Devi ce and Method to Stabilize Beam Shape and Symmetry
for Hi gh Energy Pul sed Laser Applications Thonas
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present invention clains prijority to U S. patent
application Serial No. 11/447,380 entitled DEVI CE AND
METHOD TO STABI LI ZE BEAM SHAPE AND SYMVETRY FOR HI GH
ENERGY PULSED LASER APPLI CATIONS, filed on June 5,
2006. This application is also related to copendi ng,
co-owned U. S. patent application entitled, "DEVICE AND
METHOD TO CREATE A LOW DI VERGENCE, HI GH POWER LASER
BEAM FOR MATERI AL PROCESSI NG APPLI CATI ONS" by
Hof i. nann, attorney docket nunber 2006-0035-01 filed

co

panice e MU dedbnlR HRARE SR P0 apd SxRARFFy for High Fnerey
W TH PULSE STRETCHERPulsed-basexaXpplidativns, att or ney

docket nunber 2006-0040-01 filed concurrently

herewith, to U S. Applicgtion 11/ 261, 948,
“titled "SYSTEMS AND I\/ETIE&%“T—‘%Q ERE?QATI NG A LASER

SHAPED AS A LINE.BEAM " filed on Cct ober 28, 2005, to

S ARG ks i R

| TREATNENT SYSTEM" filed on February 18 2004, ‘to U S

Appl i RS A0l ied O "L ASER THI '
POL - S EF RN AL R e akont L PRBI Rty pevial Mo
111/3970,480 amitleo IDEBICBp@ND:ME’ﬁHGMﬁt@rSMBmBmEAM SHAPE

| NSRS B R KTCRSER SN B US 0 (h AEREARPHIGATIONS,

AfifedLdd RIERCS| 2066, ms&pﬁhﬁﬁmgﬁllsof tel el Wc@ﬂt}ﬁdﬂl@, co-owned U.S.
2005, the, disclosures of each of _which are hereb

 BRigit, apRlication, eitted; SREY1hE, ANDEMEDIOP il CREATE A LOW
| DR NRIGENEREHRGESPOWER Y AXER BEAVEOR MATERIREIPROTESSING

di scharge asers. The present invention is

pAPPLIGAIAONS by Hofmane| atomeyy dockesf nwmber 20064035-01 filed
nl:&&%nfeﬂ{ly'mgﬁﬁi' {¥9 copending, co-owned U.S. patent application entitled,

“HIGH POWER EXCIMER LASER WITH PULSE STRETCHER” to Hofmann et
al., attorney docket number 2006-0040-01 filed concurrently herewith, to U.s.
Application Number 11/261,948, titled “SYSTEMS AND METHODS FOR
GENERATING A LASER SHAPED AS A LINE BEAM,” filed on October 28,
2005, to U.S. Application Number 10/781,251, titled “VERY HIGH ENERGY,
HIGH STABILITY GAS DISCHARGE LASER SURFACE TREATMENT
SYSTEM,” filed on February 18, 2004, to U.S. Application Number 10/884,101,
titled “LASER THIN FILM POLY-SILICON ANNEALING OPTICAL SYSTEM,”
filed on July 1, 2004, and to U.S. Application Number 11/138,001, titled
“SYSTEMS AND METHODS FOR IMPLEMENTING AN INTERACTION
BETWEEN A LASER SHAPED AS A LINE BEAM AND A FILM DEPOSITED
ON A SUBS’fRATE” filed on May 26, 2005,.the disclosures of each of which are

hereby incorporated by reference herein.




the intensity symmetry of a high power Exciner gas
di scharge | aser beam BACKGROUND COF THE I NVENTI ON I n
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/ or symetry of pulses within a high energy pul se
train are stable from pul se-to-pul se. By way of
exanple, but not limtation, one such application is
the use of a high-energy, pulsed |aser beamto nelt an
anmor phous silicon filmto induce crystallization of
the filmupon re-solidification, for the purpose of
manufacturing thin filmtransistors (TFT' s). Laser
crystallization of an annrghous silicon filmthat has

been deposited on aFIEhD PEEHEINVENIIQER, represents
a_pr o NedeR HVRhAGY rdifes th 3u§g?,?%%t ﬁg@laﬁe 14BL ST IO?(}:\S present

filnms having relatively high ties.
cnpentaon iszparticylpnly, brtmet iexé¢lusiaelyt heefulas albesan mixer for increasing

TRipHhREHY Gufhbly OF o Bh bW AR RAEL L5 HhafiR e bl
crystal displays (LCD s). Other applications for
crystallized silj j [ (.c LED

(OLED), System #gkéﬁgwm#m&?@ct ronics

an:JI phoi Qidzgiyt spplicatibis, MO délsiﬁgld trat ite sl_ia'ilete:rmxd hogRymmetry of
vol ume production systeps nmay be comercially

2 PRSP BIG A HtoenalYy PHlve JFan cip sBble M qiHsHpgpulse. By way of
Cexahple] butindg lignifatioR) G/ &t applibitfdane Bk & FRMEh-208 By, pulsed
and a w dth of about 700mm or | onger. Laser R

clapex Bram sommdihammanosehqys, s kgarelin do irguse cestpllieation of the film
| Wbt delBlidifitafibh,| & e RPRE bP Raduff@uid§RThin® t8m transistors
| aser light that is focused in a first axis, e.g., the
skbB¥F'shxi s, and expanded in a second axis, e.g., the

| ong- aXizger ﬁélﬁ%tf&ﬁa%{zﬂﬁadfn#p%zuéa&}ﬂc&?ﬁﬂﬁ ﬂxa@i‘ﬁ? %Irn)e/deposited on

mut ual I'y orthogona es are approxinma
ort subgwatel ega glassereprgbentyd promvising rigchnolwgydfdarhthef production of

r . ne m,fqar. Jaser cryst.al.lization . .
bR BT RB i E BRI Yigh RihroR 80Pl D crgized, i
micateri cae tlgen 3 dsedito matufacting (TFTEHrant @i 9hé pafticalw Wpplication,

7 or larger. Wth this arrangepent, the filmcan
o FICR, A RIS i, Pt el At e ek rptats (s, - Otter
bappivdatibhs tfor segstanéd siicodt ilmanfay URSEER Oghdic LED (OLED),

crystallize a filmhaving a substantial |ength, e.g.,
oS8yt OBy Banel (SOP), flexible electronics and photovoltaics. In more

quantitative terms, high volume production systems may be commercially available
in the near future capable of quickly crystallizing a film having a thickness of about
90nm and a width of about 700mm or longer.

Laser crystallization may be performed using pulsed laser light that is
optically shaped to a line beam, e.g., laser light that is focused in a first axis, e.g., the
short-axis, and expanded in a second axis, e.g., the long-axis. Typically, the first
and second axes are mutually orthogonal and both axes are aﬁproximately
orthogonal to a éentral ray traveling toward the film. An exemplary line beam for
laser crystallizétion may have a beam width at the film of less than about 20
microns, €.g. 3-4 microns, and a beam length of about 700mm, or larger. With this

arrangement, the film can be scanned or stepped in a direction parallel to the beam



In sonme cases, e.g., sequential lateral solidification
processes, it may be desirable to ensure that the
wobdoraggreof i | mi s exposed using a beam havi ng aPpCT/US2007/012389
intensity that is relatively uniformacross the
| ong-axis. For this purpose, honogenizers e.g. |enslet
arrays (so-called fly's eye arrays) or difxusers are
typically used in the projection optics downstream of
the |l aser to produce a beamof uniformintensity.
However, these honobgeni zers operate nost effectively
if the beaminput to the honbgenizer has a symetrica
intensity profile. Fluctuations in |aser beam shape

awifts yensequsptialy melhand subseguentlysqrystallizg aiEhm duwingon substantial

| RnBAARU YO/ bf ¥aodd., the exit of beam honpgeni zers.
Thi § hon-uniformty, in turn, can undesirably create

r egi onin spmeoeaseni .8+ rsequantipk fatetal setidifichtiom rprodessrsimifr may be

?ﬁéesil‘%{)ﬁhctla%%el tgu Ghe 3ilidofi %g%llqé %f(éc?s%g t%lsi:“‘nlgg‘z]i. P%’rg“? %% jnggdrn intensity

I gh power ses sult ene ala

5 ctwsisateldtivaly anifdrimacrbssatite 1oisg-abeis.c [Fob ehiis luepse, kamogenizers e.g.

cleReh Ry (e, TG, e, 4y Onof WiEEr e Shiratfinpend in he

3ptdjevtidn opties otnsGednh oflibellasd? TprolnLs altam 6R0niféted intensity.

BoR B R0 ORI ERElRest SREPRVEIR the e fpput o the

SHOMBEEDNIze HABG dyemettiRal inteisity ipPofil¥ PiFdatthiticsaiR!18seR Bdam shape

close to Gaussian, the intensity along _the long axis

10| andysyimmgtyymay Head) ivri ForresaPnding deaEadation in bsam puifoamity at the
t 8xiP bk Heam MtRogdnizetdt ISR Roh-uh#E3EitP UhSEien,"@% WRfesiPbly create

honmogeni zed properly and may result 1'n a l'i’ne beam
hepgiong afmeesinifapmly ¢nistelized gilicam.i ati ons along its
| engt h Exkgnrlcg} sgtca.P glssgggrgg é&s%pgdqugsaa} ab'lepo@#sglgﬁcéing the high power

Appl i can eam m xXer for I ncr

i ptlsesssuitabley foreggenyratihg nglaser oeytadliedticaxlise béamn, dxedescrbell above.

's - TEb Bl L fYBicaT SRR oo BRY S bt Rep groross- section

t (véthi ashong x@80f sbde 3MnTan@ b 16 axi$ 6f Stsit Qminf! THEs Bem can then

S try alo a _sel ecte xi's of a heam (wherein_the
pES homebatized M hiancd it é&tfebetaal as devgibed @hgee- sVl the pulse

t Sieap@Xdnd) inbah¥ity RGMsckRrydalohg thd khott @kis is typically stable and close to

Gaussian, the intensity alorig the long axis is generally non-symmetrical and

20 unstable from pulse to pulse. Thus, if untreated, these pulses may not be

homogenized properly and may result in a line beam having undesirable intensity

variations along its length.

With the above considerations in mind, Applicant discloses a beam mixer for

increasing intensity symmetry along a selected axis of a beam and a laser source

25  incorporating a beam mixer.

SUMMARY OF THE INVENTION

In a first aspect of an embodiment of the invention, a beam mixer for

increasing intensity symmetry along a selected axis of a beam (wherein the beam

30  extends from a first edge to a second edge along the axis) may include a plurality of

mirrors establishing a spatially inverting path. For the beam mixer, the inverting



mrrors establishing a spatially inverting path. For
the beam m xer, the invertingpath may have a begi nni ng

wabs7ams7end and may be characterized in that apEBUS200/012389
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the beam near the first beam edge at the begi nning of
the path translates to the second beam edge at the end
of the path. For this aspect, the beam m xer may
further include an optic dividing the beaminto first
and second beam portions; the optic placing the first
portion onto the inverting path and reconbining the
first and second portions onto a common path after the

first rtion has . travel ed alopng the inverting path :
tWéﬁ é‘lfB’ VRigrRyEINNg, e sdahﬁr@ﬁtenw%@ at 2 part of the
NBdanb fed the FRtHHahd bdtle dtahé ﬁ@élhﬁﬂlgtcﬁethé i trﬂ%lété% & second

the beamonto the inverting path, 'and in a particular

bz ieemat thenengyof; the path. oFOfnﬂius @FBe%a@echﬂﬁm miger may further
t RERRe M (?#Hcsdlﬁf?dlﬂ% thd b fihR! ﬁx@t ah@ rS%COIlldnb&pl’? portions; the optic

arrangene verting path may ext
spibsing the fifst yodionmdo thel inverting @a&mmmmtmhh fir§trand second

h t_of
PREBH oABRC A on WU ARG Bt oty O PR Pt i g jrverting
ap:hh&mréb;fmnangnthdhaheam ext ends from a first edge to
nver t Phgoha et M, BPhE imay he 32 PPers Rifer BElgsfine the firs

Npétioh hﬂ' thé ehmbéeao the gﬁve’ihngl phath, %d' i8CA phfituRk @itbodifient, the
beam to the. second beam ed at a second | ocation

aPGFAitY 19 TBETRR ™Y camPESS MMPTEECE-Bn girge fHlat gpirrors.  In one

pﬁﬁﬂg@ﬁmeﬁf thé veRRE fath TS xRN ubBEdnfIRRNSrthdHoh&Ciol tE common
a second portion onto a common beam path and directing

abeaP#ht of the inverting neans onto the commn beam

pat h. i siRercsBed! exﬁfuocL.F"eﬁt ASHEH mikdeof! 'a[tgﬁﬁ%ﬁg intensity

nmeans mnmay conprlse a eanlsp Itter and i n a partic
eplofills along atselectedzanisof a bean (whyreirefHedwamatrdendsdforha first edge

?ﬁ)egesreg&ui laitgl:%stﬂe.r%xe | nvgu Qo he b%%@cglplr{vtert'tlenr }'n%ans for

I nver rtrn neans may conp e
atrpslatig 4 paxmfof ithe bears neadtherfirsnbeam led g aN® Hirst lbbahon along the

PR Ik st 16 o o BB il Pechegng 4 & means for

i ﬂﬁédﬂﬂg & firétr pdsmahrcstome BeeONRE the ihwdrtiag Gnédnk) dirédting04 second
wth the first mr ori ent dtorecelvea eamfrom

{ PRFOGRABER P RGTHBSMECHP DAY ARG CECENg AR OHIENE E the Inverting means

onto the common beam path.

In one embodiment of this aspect, the directing means may comprise a beam
splitter and in a particular embodiment the beam splitter may reflect about 40 to 60
percent of light incident upon the beam splitter to the inverting means. The
inverting means may comprise a plurality of mirrors and in one arrangement; the
plurality of rriirfors may be three flat mirrors. In a particular arrangement, the three
flat mirrors may include a first mirror, second mirror and third mirror with the first
mirror oriented to receive a beam from the directing means at an angle of incidence
of approximately thirty deérees,_ the second mirror oriented to receive a beam from
the first mirror at an angle of incidence of approximately thirty degrees, and the third
mirror oriented to receive a beam from the second mirror at an angle of mcxdence of

approxlmately thirty degrees.



of approximately thirty degrees, the second mrror
oriented to receive a beamfromthe first mrror at an
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and the third mrror oriente€d to receive a beam from
the second mrror at an angle of incidence of
approximately thirty degrees. An additional aspect of
an enbodi nrent may include a | aser source conpri sing:
an oscillator producing a beam an anplifier
anplifying the beam and a beam m xer increasing
intensity symmetry along a selected axis of the beam
In one arrangenent, the anplifier_ may output an

anpl i f 8d 0dBienah dsPeré PR Fmbediment BEYpdrdlvdeofedasep source

| BsihEAsifg] 4 GoR1dtor PrEaRGAS ¥ bRAANEN BmpREECARMi SISt beam and a

the anplTfied beam™ I n another arrangenent,” the

obeam mikerrinenggsing intensity syaunethealong adelepted laxisrofithecbgam. In one
he NOSi ' i | 0

SRS s AOERFC0 ma ShEAR i DA sl A Ul e may

f be pasipbnéd traincmmasd intersity amypimétiealongil sefecRASGR B tHeamplified

i S T RN R -

| lixextmay be positionedg iacieesenintemyity) §yrmeskytatorpad Seladield axis of the

bl a hal f as incident on. the m.xer; Fig. 2

p o g Bof e i SRBRTeon s He #RHRFS of
beam exiting an excinmer discharge laser; Fig. 3
illustrates a_symetric beamprofile; Fig. 4 shows a
first enbodi rBRIESDESCRIETION QR THE PRAWINGS,

m xer, F?élq_ dhbfs a%iﬁbﬁﬁéd ﬁ&%&%ﬁm SIRPSE B &m Rixét Ll%%ﬁ{, for the
sour ce having a beam m xer.” DETAI LED DESCRI PTI ON" OF
PREPPFRED ikngabonaRPdngie beamibayingrs white half and #blpck halfas

b fﬁeﬁi?ﬁﬁm]rﬂ'ﬂe? shown for operation on a beam 12

(whi c or 11

ustrative purposes has been shown as

‘havi ngFig 2ippstrateshs typidahbéam pebfile alvngrantixisodf o isdafr) exitisg an

ex}géiai ngd i N %[eat,er detail below, the beam m xer 10
cEBE gglaarg Bfrer the intensity profile of a beam

e. g. i g Qvillogrited £syhingtrivyiaani prpfild;ong a sel ect ed
axis o

.a pbeam can be used to.reduce beam coherency, -
or  bot FIEARPOME EALTEPHERENt HiA RSt ures Bavin Aisamixer; and
I ncl udese & IV anBitet ERbodithent of a laser source having a beam mixer.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring initially to Fig. 1, a beafn mixer 10 is shown for operation on a
beam 12 (which for illustrative purposes has been shown as having an upper white
half and a lower black half). As explained in greater detail below, the beam mixer
10 can be used to alter the intensity profile of a beam, e.g. improving intensity
syrhmetry along a selected axis of a'beam, can be used to reduce beam coherency, or
both. For the embodiment shown, the beam mixer 10 includes a beam splitter 14
and mirrors 16a-c. ‘ '

For the arrangement shown in Fig. 1, the beam is initially incident upon the
beam splitter 14 whereupon a portion of the beam is.directed, via reflection, toward
mirror 16a and the remainder is transmitted (with substantially no change in

direction) through the beam splitter 14 and exits the beam mixer on an output beam



and mrrors 16a-c. For the arrangenent shown in Fig.
1, the beamis initially incident upon the beam

woplornisesl 14 wher eupon a portion of the beam iBCT/US2007/012389
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directed, via reflection, tooward mrror 16a and the
remai nder is transmtted (wth substantially no change
in direction) through the beamsplitter 14 and exits

t he beam m xer on an out put beanpath. In one setup, a
beam splitter reflecting about forty to sixty percent
of theincident light, e.g. fifty percent, may be
used. For this setup, about fifty percent of the
initial beamincident upon the beamsplitter 14 is

Pt (1B PIEOTETRS 2 REAT; SAGPT 1eiecting abpHk farbae Fixgs perpgnt of the
mnefdaﬁﬂ@ﬁaeg ﬁﬁs ﬁaf&n@,%éybé lueéd ﬁ&XMEJ f fab8tt filt} ércent of

mrrors. 1, mrror

ptlitgumitleh'e@namldﬁm umreﬂlethﬁamewhnvew najluectmmnét}mamor 16a.
ﬁ&l h{eeéea]n‘)" rﬁIxe@nl(ﬁr}% lé n& Iagee Qﬁ;ﬁ 8’ ?1%2{)81)&%%3 Qéﬂectlwty

Irty degrees. Ner
pmmriso n°esdslmmd1 mangnﬂ edmtmr t@a:mlay ®el pogitionee fahé cohedted to receive

f l4a at den of . .
b B8, DR, SR LB gl SE RO guporigtely hiny
d)@réeso nasl ﬁambrmhbemt &dnbﬁ 148 eﬁayv Be Iposjkibnéd hhd® ofiefked to receive

{5 m m %gé 4b at anh%gg oafn%g ﬂ%eﬁq %‘C%?fhaﬂﬂr@x‘m.ﬁtely thirty

I d@éesr ghd e;cih@d 14 Gitayibe pdsitibhed 1a6id MRS £66ive URMID reflected
the beam splltter 14 at an angle of jnci dence of about

f Bpmymirrard 4h afpe aegleod incidence 9§? apprprEpately dhirydegigesy

beam spbhfitfihg wathOsi. Dak t%ﬂéct& frdifl Hhirfor Q0L 4 1”115@5 ml',ﬂfent upon
is reflected onto t Ae ou beam pat h and about hal

othethgam| spljer 14 ahamangle of mqum&s o Qb@tnrfengﬁwer@gr@am%r a fifty
t
Sﬂérbér{t %ﬂl]elcgivﬂ?he OW Boﬁ% ﬁﬁ‘eﬁ £ ﬁfl)ﬁlamu?czl;ol 4ci 18 reflected

’beam pat |nc des a co
bertmtboeutputbeam path apd mbowrhaiffofithe light froralmiveatid Passes through

t at thro litter. .14 and the
pglr (heBl SR QF’ %?g%ﬁ’&%“n?%g?wfgén’f%tl 67icas RPPRes Aljus: the output
f beam phm 1be]adessa)|cbtrﬂ3ﬁted114lea.nﬁbdmthmidg/thetﬂmmdm ghthemmﬁdn team 12
he . bea [i 4 mrror i.ncl udes -
P e s Lt e BreRisml e 14t e Pouienar ishe 0% Fgpe 16¢ that
b&araﬂaczed fiain the béﬁﬂs@ﬁ&&dlzbysﬁﬂiﬁuﬁeﬂm 15t bh ¢ pdth £l the beam
ortion of ht frommrror 16c that is

H@m 18 tQdmiTFRT, b%m ncipdes 2, crrabined bepmqgpntapingythg portion of the
eﬁﬁﬁ‘:ﬂlb%&nt PEthRER FeNkted by thd Beahh Splitfer 13 HAAHE pBa*bhrml?ght from
rect an&g&h cross-section that defines a long axis .

TRHZOR #is Fansmittedithrpugh thedyeam splitier 14.

The beam entering the beam mixer 10 in Fig. 1 is shown having a rectangular

cross-section that defines a long axis 18. This type of beam is typical of a laser
beam produced by an excimer laser with the long axis corresponding to the direction
from one discharge electrode to the other. A typical Beam may have dimension of
about 3mm by 12mm. Moreover, for the output of an excimer laser, the intensity
profile in the long axis 18 is typically unsymmetrical (see graph 50 Fig. 2) whereas
the intensity profile in the short axis (i.e. the axis normal to the long axis) is
approximately Gaussian (see graph 52 on Fig. 3). Although the beam mixer 10
shown is particularly suitable for improving symmetry of a high power excimer

discharge laser, it is to be appreciated that it can be used in conjunction with other



beam produced by an excinmer |laser with the long axis
corresponding to the direction fromone di scharge

we@b@mctiszode to the other. A typical beam nay harer/US2007/012389
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di mensi on of about 3nm by 12mm Moreover, for the

out put of an excinmer laser, the intensity profile in
the long axis 18 is typically unsymetrical (see graph
50 Fig. 2) whereas the intensity profile in the short
axis (i.e. the axis normal to the long axis) is
approxi matel y Gaussi an (see graph 52 on Fig. 3).

Al t hough the beam m xer 10 shown is particularly
suitable for inproving symetry of hi gh power

- dYPFeY lagersupismiseand {eE pther ﬁpwlyapen%éoawﬁa%@emamw may

| Be 5208 18 PediR8 dohdtefth 4 HehnBent iy 9} 9%51&&/ RaR 12der! | aser

systens and for othér applications, exanpl e,

beam nFiged shays Bt ﬂ@ézfannemmwmhe mmd;S froma ﬁretaerﬂge 20toa
9%@8@ ng . BY. "’lg OI1 aﬁisosglﬁ)'i& Jhgts ﬂ{e &rs 1]6a-{' Qr/ﬁlfﬁgﬂg}& a spatially

exten al ong the axis roma
20 vening i ovicle tigrea DEginfing. 241and a0 eaddis Ahkdligt héllustrates, the

e 58 5% B0 AR sl HALa i B Bt beam

| édgesm atthe beg]hﬁmg Mesfithéthveidg paly tlafslates tcﬁﬂie&sfetdiﬁlcbeam edge

hat of the begm pear the st m edge
&t thh ang e ah Incinyerige & PPRGoRINN of Hafnest 4O shown, a
t Shdtbie abBeORSD’ B 8P rEFPwRich ishfces sk 165 ntahaadeglw leal¥ék mirror

path. More specifically, for the m xer 10 shown,

p}ﬁﬁ #rthg bettem' phhe hpm: h8inge #he inrverinespath L@@BStmlfF? gdelay path,
1&@4 WAL 8488 tARSorhEaNEhidE bf B phbe, Bbwk&, tHAOLO8E minimized

of the beam Since the |nvert| ng path constitutes a
d@aynlpamgthhé‘rleymthl be sone tenporal stretching of

i i i S pbs, o My SBflrch® (Bl Besiplaccd, J00) paving an

sangiltagor tﬂmwhaihl grodkmes gﬂmhmdl QHOf)d dreampljfien] @swhidhatarives and

a a amlifier 106
RS ReAR i Be R Al B0wR Moy e SB5¢ b6 ipa¥izRefpdg a beam
Siines 1MAks ﬂé&nsedu hb@vel(f& IRyeasing| mtBﬁsi’ty hszﬂ:mdﬁyxﬂbng a selected
10 escri above, for,increasin tenS|t
?ﬁ'&F agh ﬁéFé%@é‘be“&)? UVIYFLNE AR H“fPHlé an amplified

anséam YO8 RVHicts [30REd irltd ehePBAl fiikér 1106 FOR HRIScurét 100, the oscillator
anplified beam 108 which is feed into the beam m xer

1792y bes pulsed geydisehargplaser,suddsas # KeF opxciagr lgeergan XeF excimer

Plak&Cdn 30F Hchhba88 draffkculdUillodse Bsdl dndehal r5?511ay not be line
| aser, an XeF excimer |aser, an ArF excimer |aser

NRATERHEhESIng @ dlisneEsiveentic suekl apaye oF mpsy grﬁslngb@nsmeetalons etc.
Other types of lasers may be used, such as cavity dumped lasers, mode-locked or Q-

spoiled. The oscillator may be pulsed or continuous, and may be a CO, gas
discharge laser, dye laser, or solid state laser, e.g. fiber laser, diode laser, etc. For
the source 100, the amplifier may be may be pulsed or continuous and may be an
excimer laser, molecular fluorine laser, CO, gas discharge laser, dye laser, or solid
state laser, e.g. fiber laser, diode laser, etc. More than one amplifier may be used, in
series or in parallel.

Fig. 5 shows another embodiment in which a laser source (generally
designated 200) having an oscillator 202 which produces a seed beam 204 and an

amplifier 206. Fig. 5 also shows that the source 200 may-include a beam mixer 10°*,



narrowed using a dispersive optic such as one or nore
gratings, prisns, etalons, etc. Oher types of |asers

worey7hes7ased, such as cavity dunped | asers, nORPEFUSIRBC2389
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or (spoiled. The oscillatorg may be pul sed or

conti nuous, and nmay be a CO2 gas di scharge | aser, dye
| aser, or solid state |laser, e.g. fiber |aser, diode
| aser, etc. For the source 100, the anplifier may be
may be pul sed or continuous and may be an exci mer

| aser, nol ecular fluorine |aser, CO2 gas discharge

| aser, dye laser, or solid state |aser, e.g. fiber

| aser, diode Iaser etc, More than one anplifier edy
bés 938@5 eq gbavs; ifex insreasingpimtensity symmegty ajosg gyislected axis of the

Sl g 580908 0 B 2

is fecd mﬂleﬂmn mixer iy aﬂ"harrpixpd ibeam 208.is Fep, fegd into the
amghﬁ%sz& i B S2PSRTY BB S e 210

symret Fyr teosograe 204, ah¢ esb1hatbsrrrafy Hehze palsabl ghedischdrge laser, such
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Tlﬂ&oﬁile(liderbﬁﬂmﬁﬁ 8r hfaytiue lbeﬂﬁﬁdxalrﬂ%&dhbﬁlgad'rﬁispéﬂs% opfie such as

which anplifies the beam 208 and uts i ed
AT P RN BRInEh PTEETh STy ot UL BiReF aF Itcdpay be Héed, such
Pus sAdtydRenpbddadend, sodedvbked SLQspafied THdoRNtdt6Bay be pulsed or

| aser, an XeF exciner_laser, an ArF exciner |aser or
mSPRinMoRs. and Ay bea CQuagas dizshargy laser.Ayg 1asst, paolid state laser, e.g.

NHLEOYRE, W3dddlalerd iR FRE Ve 99&1&:8 2‘é)UC Bxeaﬁnﬁﬂﬁ?-foﬁla?‘)&eepulsed or
gratings, prisns, etalons, etc. es of | aser
megntiwoys ad may ok aa§xem¢rtlysen,unpl@dulhaﬁmme lasrteCOn ghedischarge
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cont v n ous, % di'scharge faser

I asmhﬁemasbbusledstm*smdsasm panallgL fiber |aser, di ode

| aser C or th our ce. 200, ..t he,, Lifiet b .
pul sed‘aggh Egﬁtq ROS s ) ngé) ’aﬁsexél e n gﬁgags #and 5, for
maltering an irfténsieyi meﬁleaﬂehg aGelecgrsaxis o b&feﬁm, litvis &6 ,beCBﬁprecwted

ser, r soljd st Iase f.i ber er, di ode
&% THtSeE PRY eo?feplé%sﬁi. i ssvewﬂb%%aﬁé&m mixer altering
S ah |11&§nsﬁ’ﬂ'y profiRAIShg £ firstAxi O ben ahd 8lsecdn@BBai thBler altering an
shown i n 4 and 5, for altering an

10", 10" Fi :
mtm%rgrgﬁleo@?% aépaqrgig gxig @rf écem- akprexpmple,fhg first and second

|§x§§bogm9@mo§5gd that two beam m xes coul d be
enployed, in series, with a first beam m xer altering
le the particular aspects of embodiment(s) described and illustrated in

this patent application in the detail required to satisfy 35 U.S.C. §112 is fully

(

capable of attaining any above-described purposes for, problems to be solved by or
any other reasons for or objects of the aspects of an embodiment(s) above described,
it is to be understood by those skilled in the art that it is the presently described
aspects of the described embodiment(s) of the present invention are merely
exemplary, illustrative and representative of the subject matter which is broadly
contemplated by the present invention. The scope of the presently describéd and
claimed aspects of embodiments fully encompasses other embodiments which may
now be or may become obvious to those skilled in the art based on the teachings of

the Specification. The scope of the present invention is solely and completely



an intensity profile along a first axis of a beam and
a second beam m xer altering an intensity profile

watoongdsasssecond axi s of a beam For exanpl e, tier/0$2081012389
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and second axes could be ord hogonal . While the
particul ar aspects of enbodi nent(s) described and
illustrated in this patent application in the detai
required to satisfy 35 U S.C. 112 is fully capabl e of
attaini ng any above-descri bed purposes for, problens
to be solved by or any other reasons for or objects of
t he aspects of an enbodi nent (s) above described, it is

tQ be . understqod by those skilled in the art that it
i %@tﬁélﬁﬁ ealynthey appieadd 7éima e pathing bRyondether ragitations of the

esfRAdieP oladims. OtefbRAcH 1€ AR WehBMER s Ahfmd"H ®le/singular is not
exenplary, illustrative and representative of the
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etlRNEIAims And BfgtedslAziven iaimédieng in ! SPeciffcafion ahd/b£0HEEks in the
to nean ngr shall it nmean in interpreting such claim

ePreREH taPphstiomshall navethat megariagsregepiless of gnys dictionary or other
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functional equivalents to any of the elenents of the
apomsthedglisquesed indhe Specification as by dispeat of an embodiment to address
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t & B cdristriugd RAler the PR6ARSloRY oSS €SS . 1§11 2] siRthARirAdgEpID funless the
nmet hod di scussed i.n the Specification as any aspect of

. y
afleBIFBbISi FrRrrssly Jecitrd using thg Phrasp Jmesas orphenin g w@se gha method
t e1alig, thE klefstnbYs febifePRRLGED" Pist&aFdinmapBirs di scl osed

inthis application, for it to be enconpassed by the

presenft &¥illj hg ungsrstood by those skilled in the art that the aspects of
embodiments of the present invention disclosed above are intended to be preferred
embodiments only and not to limit the disclosure of the present invention(s) in any
way and particularly not to a specific preferred embodiment alone. Many changes
and modification can be made to the disclosed aspects of embodiments of the
disclosed invention(s) that will be understood and appreciated by those skilled in the
art. The appended Claims are intended in scope.and meaning to cover not only the
disclosed aspects of embodiments of the present invention(s) but also such
equivalents and other modifications and changes that would be apparent to those
skilled in the art.



el enment, conponent, or nethod step in the present
di sclosure is intended to be dedicated to the public
wo e@angizess of whether the el enent, conponent,pOr/US2007/012389

met hod step is explicitly ngcited in the Cainms. No

claimelenment in the appended Clains is to be

construed under the provisions of 35 U S.C. 112,

si xth paragraph, unless the elenment is expressly

recited using the phrase "neans for" or, in the case

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

instead of an "act". It will be understood by those

skilled in the art that the aspects of enbodi nents of

the present invention di scl6k4dMibove are intended to

beHat &f @4iffed jg¢nbodi nents only and not to limt the

di scl osure of the present invention(s) in any way and

particularly not to a specific preferred enbodi nent

al one. yMany ,c [ £ i on n bhe e to .

the disc os?dg%%g§§¥%}g {Bg?%%i&%f}r}é{ﬁggwgs"flwgﬁ’én?lg)&ggssglc?cwd axis

i of/ebe¢dnnrthe pearh aixtending foemianfhst edgeotd asedombadgecilagthe axis, the
se skilled in the art. The appended C ains are

ib%?argpng'é’gﬁicﬁmfgosbn@‘ and nmeaning to cover not only the

di scl os qﬂl(nah'gﬁof mi.ﬁforﬁﬁi‘tﬁ’f]liisliﬁig a slpﬁtiilhﬁ irﬁgeﬁ&@lhbaﬂl, the inverting

i nvention(s ut . al so, such .equival enfs and ot her ~

AR e & beianing, i 30606 0 VRS Ghaactsged Bniha g part of the

t BBe nddsl the st Beahd8d gy At the AeMAnNFAYS the palhPirafthtésSio the second

1. A beammxer for increasing intensity symretry

é\"?ﬁ"ﬁb%ﬁ%"él%?‘&ﬁo%ﬂ%’a@ﬁ a beam the beam extending

1 OM dad bk ditiafng oS MY B0 00! B Bbitiont e optic
beam mi xer conprising: a plurality of mrrors

eplaeipBitha firy partinganite heyinverting tathyansrebombining the dirstiand second
CPorniohfhiBch o ndWie Hp PituB ot Fallied plone the inverting
f path thdrelpnmedge thetbealre  begi nni ng of the path

‘translates to the second beam edge at the end of the

path; an optic dividing the beaminto first and second

beam p2rti oAS beahemiyerias fecaed iy cldigr 1iwhdreipothlei 6pitic :js a beam
onto the ipverti at.h and r.econbi ning the firgt an
it e S BHion Shihs peath g derv e Ties RS

portion has travel ed along the inverting

3. A beam mixer as recited in claim 1 wherein the plurality of mirrors

comprises three mirrors.

4. A beam mixer as recited in claim 3 wherein the mirrors are flat

- mirrors.

5. A beam mixer as recited in claim 1 wherein the inverting path

extends substantially -orthogona] to the common path.

6. A beam mixer as recited in claim 1 wherein the length of the inverted

path is less than a pulse length of an pulse input to the mixer.



path thereby m xing the beam 2. A beam m xer as

recited in claiml1l wherein the optic is a beam
waplortiasesl refl ecting the first portion of the BEEUS20T/@ 2389

the inverting path. 3. A beam m xer as recited in

claim1 wherein the plurality of mrrors conprises

three mrrors. 4. A beammxer as recited in claim3

wherein the mrrors are flat mrrors. 5. A beam m xer

as recited in claiml wherein the inverting path

extends substantially orthogonal to the conmon path.

6. A beammxer as recited in claim1 wherein the

| ength of the inverted path is | ess than a pul se

| engt h Bf anAheameminep for altgring en ntersityprofilepdomg asslected axis of

f j ' | ] n ect,ed .

oot s Sk B LB b £ B Re G PRy e avis, the

t dbeamsmi@ndomgrsingl ong the axis, the beam m xer

conprising:.an.optjical inverting nmeans for translatin

a part a&gi’th@?b’émgle%gmﬁq‘%lm&geﬁﬁ%é’é ‘?T’Saminﬁ-?the first

| arain @ipeadtANfrst MtatioR Adng the DeaBCONHe ReNdtAM Sdgeat a second
cond | ocation al ong the beam and a neans for

s
di'PERIORAPTE 1P PEIMAK i on of the beamto the inverting
means, #ipidaas ifhd dRtediftigOR FirROpdrtioR I he BramP BRI BR2MHing means,

path and directing an output of the inverting neans

orflixscting a seeandrPastem PPt shcommon bsammath aed dizectingoin eutput of the
i NnGdrth [ Eg: [k [ eans conprises a
bean1sp€?%?§€$&gFﬂ%§ ea%##?%%fggg recited in claim?7
wherein the beamsplitter reflects 40 to 60 percent of

l'ight igcidept Lpon [ the ipverti
means. §IO. ARb%am %ma(grrea%g&!ﬁé%%eéﬁlﬁ% -}cl%a{’leﬁ‘wn? t&ﬁé{“glcﬁ means
t heompmses 4 bergn splittes. conpri ses a plurality of mirrors.

11. A beamm xer as recited in claim1l0 wherein the

plurality of mrrors is three flat mrrors.
9. A beam mixer as recited in claim 7 wherein the beam splitter reflects

40 to 60 percent of light incident upon the beam splitter to the invérti'ng means.

10. A beam mixer as recited in claim 7 wherein the inverting means

comprises a plurality of mirrors.

11. A beam mixer as recited in claim 10 wherein the plurality of mirrors

is three flat mirrors.

. 12. A beam mixer as recited in claim 11 wherein the three flat mirrors is
a first mirror, second r.m‘rror and third mirror with the first mirror oriented to receive
a beam from the directiné means at an angle of incidence of apprdximately thirty
degrees, the second mirror oriented to receive a beam from the first mirfor at an
angle of incidence of approximately thirty degrees, and the third mirror oriented to .

receive a beam from the second mirror at an angle of incidence of approximately

thirty degrees.

13. A laser source comprising:



12. A beamm xer as recited in claim1ll wherein the
three flat mrrors is a first mrror, second mrror

wapa7tdi7ed mirror with the first mirror orientpedr/us2007/012389

receive a beam fromthe dinecting neans at an angl e of

i ncidence of approximately thirty degrees, the second
rnirror oriented to receive a beamfromthe first

mrror at an angle of incidence of approxinately

thirty degrees, and the third mrror oriented to

receive a beamfromthe second mrror at an angle of

i nci dence of approximately thirty degrees. 13. A | aser
source conprising:an oscillator producing a beam an

anpl i f fRPsaFer ProdugingadeB®an and a beam mixer

i ncr eagh BgpliRLCARPli iy MEBEAY; MPNY a sel ected axis of

the beam 84. A laséer source as recited in claim13

wher ei & heam mipdri ncraasipgt iptemsity symmpitiyf alodg re setected| axis of the
thenpeam nm xer is positioned to increase intensity

symetry along a selected axis of the anplified beam

15. A laser source as recited in claim14 wherein the

beam m, xer ¢o ' : ural i 1 rror .

est ab Imlmsg'hi na gigéjpsaﬁ ?cael ﬁgyr Q‘lLliné\(/lé Ptclia}rétélo%a%?ref%@eiafﬂ})é‘nﬁtef fytputs an
pahplified, bean candethie rbdangmaxet iarpositidbnad do ifdregse intensity symmetry
characterized jin at _a.pa of the beam near the
f&f’ggaﬁgﬁﬁﬁe@&ﬁ'@ 051{']? ?f@g]bﬁ@ﬁ‘ﬁ%g of the path

translates to the second beam edge at the end of the

path; an optic dividing the beaminto first and second
_beam pbtt i ofs 1aseResoypre s gratadnip Gainy ¢ swhersin jthe beam mixer
OBdriprides: i nverting path and recombining the first and
second portions onto a conmon path after the first

por t i of Mwlity f apisers eesabjishing prapatiallyhinvsdting pathy gy inverting
bath Hhviri®a BERHck i bhigh [atl @
T% wher el na‘t he op ?:nC}Ag‘p gﬂg]eag?nxtg%?%a t§ ?ég&%%g%e%{]lth%%té?g of the
f beam neagrthe diwstdieanh edgeeatrthe beginhing éfithe pathnyagshtes wntdhe second
"‘Q&Er%@etﬂ?h@é&i{@é&%a&f mrrors conprises three
mrrors: ’
an optic dividing the beam into first and second beam portions, the optic
placing the first portion onto the inverting path and recombining the first and second
portions onto a common path after the first portion has traveled along the inverting

path thereby mixing the beam.

16. A beam mixer as recited in claim 15 wherein the optic is a beam
~ splitter reflecting the first portion of the beam onto the inverting path and wherein

the plurality of mirrors comprises three mirrors.

17. A laser source as recited in claim 13 wherein the oscillator outputs a
seed beam and the beam mixer is positioned to increase intensity symmetry along a
selected axis of the seed beam and produce an output for amplification by the
amplifier. )

18. . A laser source as recited in claim 17 wherein the beam mixer

comprises:



17. A laser source as recited in claim13 wherein the
oscillator outputs a seed beam and the beam m xer is

w@omrhisoaed to increase intensity symetry al oPQI/Es2007/012389

sel ected axis of the seed hgam and produce an out put

for anplification by the anplifier. 18. A |aser source

as recited in claim1l7 wherein the beam m xer

conprises:a plurality of mirrors establishing a

spatially inverting path, the inverting path having a

begi nni ng and an end and being characterized in that a

part of the beam near the first beam edge at the

beginninq o? th$ path transl ates to the _second beam . .
edge af RIFElith @t Srinony e3iablshing, aqspatially)jigyediing pathe the inverting
b?a'ﬂtﬂac 'heﬁhf%]ﬁ IYeginn@i}d akE 6R RAIPERINDEAL (chAASterizOE irP B}]dt @ part of the

p ing the frrst portion onto the inverting path and

r eRasnPERN thg firskebgam sdgepidthe desinningef therpatly frapslates to the second
COIRR Bd tﬁh@EEEB%ﬁ@EmﬁirSt portion has travel ed al ong
t

the inverting pat eréby m xing the beam 19. A beam

b ' I flecting. the. first rtion.of the.bea
ORREHAR B o 55 e i 1 T 8t SRR sccona
| portioas ontb/a whmmminnpdtinafipd thedinst yortibn Mas taveled argngi the snverting
thr %hnirrons. ‘
pa ereby mixing the beam.
19. A beam mixer as recited in claim 17 wherein the optic is a beam

splitter reflecting the first portion of the beam onto the inverting path.

20. A beam mixer as recited in claim 17 wherein the plurality of mirrors

comprises three mirrors.



