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Background Information

[0004] Laser beam combining has been used for increasing power, for double
pulse processing, and for creating beams having more than one wavelength.

[0005] U.S. Pat. No. 5,742,626 describes splitting a beam, passing one portion of
it through a harmonic converter and remixing the beam portions in a sum frequency
generator to obtain a deep UV beam.

[0006] U.S. Pat. No. 5,756,924 employs a beam combiner for providing coaxial
propagation of combined laser outputs and subsequent spatial overlap in the focal
volume of a focusing lens.

[0007] U.S. Pat. No. 6,266,359 proposes a splicing asymmetric reflective array for

combining two beams.



of conbining | aser pulses (or generating a sequence of
cl osely spaced pul ses) fromtwo | asers using del ayed
wao eoogaensng. The descri bed configuration of sekdI/psiosga3ssso
working with an optical anplifier is of a standard
esi a I
100043 G5 1 AREPA, P35 RO 2013755 PRisRisels fFetoa SFLbkibining
laser pytsesrfoomiwd lasers esirfg synchvenifing wldationicd amcéastnggenng delay.

o00d] XU 8565 BRI 5k el oSl & i
worklhgcbje%}néJ or-a EGhbinBBMeant Bt diffirent8)8riLAR$404n %ﬂ@’@rﬁ@édlment

pul ses fromfour extracavity, frequency-tripled |asers
an electrpoptic dwdulatonappearsja Ibseemplope@aetaepmlhsa ®ickener gy.

1001§oarl .y ARPL BT Neg 2RO il SRR, Plsidst ¥method

of coﬁﬂﬁ’ﬂh Risenpulsed (@r Berémting a dquase1st cldselydsptideddsulses) from
[0014] These patents and publications offer sone

two l@%ﬁfam@a@e@elamd Iflﬁﬂeé'ﬁﬁntThf?ngSIﬁFé'b?d spatigyraion of seed pulses

workﬁﬁg%&rﬁ:gﬁ og'ﬂ p|||§éf % %g&ﬁggk@ﬁ%ﬁ&gﬁ;b%%gﬁf,%@@combiner has
low efflicienaysur e [0015] In some exenpl ary enbodi nents, two

| asers emt pulsed las

b d d h
(00125 ; nlg et Mo z@.ase%pepéﬁeri?%gfqo%?&gﬁs{s%? reRZeg i gses from
two (gevs{ltﬁﬁea ‘({j&éré‘&? R Bs FSut:phFﬁmg ﬁ@%ﬁﬁ\ea&%ﬁerent energy

vered to a eamco I ne i nes t
and/dronvavedengthife atedes frerr bdib pulgdsat |ncI udes a series of

ooty 2P: S Ae| Hiel NorBBkelibedbe eBRiFes Bufes Foffour extra

cathrW&nﬁléG%é&@ & PPIVIES Bioninéd Pﬂ&e%ﬂiﬁ@a@t@n’ﬁh@@

intersects an optical nodulator such as an
enermvl (el ectro-optic nodulator). The EOMin response to

10018, ToPrS A N7 BlaraBeEfoltite M BRRR s Tog e

wavelgwgthatisgerbieargonigeriyativh d¢ontbiter g & plurakty dﬁ@@mnmétnc
whi ch the pol arization states of the |aser pul ses of

gratifgfe two beans are the sane.[0016] In sonme additional,

[001 erfﬁ?éé ES en‘?é ?ﬁg 'prﬁéd%ﬂs%mb?{e%’%@%ﬁ m%éﬂaggrgpk%nting

aser pulses o
theirlspeeific IapphtsattomlsmLQ‘sUﬂer fromadipacbiadntagespwhen appliediteeother
|l aser pulses fromboth |asers that is greater than the
applicAYNA dual repetition rate of either of them The

oper auhfaRf ofthe %g&gt ributes to scaling the pul se

repetition rate o € pol ari zed | aser beans w t hout
[0018Libstraseinalexgowdaryl erslsodiments, two lasers emit pulsed laser beams
conditioned to have orthogonally related polarization states. The pulses of the two
laser beams are time-displaced and delivered to a beam combiner, which combines
them to form a combined laser beam that includes a series of laser pulses with
alternating orthogonally related polarization states. The combined laser beam
propagates from the beam combiner along a common beam path that intersects an
optical modulator such as an EOM (electro-optic modulator). The EOM in response
to a modulator drive signal selectively changes the polarization state of selected
pulses of one of the two laser beams to provide a composite laser beam, in which

the polarization states of the laser pulses of the two beams are the same.
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[0027] FIG 4 is a block diagramof an alternative
rotatingeln@Mar y scal abl e MOPA
[0022] In some additional, alternative, or cumulative exemplary embodiments, the
system is scalable by addition of sets of single lasers or pairs of lasers with beam
combiners and EOMs.
[0023] Additional aspects and advantages will be apparent from the following
detailed description of preferred embodiments, which proceeds with reference to the
accompanying drawings.

Brief Description of the Drawings

[0024] FIG. 1 is a block diagram of an exemplary laser system for combining

pulsed polarized laser beams.
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optical modulator, and harmonic conversion module of the laser system of FIG. 8B-1.
[0034] FIG. 8C is a simplified block diagram of a laser system employing a
Q-switched laser and a harmonic conversion module that cooperate to form and
apply to an FMS electro-optical modulator a frequency-converted laser output for
direct production of a tailored pulse output.

[0035] FIG. 8D is a simplified block diagram of a laser system employing a MOPA
implemented with an electro-optical modulator to produce a fundamental tailored
pulse output for subsequent amplification and harmonic conversion to form an

amplified tailored pulse output.
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[0043] FIG. 15 shows, as a third embodiment, electro-optical modulator drive
circuitry that provides a drive control output signal to one of the electro-optical
modulators of the system of FIG. 10, which in response produces mulitiple states of
output transmission and thereby tailored pulse output.

[0044] FIG. 16 shows the timing sequence of the signal waveforms produced and
the consequent states of output transmission of the electro-optical modulator driven

by the drive circuitry of FIG. 15.



conmbi ned beam path 16 a conposite out put beam 18 t hat
may have one or nore properties that are beyond the

w0 paboa3Tdsml capabilities of either pul sed | asePCIUS2009/038559
14b. Al nost any type of pulsed laser 14 is suitable

. : ori i : :
Too4gT PR 41 &b b A L e G BBl st bR hg
photoudstettors ardl atpuyisalsivale pantpeier sofaciitateateltifiactional dapabilities of
| asers,. djiode .| asers, sem conductor |asers, gas
an elpgiEsioptic SeVice RORAGRRAET SeBPLAtAENS] e S BPNGuCh
pul spdtdiRaenSschibtioRbf Préferrdd/EBBEdiRiEnte 20 having a
pul se wdih as short as a tew fem oseconds while
[0046} heFKS ihghews anexemplaryjaseresyster 40i fagcampirling lasied baam

patnd 25 38 2B FéHedbentng IR ESEN P bt 083 pr iy Efano -
comisiné@ Bearpath 16'@ cBipdeitevodipis beah P8 tHatenaphavs oA or more
fent oseconds to about 1 picosecond, from about 1

proppiies dexicare hreyoRddte individvesapahillies pbeilagicusad faser 14a or
140, DRARRESADCoPgUEd A AANOSERANETor e LiRTE BEM dombining

nanoseco nanoseconds.
techmiglesdeserit@dsheréimexgmplandpulsed ¢dsdrs dd includs, st asembot limited

as a few hertz, whjle others may be, pul sed at .
to, d‘PF’@tﬂW‘E‘é"'tﬁfs@fﬁ laéeliﬁa f'gﬁ& ,E?‘S@FSX Sigdelasgrs sgmicongdygtay lasers,

195ersEBELOD VARt Bisehrd) bet ween. I n some enbodi ments,
gas t%eésfrequ%%ci eggmay lge fromabout 1 Hz to about 100

[004F, Soome absuch dused lasersabéd mayleriitia laseopulad @0thavinga pulse

ato 1 Mz, or from about, 1 M o _about 4 . ch .
widt] &5 501 5. ey g SPap v bR PRt pdaSerfey 20 having
a pulSBSviB8eds PAGHNE@raleThaMRBcBh8s BRldnger| adny of various

advant ageous for pul sed | asers 14 having one or both

ranges of pplseiwidths inedweeny trasoronembndimestsadre pulsewidths may be

o} S BREreBFUBAPE hESSEaTRLER a0 gson
aboutdl nartsesond | feomradipat i inadobséedrebto diitut M@0gRMmoskconds, or from

conposite repetition rates may be any nultiple of the
aboyt djeanasesand i 609 A3pesesandsi ousl y di scussed. [0050]

[00451;‘ loi’m %@{ﬂuﬁgpééchlﬁflg?é’a ?%@H 18 rﬁ%ﬁg{ol\q/ﬁélhr%%ea@o# ?é’t.léﬁgggmall as a

amrenta er wavel owever, p
few herte whilebthass may bedmlsedt attinequenciescoftgy © 40GHA®r ang of
.or nmore npnlinear crystals to convert the fundangnt al
variajs,Fanaesy Phrapstion H L) ﬁ%%-mﬁxﬁ@%@ﬂ@dﬂﬁe@?gﬁ’ﬁ ary
freqiemetA Ry Mo G &RNYY THZ RCABEIR.00042, fiom R8but 1 'HZE about
to, a 1 m Nd-doped solid state |aser, fiber |aser, or
1 KHze frioovablewt b KHzae dr MHz2x enfsbar gbdid rindhizdovabosit d0¢siz. Much
but _are_not to, second harnoni cs,

i | ude,. limt. ,
largqrAvellapRinddANIES Al RO Blfoni cs and fifth
[004BR" MMAeGSeant-s6Mbirany tesdp@idddstard paitidligry\ad el riagéd\s fé)r pulsed

include, but are not limted to, 532 nm 355 nm 26
lasergni4 Baving ong afoth of repetition rate limitations and average power

limitations. The combined laser sources can reach combined repetition rates of
greater than 40 GHz as well as smaller repetition rates. The ranges of composite
repetition rates may be any multiple of the repetition rate ranges previously
discussed.

[0050] Pulsed lasers 14 may emit a laser pulse 20 having a known fundamental
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accj dental, overl a ul se s chroni zati on techni ques .
esP%‘%W@%éﬂp'l%t'i’ﬂ%"P‘%‘th% 9%"’"‘?, Flaiirsd %WE%S'F%OWBﬁEP??m 18is
desitdycor porated by reference, nmay be enpl oyed. For

exanple, if pulsed |asers 14a and 14b are w tched
[005R}hsedrs someee,mbwnmmrpu}&ad llayew‘mmandm%@rel |p|u{sed at the same

i.gnal | d
repeli S i YEhIPE pufRe BT RE0 el fad PR wd i figay.
soms@ﬂm&nmeﬂtsr me fim@ni| sy fsQgraaterthan eHeadurfl'df VIss plRetwidth of a

shown), whi i n response provides synchroni zed RF
Iasesp@}ﬁaﬂél ansl a@bu&rdwwaswqytgwwmm@lseﬂ lasess jé4i eei@ other

emblggﬁlfée s]tﬁg tgﬁ%d%%gl i% gfeoag?ﬂté\%ﬁ;tﬁg%gbf?fa@c& %%XﬁLﬂLe width of a
laser pulse 20 plus any jitter time associated with pulsed lasers 14.

[0053] In some exemplary embodiments that address pulse jitter stemming from
laser driving electronics (to avoid accidental overlap), pulse synchronization
techniques disclosed in U.S. Pat. No. 7,396,706, which is herein incorporated by
reference, may be employed. For example, if pulsed lasers 14a and 14b are Q-

switched lasers, they can be driven by synchronized drive signals developed by a

7



signal propagation nedium). Different | engths of RF

coaxi al cabl es 44a and 44b between RF signal driver
wW@eehot1 b8y especti ve acousto-optic Q switches CBEI/D82009/038559

used to provide a delay tinme between the correspondi ng

comrjpgr? g |S%%I’RI%§ 3@% a&ﬁjmg\%?l iﬁé@H@@%\i%@g o&k@}‘] IEF& pulse timing

ective p asers a an

demamceemiteol sighaiotd leFssngméieirlverrmaidhayVnprwmwem réspdnlse
iffer nt Iengﬂ_hs of RF coaxj al 8I es. 44a and 44b i?
prov'a?%avraﬁ "pRiZRA fifesionals tp.a@peﬁth%%t& SWtEhgS i i BHisgrhlasers

14a :{}ﬂieﬁ;ﬁ) mgroggﬁ réspefivé R0 ﬁélﬁsgb (f,%ff%né’ ﬂﬁﬁ%ﬂﬁl‘sﬁ‘ag fap%roprlate

l'ay provi ded t erent | engt
signat peopagatioalrhedium) a [hfferemtllen'ﬂwsgofelal: e:oaxllahnablas ddatand 44b

i.tter,assoc with guantum nqQi se in the | aser
betwpd REL$ighS arf? S5HahE festialvd SRR dHioRE Switches cafi i used
to préVi@s @ deaxy ﬁ.@meadm%éﬁtth@eérr&wrﬁm@m%ee bhls\é§|20a1 and 20b,
enerate ul ses are commonl Yy used as work I Ng pu Ses,

propagating fremd a@snﬁc@ve@@tﬁewaseré iaranst 8. | engt hs of

100557 23S e bRy Hnibunen, B3 el A Bra 8 . gierent

lengthe 6 Rt eoaxial \Wabled m&amh&bﬁ@grmémﬁe IﬂMeSJ&féHa&SBd&lsted
14 bei ng conbi ned. [0055] Also with sone suc

with GHASETTIGRIES 1N IS e LEBPIBINS olh SURF SIpiDENiS e time delay
prowglsg %gftés %bfgl%fﬁhﬂgﬁéthg%fslﬂ: Ebé‘%gﬂca‘iaﬁé@ﬁwa SRAUY4e is gregter than

r energies are tired en b
twicedthevtene jitierad ssoaghéd enthtquaad:mnstoaseoptthe I@eswe!scm’raiersarle some

exeniilnd; SRSIEaS Sepenialy LSty abafcatiopS et sonsecutively
gene‘ﬂét@ﬁ dLﬁ’s%%r ar‘é%d?h%oﬁlifméeﬁuéj@wéﬂﬁrﬁ blls¥s tH@VtﬁH@Bela?Vrﬁ‘deed by

Qswitch RF Si cut exhibits a tinme
the qlffereet lepgthsinf resprctive R cablesiddds woeates tranputimestthertims jitter

assof Bt Sl b Rln B4t g B stforllofo bl Bt number
oprﬁséaJCIbl‘s@rf%l wAbéipg combieédt RF drive signals appli ed to
acoust o-optic switches. Thus, a stable |aser

[00558her Hlsopwith sp@e scheambodipentsiwherniasar pulses Qﬁangnd 20b1 are

requ?%t%:er gﬂgé%dlgec‘a ghlﬁibgﬁﬁaﬂﬁ%ﬁtrofﬁpﬂgﬁr BS hqg%o/energles are fired

whermbbiheREiriwe s[glﬁﬂﬁ}apbllemrooadwstcsﬁpfmDeswncrhednreratrauaed/oltage
| asers 14a and 14b a d | asers

tc
Ievelsqrmng dig- gt ra @r@ygﬁag Qﬁ gﬁgrlv&&@@tl%\tﬁ tg maintain high
ase S pL Fpln ierﬁﬁiiﬁmpr”gﬁf R e DUYRIPRE idffy o
exhitztsomtimehjiter ohtheasarealx rasredalta/eatndaSIer[pulse tilneng demand control
t 0 th
signpeZe (SIS Bilse TS o, heaien. e Toserilafa Borare o the
synchhﬁlﬂfloﬁ' Fddth RF yiffe ﬁgﬁé@%pﬂeﬁfo E&@@é’c@fﬁb‘ﬂc@%ﬂﬂ@h@é Thus,

provi des a common Q switch RF frequency signal to
a Stabt%béet puise Rmesgsgnmﬂleg@raahm\@bl%wdh &epuiate §ming between the

laser, Q?LQ?% gg%sg nﬁntogﬁ%é%tp%%lioqgrahgg o?'l%s% sYaebilﬁil Wlins a%lﬂni% 0% is

achievable.

[0056] In another example, in which pulsed lasers 14a and 14b are Q-switched
lasers, the RF signal driver employs an RF signal generator to provide a common
Q-switch RF signal to respective RF driver/amplifiers that provide the RF drive

signals along the coaxial cables 44a and 44b to the acousto-optic Q-switches.



and 44b to the acousto-optic Qswitches. In this
exanple, the @Qswitch RF signal driver uses a common
w@r@wilsB2 RF frequency signal as an input to tPEr/US2009/038559
different RF signal generators and their respective
we r I t
10057071 Bt Gl WheRFphRE ficerE AR T aRAR itched
lasers] thieRF srgriahdrmbrfémpleys aﬁbﬁéneqaarpby gemmtmathabprovfdas a

ComiGpE s HCRER FERHRTIRN PR e e SRRIVE RF pBalarrisTator pgy
amplmé? c%bﬁﬁlﬁﬂ%s‘lhﬁw}b\/ﬁ@ the Fﬂ:t Hﬁ\% §|@ha|saa5|8ﬁg hﬁ?g&ml&a‘mes 443

zero volt age | evel crossi ng w
and 4ﬁb/\m/té\e acpugdtd-agtia Qrewitdhesf dn thiz @xpmple,dhe |Qﬂswgeln RF signal

th t.ch RF f
drivef JFPE & conion i SMIG RE e YEneY Sl A Al gL B Yfergnt RF
signdl gleneritofshend teRireBpeaRe pdwataeﬁpnﬂéfrs anfnﬂytnéaﬁﬁeﬁémusto-
to 50 ns_or greater, for exarHJ dependi ng on the

optlchyq,qe_lsc hl hrerdige epige qfr@@wéﬁb)R ggﬁ@l eift-afilirees for the different
powegr%@‘sfféggﬁ%ﬁ %‘Fcﬁtr @féf'l mie%{qg%bﬂﬁé?%rﬁé@or% h3l'of the

ur| ng
Q-switch R freqoend 0O tuﬁe Ilhetmsﬂmsepalssof/\IHel RERiyreats applied to

that when the RF trig 8 Fomts of RFf gnal
differggh lassf Beadaweuldbe cHUR 3l thegasg vaHag® IevelFrassingswith
howeyRY 4 dBlaydirmé BF 31 exAiHBle® anintEger hiMBERlidheB'SHRLRATBIHE
elay ti etween the first d second | aser energies

Q-switeh Rfe freqaenaedyclé ﬂﬁﬁ@]ﬂﬁk Wdlmﬁgweraspmrammable delay time
recjate trat .l n, exe fa

petwgBR 43¢ 3L pLISAS i HiePSrPT LM A ERE OB LSt meirgester, fo
exan‘i’élés@épe{rﬁm’g SN M CREWEEH RPSigRaltfR{UBKREENBohitabf thes&By

warrant ed) may be achi eved by correspondi ng
embwﬂm\ts stightdre wsefel fonplacingwmnosyeen palses aniahlC link during on-

the_@ﬁi}k%&g{%min sone enbodi nents in which, for exanple,

sers l1l4a and 14b are di ode seed | asers,

[0058]he Skiet rpe¢§¢n§wmrmip$e@iaw thatlwhenithe Rresigget puidts of RF signal
di odes can be offset. OOGO} Wth reference again to
e

generatars are coptisvionsiyrAseararanable atibesapg lews! orrdiffersnt lavels. a
contlm’xf)g#ﬁﬁ??rjgﬁﬁﬁ{atrﬂéﬁé %{1 ﬁrph'ﬂ%%%é?( tROKRE L bﬁﬁ %tega?@(laaser energies

I'S or ogona
can Im@kallzedtl on direction of linearly poI ari zed | aser

(00580 SR RerS P #@55 St eTarTAN T Be et 4tizing
othelléé‘lséruﬁtléﬂl&?%rchﬁq& aﬁulé@ ‘E{ln\/fhgaoff%%lt géddzﬂddwﬂoquét?&{ {oRe

at 1Is ara epo arization direction of
extent thahit In}a)pm manrmtued)aeay bp @chieyed (tyi carraspoadingympahaisms or

otnep B kot sypebia B leSTinTer s wree agaedfiiEnBIn BAdh, for
examiglef theay@séd Risers’ 24 aayd BabraeidiodnssedlasBes, Me eRictrical signals
|'aser beam paths 12a or 12b between the respectlve

appliegdethe respsctive diages candeaaaiferinbi ner 24a. [0061] For
[OOGQ " eg?ﬁr?%fgrefnckg‘gg?n ?ohﬁlvé? 1exr$g8ﬁ1%ré'ml5’8&|ﬁ{en¥?tlé§é} pulses 20a,

'ons~ 0
emitted by puised laser 14a are linearly polarized in a polarization direction that is

orthogonal to the polarization direction of linearly polarized laser pulses 20b; emitted
by pulsed laser 14b. In other embodiments, laser pulses 20a; emitted by pulsed
laser 14a are linearly polarized in a polarization direction that is parallel to the
polarization direction of linearly polarized laser pulses 20b emitted by pulsed laser

14b. If laser pulses 20as and 20by have parallel polarization directions, an otherwise
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pul ses 20ai as parallel lines and exenplary orthogonal

pol ari zation directions of |aser pul ses 20bi as dots;
whowensg2 skil |l ed persons will appreciate thatP€ES2009/038559

pol ari zation directions could be reversed and the

opifS 01 GBI 72185, B SRR PRBISRIENGEY 88t bdabipatys oa o
12b taétweebeh@oe}irieicﬁvewseirdng avridbandoabeant corabmer Bdam
oot CEe? SauENanseobls | Shoes R et Eztop s onaaser

pulseSOItH Y pAdfleldmBs d &x@mSA BHifogohal BbRTizEHIGH) dFE&R MR of
a thin-filmpolarizer, both of which are commonly

lasergudsesadle agpdots ahoweeere akiledvoe rsansovith appregiate|teat the

polarfizioh tpsiiGhE cofdErrelfish o BRI ool df¥ Beam
comiinensesuld Baiadnisled Qetoriing P NOnesor SRS foRMnesrs 28 mapdlso be
20bi have orthogonal polarization directions. For

positiongeAleng peaer betbeilarenramppatie12a and fhiebsas,watrgnted to
prop%,@aﬁg{l?é;#@;ﬁgevsgﬁ@amd 508 b/ e ¥6mbhdrdagr Ppul ses 20D,

transm ssive to | aser pulses 20b
[0062]i | Bearf tamnbinee24a chnde, fgrudxaespl@ Oa polasizingngubasor a thin-film

ul ses 20a and 20b are orthogonal | ol ari zed. Beam
PO'a&?&b‘P‘P\‘BrOfMHC'? rgeony %YQ'%E"Q 9@%3%‘?@'%?% weﬂﬁfr@wrsto

skilsdPIaCOTNE; PSS pibesidtbeait ompRRT 244 MEREIAR Avantage of
minimakloas ef thgpeppuevcof lasern hdsdse20ay arid 2Alseas [ungsasslagonpulaes 20a,
0%.] oss ref er abl

f bl th [ : .
and 70 tichal 85 Rntath dpectiotte .l Ry amBLE el cimppiner 24
may beXfansRassve &iTRisBEpuldds 20avikeeflba®Ry toddkEesulseaoB N6t
20bi of orthogonally related polarization directions

alternativiedy tramsroisatyerte dasrrpulsss 20 whilg reflastive tafasgr pulses 20a, as

ong 85 A5AAE A el 200 a7 ERNRGE BATIBEICY, Bty Siibiner g s of o
prefeifial tybs is wmictethieesl istent isss oppowet ofthdubsdrdieadtisiuhdergoing
EOM 30a, such as a Pockels cell. |In sone enbodi ments,

combjpatien|in wiveh oloss duless than hakpf thesaverage pewer ghtiecheams of
h . : )

aserlisds 268 o 208 sty 8oy TORSRSRITBE, profrabty oo trr

5% lo$stanembstyprefdrablydess thas B4 ddssasBéarneronlziner 24acombines

st plEEe T8, LA of S SO R ST B o fom
com?’@%'b@aﬁ'f oﬁ'iglg?r séd boA; Qﬁ‘&l l@bi Pidplalatifgaidig é’tﬂﬁbin_e?_bceam

h
wever, s ed persons w apprecCi ate that specifi
pathtlppes of optical nodul ators 30a may be preferred for

100635 Fanihifel beAR! A s Atagoth anctEaHoRRIFE 305, anspme
embb&infémﬁ&ﬁﬂicéi m_ﬁahfétdlr&ﬂﬁ isefi ESDMBO&,%Udh&é‘é APdckemaal. In
EOM driver 50 in response to command S|(gnal s 52

somgiepadipents, pptical seedujator dRalinadiberbasedintererpmeten30a (such
as later described). Fiber-based interferometers 30a may be preferred for
embodiments that employ fiber devices such as fiber lasers or fiber amplifiers. For
convenience, some embodiments are described with reference to EOM 30a, optical
modulator 30a, or fiber-based interferometer 30a. However, skilled persons will

appreciate that specific types of optical modulators 30a may be preferred for specific
applications.
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sonme enbodi nents, EOM 30a may be sel ectively activated
to inpart hal f-wave optical retardation (I/2 voltage)

wa 200328781 ed | aser pul ses 20a2 to change t hei rPCT/US2009/038559
pol ari zation direction to match the polarization

[0064) reﬁ#%d?ﬂe %&eh@pﬁ‘a@f[ ﬁ‘\ea&b?hédem%OQ‘??gfhggeie\éﬁWIy

ctiv to | ve optical on to
actnvstebebytc&dmhnsdmgndlsds dﬁ@cﬂy bomdlrengysfrbheam EOM driver 50 in

respdfsederoBpman siaciele b4 Airbdpetiodiracips Bpagarer gontler 42. In
someﬁem%alrﬁmeotém 308 RAPER SBlcetivalylaAvatddds impar Holwave

avi n aS|ng po ari‘zation direction.

optlcpuemrdamm OM2 aoltage)i torsetrdctedhiaser pulwes'ZO@@aQ change thedr
polafyefBA R esHoh A tierolmep o ul<vefh 2% 18 Plisis G o may

be sdléctively dtatedtZiBiphroRalf- mk/ercﬁmeéplr@taraanm kd s@lected laser
| aser pul ses 20a2 and 2Cb2. illed persons will

puIS%ep%Qtedpaahéngﬁéhelapghaéliémrbdlrmqnu te matchrihe pelarization direction

jr t i f
o gl e o U A Ao 53R Ol e 200 ano
20b; haivingdatingle p@lahz&iﬁn mran@gatThegpcblhnmx@im ditectién df@der puises
driventoiggagrt hal f-wave_optical retardatjion to

20azjand; ZfiaPrepagatinoth gty theeOM 3a isginalfegiastif heyyoltags of
comIWQ gg‘n'%lzﬁgegybhéd t E%%gﬁst%%ség‘ﬁ th] %Bﬁﬁor% zérbWptichPretardation

ective egree rotati
voltageItaiaszaatpulsescﬂﬂaecanldo?ﬂbzArSlﬂ@dl persorswilbapprpaiate ttat a

v B0 A A o EAEL e G B g8 oot
voIta@@é 3ih1p7a@lts' differdhnt 8Ri0uAls ofbititalelaidatioRtE light ;ﬂ@pa?atlng through

nbodi ments descri bed bel ow operate in response
it. AB\EQMMFWQndﬂ irnpartihalfwave oplical setardationigvecident lingarly

ol B0 i i, AT L 08 5abb P ¥R o

undedgid antefmbawso degese fotaton Sﬂ\pélahzatﬂarﬁdlréi%hbﬂrv\ew driven to

for exanp m nus one-quarter wavel ength and pl us
|mpa(5tn@erg @&tt'?%'rre&?dd@i'@hb} lﬁ‘Cl‘jﬁ?ﬂF li%@a"erl?Cd?U%ﬁq Uﬁhtﬁaéiﬁ% itjtg undergo
esse?\ﬁg@ H@Ehg Qﬁf’ét ?&loﬂptﬁllﬁ\%hﬁb? PP&%H@? embodiments
uce esired I'ig out put states.

descﬁbed Ibe«tbvpepemhs uwdslpoa’ssd:o ayjtcleng ancE O Mabetiweensaenglaad half-

wavd Ppfig) *erlion, saieie o e aiensh G hAE e ORICHl retaidation

that ded%zeéélihé?&eélfe&lgﬂwt%fu Oﬁmfs%‘atég"‘%bféafe %W@ﬁm%rﬁrﬁEo%NBBtween
as a polarizer 3 I'n sone exenpl ary

for egampua MENUS onetepialrtas wavclamgtmah@pluﬂonmgua@amwawelengﬂh optical

retarﬂah ‘?S (A U@SH?E'E?QA’H ﬁgq%:}g%préa i'??'treiﬂ{g?g?’ép jes would

prodh&@m@ﬂéyré&l htiotit fth%taﬁég”e %ﬂleﬁ%ré@r&ﬁ%llﬂél@@ aFafeQzlétB Jhat the
| aser controller 42 conmmands pul se driver 40

singleralarigagion sirectipu selestezbmay e ¢ripained dyegrgnay defeimine the
poia iy YRR o BT Bl A GRSl bopept, guch o
a polatiger 324a are synchroni zed such that all of |aser

ul ses 20a2 propagati ng through EOM 30a are converted
[006%]) In some exemplary embddiments, the laser controller 42 may command

EOM driver 50 to cause EOM 30a to impart to the combined beam half-wave
retardation at a repetition rate or frequency that is the same as the repetition rate
that laser controller 42 commands pulse driver 40 to initiate laser pulses 20 from

pulsed lasers 20. In some embodiments, command signals 52 applied to EOM
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have the sane pol arization direction as that of | aser

pul ses 2Cb , and |l aser controller 42 instructs EOM
wa@leiovas7180D t o apply zero retardation voltage tRPCEOMBYEZS559

whil e | aser pul ses 2(b2 propagate through EOM 30a so

et i1 ol 84 580 B EH oL IR oo
such ltizestexll qifuhmmzwwbrbpagamgﬂrsmgrﬂm Bﬁatdne csamted to

nave 5 3o keltestianditacion asdbalvesemilises S0mand sk controller
42 ingﬂﬁ’ﬁﬁétg;ﬁ?m%r%? $8%0 Sa%%&zérébe@r@atﬁﬂ%lfa@@' té@.‘bﬁmﬁb Whﬁé laser

aser pul se ropagati ng t Arough EOM 3
pulsesr20tp@iopagate thr@uga\EOM@a;amqidhar p@bnzammdrre@ttqrmemams
aser | ses 2 er 42

unchifadd Fhebyaftpitirtes SEarpsta pailiZed Bedi, 78 MakPouster Buises

20a; 6adtags pulsd=PO30n tiEishiel psigfizAlionshifeclion2 Afeaianale
t hrough the EOM 30a so that their polarization

commanésianals $2aapked tnkQdhdewr athanesomprand sionalsH4b applied to
pu|se;cﬁ|§8§r3‘|it? a%o%&dg%%gglgg&%ﬁ\ﬁ%\ﬂ'&gaéq??%'ise@ﬁosoesbrg%atmg

aser pu e sane po IZzat 0

throu@hrM 308 alecoivientad torfavdithe samessdhsLetionedirdation as that of
mai ntaj ned" at a hal f-wave retardati on_ voltage t
%,,@;gq?y Zero

laserRuitAS $032nARR 1asan £RBHBIIeTA Sisiruls FQMGTiariagH
retar&&ﬁ’dﬂ 9(9%09%'\@ EDRN362RhHL Ya W iR D, ﬁ%%fé(fé WoughGhe EOM

petiti ate to avoid c gesmo
30a scet}mt tretii polarizatiomdirectioguieneins {I0CdedIgesktherebly pevidng a

comiie SR ¥ 5 5! LR B0 B Ay e
samé’Eb%ﬂ%aﬁderr&SﬂUndrlh‘éﬁ*ﬂhe?’@nib%dﬁ?ﬁéﬁteE@M)BOerﬁaifBé ‘hiditained” at
ulse wdth of laser pulses 20. In sone

a halémamtaﬁd@tlort Yitage! togeatldy Impsart eangesl is eptigalretardatigewhen

PR3N T B3 B S R ) Mg nanges

in opieslsenidadion whepmetréqerddnat, for strai ghtforward
ol ari zation state change applications, the conp
[006§b| aSkifled n%%nﬁsml"vannre@m that foz staighdiorvard @qiamtl%\rﬁtate

charg e B 1 BALERT BEONGIIAL piny 0t i 8o s
prefdralslqrgseéiér mari mbqrulsbthh lod ihser Ppuisels2d. yin somme embodiments,
the Al @E ) o2 et 8lsodbSiealar 188 A a tasgr pplse width
and @,)égh | R @Ewgglthg ﬁgﬁﬁﬂv\zr power that is greater than

aver of either pulsed |aser 14
[006?br ﬁhllledcp‘ermnsswdl amsetmatelth)at fposxeaaghufmmawnd @)omrzlaagn state

d | 14 d l4b d
chang8 RRHcA s, 3% 6o0Pafie Phlalired BeBan )& il PHIPEH comeoste
repefltﬁ’cﬂﬁfdté ittt is ?Feﬁatéﬁf thhAGh&lidividugiXe pKlittoreidte bR althéb fised laser
from ulse driver 40 is divided into two

14 (ormammzptéwﬁwlasgrs Hhaas dateedesarived) dSim@artméoeramhttqfwgrd

pola ik 58, S8 R, BB BTk a Bogic T i oo

a colnpbbigé aléraga power that is greater than the individual average power of
either pulsed laser 14 (or pair of pulsed lasers 14).

[0068] In an example, the pulsed lasers 14a and 14b are diode-pumped,
Q-switched solid-state lasers, each running at a repetition rate of 100 KHz. A

200 KHz external pulse signal from the pulse driver 40 is divided into two 100 KHz
signals that alternately drive the Q-switches. The laser pulses 20a and 20b may be
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conventional diode-punped solid state laser with a 4 1
MHz Qswitch may be in the range of 5 ns (nanoseconds)
W@ 2003037182 so the tinme jitter will be very snapPdT/US2009/038559
conpared to the puI se separation period. Laser pulses
: 0 I
time éllgﬁla% b&@oogjr?é co ?L%%%g%%e%rﬁng%:% %%éerrrﬂgszle |me1|tterfora
conventishat d|dﬂecmufopeddob@emt@dasengnta a epdie Q}Bwtteh enayf be in the

200 KHz with alternati ul ses havi ng._ort hogona
rang%e? §NSARANBTECRNISLID SHBS. $inesne e e ve osra@" gompared
I
to th(-ggbfge‘r’é% ard ?tfn?%érj]rﬁ)t\;io%‘a;\gég plu %%@a%gaﬁch?@ ses %Sﬂhbﬁorﬁal

polarizarhpaghﬂeetwms @uglcoibined by beameccantzloer R#ito poothupei a eombined

| a d b I .
beanyfp@opieoieeation tedt 2R Hith ABrigind mfises Bg ortpogonal
polariitiBhiFieetiGeanESM 80hiiy Aaintained AeshdMvage rERirdatRirddfitage

power and tw ce the repetition rate of either |8ul sed

and thesewitthed to aegyo setaedalipmnaiage vdierdareapilses 208 prepagate

oo Y65 8 0, SO Sl S 6ot SR g e

polariatioptdieetion Wisitiedt ¢filagerasulsdy020b.aFhé compdsité poRirizellbeam
pul se wdth, and input-output jitter of |ess than 200
effecpgelywewdw twige therprepgpenawersind iwice theepetitiom eate shpither
50, skilled persons woul d appreciate that EOV
puls 'a\éggzl"t heoretically provide EOM pul ses at up to
[Oosa'pouSomelﬂorMéntloa@Id{@M dniverab@ axetdhasactéiGddoy ap operating

volta tigo At B EAKIWp L. daspriisTeiale B e aDBHES B2 optical
switcPdHak 'aé%tﬂo%sa$ 5l @ vatRdid F@Igé wiah0 aWnﬁlIt—cﬁﬂﬁ&tﬁftter of less

solid state lasers are facilitated. The conposit
than @260apsi. 28/ithissveT aprovemeatsionisabf gddjtional & drfvers 50, skilled

s oo RB WA O AR M Ral P ot pises at p

to abBt @ 1IOKIHZYepEtitidry Rité with dRECM IpD%‘él wideH) &dichla@ND0 ns, that is
conbi ned beam path 16, preferab downst r eam of EOM

greatméh%mmm@mswlégmnttﬁﬂ it éﬁalswaand pulse gnergy egeaiization
as laRy ciéo%ﬂb ‘Q"clr fa?@ﬁggl?d &b fa@@Fﬁ 2 f?ﬁﬁ*tét@&eﬁ'ﬁejc%mposne

O em arnoni ¢ wave
polabzed héairacrfawbahammcﬂlmnvﬁﬁaﬂvfedesnteﬂere may be

advant ages to converti t he wavel en ths after | aser
[007Q], sél!'ﬂztrée'@ﬁ&ef@a'rhtoeﬁg%rﬂb.aﬁ&imW% '3 c%iqoe\'ﬁé%ﬁ&

such'%‘sp&'?éj bPthd?8 nbRfindit G QSRS rrPJy 1 PSél |@ﬁﬂgsfo§1'§?§m§’$iné@%eam

rnoni ¢ converter crystals,
pathd@nwmkmbl%éowagtrémnpﬂsﬁ@Mcﬁ(kdamﬂ)dnwnsmdf polgrizeoB2a, if it is

e beam c nbi ner 4 positjoned ong t he

pres ol BeanaAtih SRRIe Sy 113t FNIS [Aar e haEH: iF RreRted to
emlt%aﬂﬂﬁn% waVasRgths YSUcs BY itRikalily B8iveasiBhOHdWwever, there may

pol ari zer 32a, positioned al ong the conbi ned beam path
be admwtgge%@w@ive}mmg theawavelengths after laser pulses 20a and 20b are
combined into a composite beam. Depending on the hardiness or other properties of
the harmonic converter crystals, a single harmonic converter 58 may be positioned
downstream of most or all of the beam combiners 24 positioned along the combined
beam path 16.
[0071] With reference to FIGS. 1 and 2, laser systems 10 and 60 may employ a
polarizer 32a, positioned along the combined beam path downstream of EOM 30a, in

coordination with optical retardation changes provided by EOM 30a to block any
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coordination with optical retardati on changes provi ded
by EOM 30a to bl ock anysel ected | aser pulse 20 from
w@e@pas@Esi ng to a work piece (not shown). |In erRE€NpPEAINY038559
enbodi nents, polarizer 32a nay be an absorptive
{
selecgé’éie %{sﬁ??klesé?g}ﬁe&ﬂg?rbﬁaga |ot% tr@ﬁ%&ﬂﬁ&f&@%@. IR@%emplary
embcsmmeots ipelamzleaBIZa enwb)bbaunleﬂnso[mﬂréa:}olamzescwlected to pass only

tlons | aser control.ler, 42 ordi na
laserReR A L PR e e BORTIZBRR SIRES PR LR, ol COMHaRE polarized

beant9gmand to be in coincidence with |asers pulses 20

fromone of the pulsed | asers 14, having for exaqg
[0072} slpsomae |imale|rraﬂntettimse Iaaerppotrokbm 42hmayeeordinate EOM pulses

resp iRy 4 Cpr AN Lipediv feigcefiendlo BE I B8R0 BEReR Wtasers

pulse R frorEdne sbthelifissd RRBEY 4 | RivirfoRlexamph® hh @sdladzation
pul se picking subcontroller 54 may be adapted to _be to

statedp pypvide dfie comepsilp PosARdhgarwhe ehbeaiylager pulses 20a and 20b

havi@%ﬁg&ﬂ?ﬁf‘aﬁ%n s\ég{?st@?%%%?éythF&{bg‘{/ﬁ%l.bﬁfbrrﬁae Laser controller

42 ompaxh apticradliaqpulsd pivging wbmyitrsnérem athyl s adagted $e bedwipngvide
the s-polarizatjon so that the downstre ol ari

an inggret Cofripare (weick dnake sUpelimRosed O&hklér%%&swlr%@,%tfﬂon rate

comrg\gﬁﬂ P Eﬁjée%; 90 b3 fo ?fd&@?ﬁg?&%&%éﬁbh%%r fo Qﬁyselected

ionall'y or terna adapted to provid
lasenpuse haviag dipe sqmlammtlancwtmehmmmtmmptarzer hh@pkg the

T

suchnﬁ@lléHﬂﬂﬁky%dﬁtfdMW oP angﬁfawglytﬂérwe@@d BFovicRs a:b?@actlve
[0073] In sonme alternative inpleéenmentations, polarizer

opticgbeetanghatioe-change eamroang tsmpwlms%tlarc!ﬁnog@amefwdiﬁg@ﬁ@ EOM 30

o el By A5 el P BRI AT, Bzt from

propagatimpihré@jtapelatizen3dznange by the EOM 30a and | aser
controller 42 may coordi nate EOM pul ses responsive to
[007§] coHLSQIRe qn@ﬂ'@qvﬁl g leraertatignseitianizer 323 ray be adapted to

bloclf %s@??ﬂ%ﬁg%o‘%rﬂ on ?Scffrp%lé?éa I?@érsz'fh fHaQ:’Hg?II'&? e%%ﬁ% skd

havi n or "exanple S- po zat | state
p- potamzatum stte rthhyanerrmtambjemmmomn)tm rétardatipnabagge ibyghe

Eon, 3B BRshtomtier A manep oRmaAte RsDdas (gopat e o

consEY réﬁéﬁfoqﬁta'té’l?orﬁmﬂﬁott% fredbhscidersd With esbeaps 9\4|s@§¥0)‘from

-polarized | aser pul se to propagate through pol ari zer
one GPpylsedhthsens 14 nhaving far e;«ampiﬁanm -polgrizaticrcsfate to consistently
ation change to_al

initiall :
preve Rt idarusts fiafirophPadia B¥idPadBhes: .l bidimalemeptation.
the ptéactiielbtith| Ftaldatien ePange Toirhand mitités ECOM réRtd4tidnschange
pi cking control may be responsive to position data.

to cauisern seleetedinjaviouslyp-parizedlasenpiisgtte preragaie dhrogah polarizer
32a; aa”1d| tﬁe |h{éhu@ﬁc%nﬁ%ﬂr&%n%ﬁb*ﬂ%@tﬁ?Eaﬁ&?ﬁh%éé t&‘él?oQN the

‘appreci ate var
selected initially s-polarized laser pulse to propagate through polarizer 32a.

[0074] Skilled persons will appreciate that pulse picking control may be
responsive to position data. Such data might, for example, indicate the location of
an IC link to be severed. Skilled persons will also appreciate that a variety of control
schemes and electronics could be employed to implement pulse picking using EOM

30a and polarizer 32a and coordinate or synchronize pulse picking with laser pulse
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schenes and el ectronics could be enpl oyed to inpl enent
pul se picking using EOM 30a and pol ari zer 32a and
w@owpdsmst e or synchroni ze pul se picking wth PEEE8£2009/038559
pul seinitiation. For exanple, the pul se picking
t e [ ;
nitaft, FO) MR &b FUGIE e BRY g an ifSSfated portion of
laserajoptretiecd 2 SkEHEd @WHIMlWIIy apprecidte dnatd dowhgtream

oM Goyfi Bl enl B rPloyeB e PRrBim ke BRsGTo T8F Aleat tat such
AOM &5ld B8 pirate féﬁt&mo%fghvtﬁ HenBf #h3SBefidrPRie bp%ﬂﬁﬁ% laser

request ed propagaté to a work piece). [0075]
pulsese(fpeisemeqagsted to prapagate fo atwork pirge)syst em 10 and any

oorgf, < DirSieiEnte Soak BTG nf aRBTRvtem FlRed By il &

subs@ademnedéwmeaIlé@r%vgfem@cmwguy hé sEAIER UpXBTitraaYe the
enbodinments, scaling up can be inplenented by adding

compgitegepaitian wée andfthe composiie pYe@deIRPWel. HB SRIMEoMIMRIATY

embgéli s, ENi r@up%‘%n‘i% |hiﬁ1&#1eﬁf@ddbe§;%5%;ﬂ%%)e o \tdiof a

e poI nts, scaling up
pulsetﬁbasbeMLC@ beain cdmbinby 24dah EQMi30ghe optibsaldolt mlrmrm 2& and

single |aser_14 or paired sets containin airs
an OPtépJal 90@412%32cm?r%§ﬁr%%5m¢@.t%§pa lingue %wp e Fase%mphshed by

adduﬁ‘%se e ang:Bt’ILe 8RG8 Gastt 14 ShpAFkl M8 RBhRIMAg pairs of

npos te average power nay
Iaserap1p1r @x cnmbmainwylsrthleneopl €hos, the dasegsypleme 6 co'lu'h:bbe scaled up

wit 88 oLBiers of Bisgr AnF RET RS 6 2V BBt Bk AL gPpepimate any
mu|tblé6016@lﬁérég@ P@WeﬁﬁtTﬁ@ BBAiiIBAABsdtRNidNéNtS ®agHe mme types
or have difrerent properties fromthose used in the

of coppanentsiseppariiag ge basic lager sysiepr 40, embeaglgitianghset

comi RN Bkl B e B ca

the basioaber sys¥M6]0. Aesr exarple cthedaduiicred sesaay pladde diffesent
| aser pul ses 20c that propagate along a beam path 12a2
WaV¢'ﬁ'ﬁ@h§e@‘ﬂ‘Pﬁ Yidthpeayaragerpomers, Jepetitipr rates, Qrbgam waists, for
exa itioned al ong conbi ned beam path 16a downstream of
30a. Beam conbi ner 24b may be positioned either
[0076]3\/\/n§br eaamole, mnallsaﬂlasef 1pa) emits ease’s?m&astéamrmmgroquagate

alongI o, Ch&ﬁ %é‘%tﬁw@?ég @é\% vl ag& g%e;(t?%aga positioned
anné%ﬁﬂM&ﬁﬂé% dﬁ?ﬁ%ﬁmﬂﬁ%a%@f EbM @@é‘”B%QH@b&ﬁbm%ﬂmb may

EOM 30b are positioned upstream of polarizer
be positionedh etilieli dawnsiteapo baupsteears 2 potanizet Baamdelpeadmgmbde&gn

choigpd eIl SR8 SRR SR S B Rigliphaiom so0 i

posifidRit dowRstiBdnm onBeaOdombiner 282D Ifdans toedine? 24bANBEOM 30b

may be desirable to facilitate pul se picking functions

are Rgsﬂqugmstregm/pfgwaﬁw ¥a, thespan addiiong! pelarizer 32b
dowﬁﬁpeeal?ﬁ%g%@M %@M rﬂé)'/ Bsrre&ﬂﬁéarﬁhwmever, if beam combiner 24b and

EOM 30b are positioned downstream of polarizer 32a, then an additional polarizer
32b downstream of EOM 30b may be desirable to facilitate pulse picking functions of
EOM 30b. EOM 30b may be responsive to an independent EOM driver (not shown)
that receives commands from laser controller 42 and optional pulse picking

subcontroller 54, or EOM 30b may be responsive to a shared EOM driver 50. The
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that receives commands from | aser controller 42 and

opti onal pul se picking subcontroller 54, or EOM 30b
woreapoha718esponsi ve to a shared EOM dri ver 50. A¢EpsiosgaBsssso

| aser may be responsive to a separate pul se driver or

I
pulsetPisBray WORSRUE 16 3Ball Yo dhiver & frdy b réRiive to
pulséd i:llk\aarttme out put of a SI ngl e pul sed | aser with respect
e EOM 30b,. and | aser uI ses be treated .
[007.}] ke ”(li’\%%%oeﬁaé'%eﬁ@ﬁﬂoﬁ' %'é”F%gEPamSﬁF?'éHeﬁ@aé%%gke the
outplWI df'a éﬁﬁ?l@(’}fd cﬁla@@i"@?’(ﬁ rre%@ﬁ t6 AREEOM b@SSar?@FasEP}SuB%s 20c

terna aser pu ses of conposi t
can tpmtraateziddkeﬁbasa ¢Ba (seocmmd pulseddagssr Sivlladepersoms Wzslls@wpremate

nowdil 3531895 ATRp 0 Bk A ) B o3 composte

polariZf hetrh &8 (Hurcrﬂll‘sé“soﬁrcbyﬁﬂi) eoPlabeeplsey 20€ fay¥be plidl in a

driver(s) 50, and optional pul se pi cki ng

rotatioppwitintaser pelses 208.and2Qr ihegepWsesper @xcée)arha@er pgutr@l]er 42

can Ay TR e REPAS, Mo 3 g IR A i
subcbﬁﬁﬁﬁl@(ﬁ)’fﬂmraomeve?éltr@ﬂcaﬁarl@,n optional fold

mrror(s) 26, and an optional polarizer 32 can be
[0078hdeln #m exerpiaTy gmbadimgntpelsho, seseadARE FyPRequent

addlﬂlcma%éf% fsaﬁﬁ’lgpan%%dqﬂag‘g%gﬁ‘?%bi t2'3'eai51 A optional

reviously descr n ot her éexenplary
fold mrrtm(lb)rﬁﬁmasnd auapticaal pblaneei 32 das bedaddedds a mrFﬂgGratlnn where

|on . set can be d I n_pai.r exanp
eacthparh sobis ipsseds EoubinzetpeqiniPas 16 e iSRRG LR inpr as
prev@hgggjég@ﬁgé@ath 12a2 that intersects beam conbi ner

and a pul sed | aser 14b2 emts | aser pulses 2Cd

[0078} op knyathen gxamptagy leszhadiments] such anshowntiedesbed linesiin FIG. 1,

s BB o158 By oA, ESPkA g POBE Y 5B e

puls@é 20¢ ﬁ?ﬁgaﬂﬁ AR D& fpaliﬁdZéptHalﬂirﬂél%%cts tﬁéarE@M'rﬂimé’r 24a
3 ncfdl ons as EOM 30a to chan 2

and wuéﬁqdzlawrohﬂm qrais lasar pulses 2RdPropagsd legag begm path 12b,
that @g%@%ﬁtgtﬂe;a@? cObirde? 2259 WHiEn %%Pfq&%ﬁbﬁ %xQ&\fé%é@%mb&ﬁﬂBmer

|ntersect ‘an opt olari z
243, [t0 pBdadats dysepnluises mcarwmb&éld)ngrmmgaee bearmmtpomate

interbGtan EOM B85 HEOR OB IBRISTRAD SO DedopBanpe §je pOfarization
dlrecﬁ‘i'oﬁ'?ﬂ chRe a@@F BulkEy 2b9 rﬁﬂrgﬂfstesbﬁﬁmo idee] c@rﬁ?gsite

is a posi tioned al ong conbi ned beam path
poladmdwbeama‘rﬁbomaEmySO@rsm agi apdigpakpolatizen 31a2. beam

10083 B8k BSeH, B3 HhaA bPRERe He U5PefsR) 4 e 100
i AROYSI BRI OR 0l e sl b 19
along bepmpath2ifip to) |ﬂte@%%ghbeam combiner 24b that is also positioned along
combined beam path 16 downstream of EOM 30a. As discussed earlier, beam
combiner 24b may be positioned either downstream or upstream of polarizer 32a,
depending on design choice and intended system applications. In either case,
additional EOM 30b is positioned downstream of beam combiner 24b. If beam
combiner 24b and EOM 30b are positioned upstream of polarizer 32a, then an
additional polarizer 32b downstream of EOM 30b may be redundant. However, if

beam combiner 24b and EOM 30b are positioned downstream of polarizer 32a, then
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conbi ner 24b and EOM 30b are positioned upstream of

pol ari zer 32a, then an additional polarizer 32b
waelommasrieam of EOM 30b may be redundant. HowevRCT/US$009/038559

beam conbi ner 24b and EOM 30b are positioned

om o087 558128 BB Sl 3 g 105 syt
pulsd plcf(laglfhncttéttn% dﬂE@M 30kc kkitled porsanswill Gpr@éta(waever that

|l ed persons Wi preci ate however that EOM 30b
EO Mn’é%n%q ngkbe yaed f%rp%{)ﬁ RickipgdunalPrisy s funciions aen

25140Vt 5 SOty S 3 360 FDALKS e o

an indepmaader(trEﬁMsdrweanatrﬁnbwre¢tmt\xeeewesmamm$aridsofmmda$r

T PIA R X IR A T I .

be resph&ive Y6 a shared BOM driseH50 aF8E pulstladsd 1]4@9?ariaa‘V4tQQnay be

responsive to a separate pul se driver or nmay
respcprmyfomsa sepa@teplise diiviever may.bg oopensive t@@yise driver 40.

008" 30 oBSPRERL L5 pRobay bSalsRERRB S €88 i SR oaed

like th@&b@tmt\&f réspectipe eingleop HSBH d¥ars ithirebpédt t6 @EGME0b, such that
| aser pul ses 20a3 and 2Cb3 are alternated with sets_of

sets phlaser pulpgﬁgoe@anaﬂgbzw amrnatqﬁiamtnéﬁ;s oftlagen pidegs 20c and

204 ANGFR1FRY, BE LRI o) T WBEAF B0 el o
asa Eéljuemzesleavmg)l‘aseolphlses@a@mmn Q@0bgj avad 20d.heaper comtroller 42 can

coor b T A 8B, BB RO e s

subc%ﬁﬁBF?ér'( 54Elg\§ch?’&/é3éifhé|s%8n9ﬁo ugesg QOIQfaﬂVéléi@ b8 LUséG to provide
equal 1 zat1 on and pul se shaping and act as hi gh speed

pulses aqualeaatnon angdqiudse shapjpeandsadt aser hlgbweed@buttgomstem
. an exenplary | aser system 60 for

tngg% %?/Iai? n%esg Qgﬁ'posn te polarized beam 18 with shaped

[008%]8I SE$G. X\shbws ehesx@ngslafydaseiSystdmBTfo? proviging asosrhpatite

i ncl udes man nponents correspondi ng to those

poladzaspeam 18 \@th §Kam puelsageNVith eaferenge te biless pangl hdaser
systé:rﬂ %Oﬂﬁl'%éﬁlpﬁé’ e?o?ﬁﬂo*eﬁ'ﬁg FSﬁﬁg‘béﬁH h ‘?o %&ﬁ'{ A6, 1. For

nuner a e COﬁ'p ne

conventdncegtt&eéorl‘@penb&@mdmpdirtaﬂs have beerpllatmlw withGh83hme
Wth reference to FIG one or both of E 30c

nd
referseﬁe nyEeralg: WWﬂVﬁ?feg}?@éval@ GRNBPNIES & HrEcScaing @9&%@ been

rovi de the pul se picking functions of EOM
Omlt%gaf,&slg?n%es 'r able. Alternatively, EOw 30a, 30c, and

[0083Dd Wéigh esfetenice terlFrlﬂBo?,e@é or bathstﬁ&@b(lseﬁ(}qm 80dh, paired with

respRierpolafifern Seean ALEEY e FoPieviB e filse picking

funcﬁ&r@bm@waea Eﬁ%ﬁ%é SAﬁ@fﬁiaﬂvéﬁ E@JM@gbéesau @hkiEDd may each
and EOM 3Qd i's enpl oyed f pul Se shape tail oring

be e(rplleyedcior la@@ppmtgéwn@hvapwhg}eloffort exarpplepEGA S0alisgmployed for
polaﬁ%tlso%sstape phaseogﬂja% ettS e%%%égmtc%n%iggiign? EOM 30c is employed
for pulse picking, and EOM 30d is employed for pulse shape tailoring (also called
pulsed shaping) of the propagated laser pulses 20 in composite beam 18 to provide
shaped or tailored pulses 64.

[0084] Skilled persons will appreciate that all three functions of beam
combination, pulse picking, and pulse shaping may be performed by a single EOM

30a. However, skilled persons are also aware that different types of electro-optical
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shaped or tailored pul ses 64. [0084] Skilled persons

wi Il appreciate that all three functions of beam
w@ooobisEs: on, pul se picking, and pul se shapi ngpCEYS1969/038559

performed by a single EOM 30a. However, skilled

I8 615, L3RpBNBYn EXTs 5! OE e gt
propdrtidys, a’iﬁﬁsorﬁece,lecamloﬁ%l beystal dtiell§ 62amil bp_rbmtewuﬂaed farsdbme
appligafiansdab OURsRESer eadiiestt Bifierntsiabls 3001 dilfgrent types of
EOM@%‘)}/Q@&%S@EB&% %'h Sridie E@MQ{rlv@r fsb%yr%@baFaMQ‘Efblﬂfdrﬁ@é 50 of

ponsive to a sing EOM driver 50 or
the sameaoratiffeiedityesy én sose @ﬁbodmesrasreEGM diiiiefre 5@rare selected

enb M dr i
basel frce ViEEVRItEGR AL e TIon U BPIeE e oM Bfistalype
[0o8s|i t Rits &3 SRsws BR eli@Mpcréry%fcalabw ﬁféstérQSib%ﬁFbtd?l gewet drheiier

an exenpl ary scal abl e master oscill ator power

(MOR#vplaiser eystemiigpmipiaying wﬁtf@mtmaéﬁ@pajwht@ of an optical

T

shapiig)i Wil Fefeleants FGI Bgl)aser\/%)tshemeﬁeainerwestrﬂarﬂ édmponents
| aser system 66 i ncl udes many rT:oonents correspondi ng
CorTesBORHEdo dRRASHONTEIHCS. haRd 2. Fatgon/enieBne dhee, the

corre&&é@&nﬁgf ol edr@e?l?é'ﬂé’vrbepéén !{%\é?e@\?/ﬁﬂ th QSJn%q'ngrEncé Pﬁrrnerals;

numer a owever e conponents
howesxea,l ﬂweg:dnmdu@forsnahngaua\fe)beem opliited for. suhﬁmﬁfy] Wth

e

in wfﬁ@r?ﬂul'séa %s%r%%%n@iuﬁl#'éré §eé§j I%\§8F§ \Mhé’ée & tﬁﬁi léadnlé(:tl
directed through a power anplifier 68, such as a

eventugilyiditested @e@t@gh apower apwpliier é&pﬂsud\ ag 8 fibgr ammdjﬂwu&eed

aser§? BobBt ERIRES o Bntf QPR lllghfbleai s ngwiosed

pracﬁtﬁfﬁé@@%s@fe@al@@ﬁiplb@ehﬁﬂ@f ind fhéi;‘étcajmpor’r_éms‘ral'@déscnbe later
pul sed seed | aser sources include, but are not Ii

ed
in detajl. Bxgrsplapbauisad sged JasessoyEsRSInaiuge by ay@moééguted to pulse
o G RARYR 8ol 48610 b85eks L gfiEDagaL) BsBle dher iodes.

solldfﬂaﬂeﬂahmeandﬁ ﬂbealaeemtE*emplqupbwer admplifiers§8 intiueesbut are

not I|§1+%td()t2>|, ﬁlp l}%yfglrp eromalgpé;:nlésg% Xi t{e@@%%lfﬁqaﬁe so}c? state amplifiers,

or hvBYias 1k lole ng functl ons of l|aser controller 42 and
' YBYUII se %rél ver 40 may be integrated into a synchronized

[008L1I sdhdrsynehronizng flwictiors of esaneonisolr d@crdypuise driver 40 may

be mé%g'la q_cf;@g tog&ﬁ' S%%dlga %ar p\éqréﬁggqj@f)tgh%%@gagﬁs%rectly or

mdw@@tty' t@admée&plaaémi 8nd \optisd Aeduhicy J0ae Lidsapsydtem 681akb
in only one direction. [0088] Skilled persons

prefeucabiy erpploys aatapticakisolatary G whieh peamitniedeanspission of light in
only Bﬁrefa‘?rregﬁgn.

[0088] Skilled persons will appreciate that some pulse shaping can be performed
by modulating the power supplied to the seed lasers. However, optical modulator
30a (or EOMs 30c and/or 30d, not shown in this figure) can be employed to provide
shaped pulses 64a and 64b and their respective amplified, shaped output pulses
64a, and 64b,. Modulation of the seed laser power supply may also be coordinated

with EOM pulse shaping techniques to effect hybrid pulse shapes.
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by nodul ating the power supplied to the seed | asers.

However, optical nodul ator 30a (or EOVs 30c and/or
w@aw9/18ms2 shown in this figure) can be enpl oyePCT/0S2009/038559

provi de shaped pul ses 64a and 64b and their respective

ouad) 88 pe AR e B P L B s s
ata d]?@tfedt Im:*agdn \émtdh aECMbE glbeans pathisni, Eelallmpamem oo downstream
of theiaaﬁ?%td. @rlétﬁaggﬁgﬁ@eape?ﬁei 8&%?%9? %%@/ ﬁ'ge %forgfq?'amﬂ”ﬁ'er may
alterr‘géélvélﬂé Ln‘?é%rﬁfed iﬂgf" binBlsed3Hssy rﬂ%ﬁ@ieong beam paths 12,

stream of e optical nodul ator
[009%)0a hnecbrm examplef add-spitched solid-3kzde |aRes, spmhms NapiVOi, a8

selecirt'r%% a? @t &P%%v ecb ?‘{FSSHBang%pﬁtélgg 5\/1@13 gﬁlerganoassé%onds to
tens éphérﬁ’os“écéhés | Mmumséﬁewnwfﬁéte Wﬁh §€§b‘?@b§l§e&§ Plse

ul sed seed | aser havin lse wid froma few
stability b acennvestional tQ-switghe d ped NdaW@urIﬁ pbPuteb00 KHz due

to el ok 83t ER skl PrarihE dulih Rbeling el toam
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br oadeni ng, spectrum chi rp, har noni ¢ and
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[0092Fed Fils 04leRows an alternative exemplary scalable MOPA laser system 76
employing multifunctional capabilities of an optical modulator 30a including beam
combination and pulse picking (and optionally beam shaping). FIG. 4 is similar in
many respects to FIG. 3; therefore, for convenience, many of the corresponding
components have been labeled with the same reference numerals. Also for

convenience, the sets of beam combiners 24 and optical modulators 30 have been
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[0092] FIG 4 shows an alternative exenplary scal abl e
MOPA | aser system 76 enpl oying nultifunctional

w@apahs1i81i es of an optical nodul ator 30a i nclBdi/N§R009/038559
beam conbi nati on and pul se picking (and optionally
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t 76 . additi | fi
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With eéferdride RTGY.i3eind 8, WeVpusidremnpifiers 68 ke predBpifiers 68 may be

anplifier 68 and an additional optical isolator 70.
emplpyed in sipglecstpges paip mukiglepstages.abl y enpl oy a

foosdt 1L apA iR 78156 BEPAF N ASREREOEL TR hat iy pgsitioned
dowrztream ehthlei FIPACF/88 aptical amplifierf18:r Skiféd peysdps will recall that

harn%%&{n?&g@@ﬁ%éﬁ% ghégpgggélg reetlpﬁr;qitgjygdl t:y%ri%g%iasdes along the

num%r%}]égg%% pathsidsirelidu Rﬁrhéhﬁ’cﬂgééj gﬁ%@té& 18§ of Ql?erlniative

SS optical anplifier 7 'ed persons w
harmoagagéneration pasition; as welasrsoene Easoningsadvacating fe altepratives,

ositioned at variQus ages al.on nunmer,ous beam
are diSSented Bgs Bleaiiutdenapt BREuSei et R LR ARPRLRSR
[0098] t EFTGL S YRoWARTEDM IE ORIt bh W iRffiéheRtdd iR H@hbepsf laser
some reasoni ng advocating for alternatives, are

pulse)sligieg syste magrabodimenisdeaerihashbelpwHodireduesstadarast lasenpulse

outn 3£ QA0 i B - By AT PR B PRbEE difprizc
beare ob denpaises POsenmitiedbybe palsetidasuraducee 14l Egatb-bptica crystal
EOM 30 includes an, el ectro-optica

| t put. |
cell &% yas aleckibies €2 te which dds QupubSignRlear.diiyeh EipMisy 74 of EOM
-] ' : 14.
o 395U P RILED Boghdi nEeh et Eaeeny’ S,
[0096hi cTherEOMsAM gart be mpus sf KDPIKDYBr ADP, &D*P; RTR} RTA, BBO,
LiNbDiepiahet piep SrticabBatasian S Blererbhonerod ot Righigepetiion
rated 'GP Qlentids. EOIR 3PRR c&%g%nﬂﬂ?ﬂla%ptﬁ%@eﬁnﬁ@%’wéﬂrknown

other el ectro-optical materials that preferably _
to skilledrpractitioneins.gRrefepred iferimmot BOBs 30 irf seme embedimerEvpclude

30 are commnly avail tical,eleqents well kno
PockEls 84/ ISR b TR A VR RP edfieiLte AERIbR e Siempas0Eom
applicBtiGsBrecdiB QG sERINA Jurthr! dedgil. Pockel s cel |'s. Sone

exenpl ary EOVs 30, as well as additional exenplar

[009Z]pI Qe xamplarat agiuilabieselecire-opticalrsystakeell 62 I @bﬁgg{e 4
BBo?g&lk?ﬁng@! &gﬁ%{é&ﬁ%htb%lgvgllaﬁﬁtdr%ﬁpé, 5@ Highisidheffld, OH.
The LightGate 4 cell can operate at 100 KHz, and its geometry minimizes the drive
voltage to about 1.3 KV quarter-wave retardation at 355 nm. The LightGate 4 cell
has only 4 pf capacitance, which provides a possibility of less than 2 ns rise and fall
optical response times. One example of suitable driver circuitry 74 is a high-voltage,
fast switching time Pockels cell driver that is available from Bergmann Messegeraete

Entwicklung, KG, Murnau, Germany. This Pockels cell driver may have some or all
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BBO Pockel s cell manufactured by C evel and Crystals,

Inc., Hi ghland Heights, OH The LightGate 4 cell can
woperasasat 100 KHz, and its geonetry m ni m zeRCT/082009/038559
drive voltage to about 1.3 KV quarter-wave retardation
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becoftd §- p@krlztehe(slpiﬁ)e 'Wheh sedriveevaliagel applied to efevtrogiest7 of BBO
and pass through polarizer 32. When a quarter-wave
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rection o rotates 9 rees a econe

s-pol ari zed (s-pol). T\hsin[¢n/dy (W,y]ol tage appl ied to
el ectrodes 72 of BBO crystal cell 62 is between 0 and
Wherﬁh-'é'sqﬁbﬁrtf%}swen \%medl@ger Pﬁ%’“ﬁm iPSlarger 53! ¥i$ thejvoltage

f
copiE 35 SIRUHES 00 IS5t ERBLIREARS?Sh T e v vave
voltageere T is the transm ssion of the |aser beamfrom
00§ 55 Btoe bt e e SRLARA B g o o
30 pfdWRids3a l‘a‘s‘é@bﬁls\é@ﬁa@ﬂ% fuﬁw@@@r‘?] TRasRHcaN, ttl'i@trﬁﬁ@t’ﬁ%smn of

expr essi on, he controll able transm ssi on,
elect&n}optloahQﬂwalacellaﬁ;%an@pbbélzsrsaw ngnfb@rahmmﬁ% 100% FIG 6

showls (8 &rdrifles i sosiile 3RS pIEe ShaBee SRS Bdfplegiepresent
modiﬁ@Qﬂ/end:(bﬁas@r U] lh‘é@m@@ﬁhb@p@lénﬁélﬁﬁi étbfé lsagkas laser
pul se shapes. These exanpl es represent nodif i cations

pU|S%‘~F 20adbat isinonserved indhe ﬁgrr@mdq@cplenw aearzla‘t& onkillgdpersons
will a@% ngmne Cﬁcﬂﬁ erﬁ?h‘é Ia%gf"ggfsgg I\/ﬁggﬂ@%ﬁh%ﬁgnéﬂ?cflgﬁzatlon state,

ar| ze eam er so
sucheaplager pﬂlseh@ﬂbvtﬂe EOM vdltagel raedlflcawdnwewohld\bm@vehed (such as

SublRSHV PRBCLIANAAITEGR ot SIS SRS Sh R Sacby
appl lﬁﬁ]"fﬁ‘e ?rﬁleﬁ'éBtE@M r%r‘\»ﬁat\)é%m{é“%%@ﬂ%éﬂ t?f@t?)uf Bulggto?'tﬂé

I'ar out put pul se shapes apply
compositer padrizohvbeamveauldacgiie tine, samwe tailored aulse l,ﬂhppe

[001BUi S?—'I@T 6tsn8ws as column (a) one example of pulse shaping, in which the

transmission changes from 0% to 100% with less than a 2 ns rise time for the laser
pulse to reach its peak and thereby provide a fast rising leading edge of the laser
puise. Skilled persons will recognize that in an alternative arrangement, known to

the art as a double-pass configuration, a quarter-wave voltage may be employed to
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conposite pol ari zed beam coul d acquire the sane
tailored pul se shape. [00100] FIG 6 shows as col umm
w@ 200908ms8exanpl e of pul se shaping, in which theCT/US2009/038559
transm ssi on changes from0%to 100%wth |ess than a
achiege B E R SVERof fifaafph TR0 RS rdInfs TR ER ey o

gainddla@tethewxpease Skgldater mrceﬁaﬁgnmérht doﬁnpigxi'tyze that in an
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100161, cReancral s pedeIAsRg e vl caRASIRER Of e
cletEoB Y5 pb 5 e BEAHTE o Ao 6 SRUIER s,
and averalheleeljpahpewef comssmptiono ptdweer valtaggransincapacitance of the

conplexity. [00101] Rise and fall. tines are related to
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the repetition rates, and overall electrical power
that BB@samBRﬂ'Bne.xmtdmefubmatﬂj@l gharactgiistics fordepigmentation in

o ISR bR P P
Verldg) etatbedbr 8 ienifuditial eRictroispticapos!t mnwhicHithe bledtritfisio ns

w1l recognize that BBO and RTP exhi bit useful o
appligd paraliel te e elystal pRYG XS @HA in e samstdiiacyan jag the incident
- C - 0Pk cal I [ g-
igh, S RRoe B a0 RESPIES volded i L) of length. |
by longitudinal electro-optical cell in which the

electric field is applied parajlel to the crystal

optic axis and in thedsa@/ HnpéeMon as the incident

Liight -~ that phase difference, d, is related to the
Whergp}%l_igbl' voltage in a crystal of length, I, by d =

[0100Rp/ ) bidin hddf-waveeretardation Ea Pockéle el jprddusdst aphase
__half-wave retardation, a Pockels cell produces a phase
differgnee drenc dn dhis cpse.ifar ingaslypalarizedlightingidentonbhed?eckels cell,

ne oG5 P SoBPESTOR B b P HbabFta
00 degreasi Bytihedrpoeitiinest payarfiingl epticewell Riiowndw thoaat therPockels

o} ofpoI arizing optics well known in the art, the
cell qapdfiBrionas B \hRgewrestrlied artical yopduigier c KREFRNFARKPresses the

ek c
transt‘?r%élﬁﬁ T”(?’%%ﬁrﬁfﬁ%‘a gggﬁgﬁﬁgqéevg@égsses t he

ransni s's such a device as: T =
sin2[ (p/ 2) (VIV 1/ 2)]T wéief[ev/2)feNh@)]f - wave vol tage is

given by V1/2 = 1/2n0 3r63. [0101] ,For a transverse

wherg|the wane veltageris givan BeVi, =iM20dileeh t he el ectric

o104} © Eggﬁ]t%?ﬁgéﬁgl HELREIBYCH Ay ée%g}n\*}gﬂféh;;ﬁé%ie%@ricoﬁeld is
applied perpendicularly to the direction of the beam, the half-wave voltage is given
by

Vi = Ad/2ng’resl.
[0102] This type of electro optical crystal cell has the useful attribute that the half-
wave voltage depends on the ratio of crystal thickness to length and, by proper
selection of these parameters, electro optical crystal cells may be designed that
operate at lower applied voltages than those applied to longitudinal electro optical

crystal cells to achieve a given phase difference.
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V172 = 1d/2n0 3r63l . [0102] This type of electro

optical crystal cell has the useful attribute that the
whadobmsnie2 vol t age depends on the rati o of crysP@l/US2009/038559
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princi pal resonance frequencies his is especially

pulse, whiclhcoatainssmany Sieqeney eempenents thatextenghjn-tiequency well
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are iplaentan (iR dest MUENKIRcE (E MG o a-bRlCATGRRA R oF that s
desu;fr{a?le;"ife tro' %S?fﬁ’t.t_gr%gﬁpésﬁ?és%v gidgro%{rgﬁg%‘é’é"rc&ﬁput',:ﬂﬂs 08¢k o Plished
by using an electro optical cell made of RTP crystal material and short electrical
pulses, which do not generate significant PE resonances. Pulse lengths on the order
of nanoseconds result in relatively low PE resonances. For example, an RTP
electro-optical crystal cell can reach a repetition rate of 10 MHz for 5% duty cycle
pulses.

[0106] Another concern of obtaining fast rising and falling time is the design of the

electro-optical modulator driver. There is no actual limitation of an electro-optical
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by using an electro-optical cell nade of RTP crystal
materi al and short electrical pulses, which do not
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clrcult power consunptl on i s of concern because it is
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o108} A48 S oy b AR Gfammaie

stepy of inddaRation, imbekith 8ach étephadl alfiéeaimd 06 dreferablyles&Kitran about
and BBO el ectro-optical crystal cells, respectivel

4 ns podgolpll Amer Riprefaablydespiapabans Ut s marespisiaipBlvoin which
eachnéﬂaé'hgtgga é’%@%&é@{éﬁ ng Rz%fsclfﬁ?lgggpg@% yglrbeng' é‘fﬁi‘ﬂirﬁg of
prefexhblytless than about 2 ns. An operational advantage of the disclosed
embodiments is that they provide a tailored pulse shape that may be programmed to
have more than one amplitude value. Another such operational advantage is the
capability of providing programmable tailored pulse shapes with discrete amplitude
and time duration components. Such capability is particularly useful in the

production of tailored pulse output with a pulse shape of the type shown in FIG. 6(a).
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4 ns and a fall time of preferably |less than about 4
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array S S Rer BeTian SRCEEn PRSI RAM Al e g

mem%ﬂ)/ ith br&&ﬂceq%érf &ﬂ@d%l&&@lé%%%ﬁfb’l@bl?&htszééch agt ween
beam conbi ner and the EOM 30a, downstream of the

copps@obemnd@ layeachemateriats, @fndamwetegoaied cirgad (I3 pegkages; to

accohﬁi}%ﬁ %égﬁé‘%%@ r%@cﬁor?%@@ﬁg&% i@?ﬁﬁ%@(ﬁp? such as laser

scribm@nshdiing ®f Isefticsiduetsruntegrdtad 2irduies silicopywafers, and solar cells;
sem conductor nmenory devices, incl udi n

and tgragcpmpdigh mﬁwlcrqraawaﬁagéé megalsy dtﬁ'? qtrigsy n%m%uq/méenals

and blg tfl(l exi ble circuits, such as copper/pol yam de | ayered
?er als, and in integrated circuit (1C) packages; to
[0116) coR{b.i Ebhbwsan qxeaqﬂswunmlemenﬂa@onnﬁahammstém 80 using
sem conductors, such as aser s bi ng. or dicin
pulseE RIS A SPHEGES Ueod 8 PUsd BaMBPRIcIasehaaEres 145 may be
a diogel pﬁ{m 564 | G-switeHed ‘NoWV@'JPﬁés&Br bgél?dtog?g 'E)Bgﬁagiﬂ'grblt%)sﬁfnm,

dielectrics, polyneric nateri
the oplltmﬂt(delsote{i&tﬂaéﬂnaﬁbﬂly as 5hdwét))eof vehiemid amplified in a diode-

pumpe} NGTOr EEAITEE 08 S0 S atnaatdoednn dRmEiessige4 nm
o ety 3 L P NP e g R Y 5&?%“%&@%& to

355 ﬁﬂenmeej(tmhemyahanad)rhly caavénter mE’dOIb)SB (afowmltrebm of the amplifier
fied in a di odepunped Nd mplifier

68 a@%épaﬁr%@ oftEQMea) the ?H@U&%Wfqhe'a dfoelﬁ%wlﬁm%ma"y )28 A2,
o 8L B0 PUIEI SRl 38 doce 2 bt pUSERMRG I
Typehlanonsuriticalgpheset matamed L BO oAt (odd@ﬁstmﬁwﬁeﬁ nhineonversion; an

optiq%ﬁn‘r\lg#qlrgir gggggg u%psﬁtghsﬁa,ﬁn o |IE9L<|:{/I§ e uetnlgy? gggér%tlonci_BO crystal

cut for 1064 nm plus 532 nm to 355 nm harmonic conversion. This exemplary
configuration includes steering optics and dichroic beam splitting elements, of which
configurations and implementation methods are well known to skilled persons. The

output (denoted schematically as Az, P3(t)) of each pulsed harmonic source 14c is
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P3(t). Extracavity harnonic nodul e 58 includes an

optional first focusing lens; a Type | , non-critical
W@bmeaset ched LBO cut for 1064 nmto 532 nm PCT/US2009/038559

conversion; an optional second focusing |lens; and a

coup Byl MSTEOM 308 BT AIaRS Bl Rk SA b (e

schemlahsalbpmmi & (t))catrd thirdrredrimomic wat/eldagtrsd)féﬁﬁ lmg optics

ichroic beamsplitting el enen
W“&m@'@lﬂ%?ﬁbﬁ%\%ﬁ r 9&9% 5@ng‘ﬁ\ﬂ§§<ﬂwo%0 s%oaewate efficiently

at ha}‘rﬂ %W&éﬁ%}h@ﬁe?&usﬁé’ﬁ% 3p@|§d%§tﬁ§% Lfffse har > polarization

emati c eac nic
changeuﬁr are-balf fosthelgeicedd inarmorivRaretine thitcbfop theithird harmonic.

AT R M T,
systeh%léééraﬁhg Ikt ek ﬂﬁiﬁ%ﬁfbﬁ\tdﬂWévél@r@B Hegguéd te Ase fie JEhé drive

can operate efficientl har noni ¢ wavel engt hs
volta@@@faslgw -ratee limppd iaad m@dwlaé@n pbsharter wavalengthds pehieves at

|owe,g€®&q}§ﬁlt%egne-half for the second harnonic and

or the third harnonic. This effect all ows

[0112]he PEREEA shélvs beghmplifiethblotk disgramner érﬁékempmla\s&et Bystem
resg’act to_simlar systens operating

B4 QrIRBNIRGrA™ F M NG AQL HPHERTSX thhBOWRCamier 68) sk
fund%ﬁg?r{%epmskaq drSoRir QW { z?c{ﬁ\ éddg‘&@?ﬁmﬁh %g'%hﬂ;n'lé’ﬁwo%lator 58

wave ength 'S I eve ower
(dowms’dreaxge:sf th¢ ainplifier 68 énd e EIQMI:?’Oa) 0 p'pddufceaidém[mkoutput by

o PGS b S TR e B SR PR

operé&H@ﬁé‘t"@ﬂ?s@'ceﬁfér%‘?%rﬁc?a‘?ﬁént’épww&énéﬁddémeﬁQ&&S’éiéﬁﬁéIQVGaussmn
w tth a harnoni ¢ nodul ator 58 (downstream of the

rectangplair f oretrapgz oitred pulse Meaﬂaput(depomdLMemaimlly ad A4, Py(t)) to

FMS%@&O %M%Ebb@gar%@&”@lv@%ﬁrﬁ 0" edit) I Gprh§iGe spape toa

first tEII ?ﬁ?}% fggl@'gdr?%?@éi tsc‘g?;éfgﬁ%ﬁé&l&%rsdﬁ a¥§)2 that is suitable
for smsmeahapmllmatmmtb)(alelmteeplumphdmm Wﬁhlgom dmpllﬂer 68 and

bPlét% to FMS 30 FMS, E 30is ﬁi’ﬁ
SUDSREEPHLCAWETSIH %’m%’ECQH 16 aeneralertip al”B‘PBlﬁF cg}ﬁpgtean
amplﬁré@prane%emal Wi f»é;lla?éaabm@él 'hléPé%ultbut (dERétel)

hat 1's suitable for subsequent anplification by
schemamdauypasnaed’jw) p’f%@m_cpd\bgrdledmpumped ;ﬁﬁwerrainpllﬂm@@mﬂrating

at 1064 15 HBIATBHES 2 AR ERpIG 4TS AR BB e opifygenversion

modﬁnalds%&rﬂ/e%' a?ﬁpl#fé@ﬁﬁn@é%BHfal %@e@n@% ﬁaCiIB?éHibblgé@h)épé%utput to
, (t)) produced by di ode-punpéd power anpli

harrrﬁﬁnmkm!omd pujsashapé éutput i(derbded sehefnatloalb/ mm(t» at a
secop FBlaToT TP ICaHRYS RO 2D TRy AREITT 1 iCoybdh because of
the oﬂﬁkﬁeﬁé}%geof% HHF dfc *&Bh g/dhaér%xgé’é gﬂ? I%Bkn?@rsﬁi?\am Pa(t) to

out put (denoted sc ematlc
A2, Pa@roeskrssnitesngly ohmmmmﬁd@bmwnhe@f tR®puleshépe

ampl?tnggn asI g\ﬁélﬁknc?vén tob Slglﬁlgds perosons Skilled persons will recognize that
second, fourth, or fifth harmonics may be produced through alternative arrangements
of optical elements and harmonic crystals. Harmonic conversion processes are
described in V.G. Dmitriev, et al., Handbook of Nonlinear Optical Crystals,

pp. 138-141. In an alternative embodiment, diode-pumped power amplifier 68 may
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the characteristics of the harnonic conversion

process, the conversion of i , P (t) to X2, P4(t)
waelepensasxstrongly on the tenporal dependence OPCT/H82009/038559

pul se shape anplitude, as is well known to skilled

be re@ﬁic%ﬂrb? a §t8fde-§-lﬂ'nﬁ§6 ?é? 8 nfbdd afe%cﬁlﬂﬂ uce%@ﬁq}lﬁ%ﬁgﬂg’diode-

ourth arrm ICS M
pumped phmtahlmystarﬁbgqrmvursampllfleptl cal eI enents and

[011£€SEF%GQ§ vg ap,a rgfgll\t,é:rné?\pe\ég% o} %bt ﬁg’{c’ﬁerssys{em 84b in

whlctﬁ\lﬂ’ﬂ% fn‘%??eﬁlo% f&ﬂbn@rﬁ(ﬁt&]@ut cHFFMQ%W@O is dlfécﬂ? coupled into
al ternative enmbodi nent, di ode- gower a ifier

harmegioegryersiepmadide 69 vaﬂmu(t)amndjﬁn@im | ngecww efrtbis temporal

depefiite PR Ria BB G it S8 B TRl llbfinggr Qotica

C/ys%fIs pl HESE. AppRIANG tef€r SYBTRbaNpd Figuré 25E3, viyish &mllGsteative of
in which the first tailored fundanental out put of FMS

the depgndengesoiharaaniy pelse ;ﬂhéaeugensra#&nrmhtf@ inBHURYISE Shape
tempBP4] lgn?plﬁé%é% |oﬂ”ml 38Ls AR oB- g?%‘bi}{t @iﬁ%@r]nfé?ig,\jéﬁhree

tenpora pFesn ence’ ef ect I's grven
oscilescape scridendhweb stipehimplosed & shpwitbalaser psit@ltpulgepwaveforms

-51 . i cant.s ref ecifically t L qur .13,
92, g\%h?Eﬂ gﬁgof faspectivaly: \Féﬁ?ﬁ‘f?’ﬁ@r %Héﬁdéﬁ’eg“’g% %m#én ppd
harnﬁ%h@@orﬁ)&%@n O\é‘SﬁQﬂ F9G BBer i nput pul se shape

enporal anplitude distribution. FIGS. 8B-2 and 8B-3

[01141]9p| EtG dBB2edapicts thé tempéral relatiorsdin bf WOlﬁﬁbdw B¥n(266 nm)

outpyl S waVBEs U5 55d sl GFeh 1532, Bif laih Py W orm 02, and
FIG. 18858 depRYS fHe t orEﬂ\@laﬁ%ﬁ@ faié@f:hwg%mﬁ YUt e
nodul e 56 of FI 8B-1 . 14] FIG 8B-2 depicts the

wavefermp 8 and tailaredogierni5d? nﬁauq%@@mldﬁ%wawomw nk{G. 8B-3

e T e T e o

interinedizte porticel 96iiod wdvieforaf QGMthcéﬂtﬁﬁgmmlercthhplﬂhe haigheof a
waveform 96 and tail ored green out put  pul se

peakgipRktyde 99p. mepstired from §H§W§'V?Waﬂatﬂm§"ﬂ%‘i"§m pQﬁt'oﬁ Beak
waveétgph 'QMUdﬁeg'anﬁEQﬁHlﬁg ganQ;B @r# g%?nwgtﬁ'ql@ﬁ 96p and peak

i ntermedi at e porfion
amphiugelgﬂpcsiemlsyrogn ¢ad ponlinfean halmaohiei cg:lmt/emiorapnmbs performed by
nplitude 94p neasured froma relatively fla

harmqwréﬁwcﬂrarpe rpedyle &8, ouwhish Reil) s SroRodianattaP? ().

PrecSlibnihffl oot B LGS A SRS e PRI B Aot
96p 6%1461@1' anper &ﬂ@é&a@éf&rﬁfg@én@’ls hadigens @mﬁ@@beé marhcmg of
8, which P3(t) is ﬁ)ortlona P\

the @Wémwrﬁsmal@@f dUVeftQil@UﬁEYnT‘l ﬁpa cbfof @leﬁtr@des@ EI)QM 30.
The %&#@eg{%a%r% rﬁ@?ﬁgﬁﬁéqc;egﬁﬁ% I?rglﬁtorﬂé s'tiél?lréng ?])rf 38 p%lﬁr%%mlssnon of

EOM: 8O tie furtailofed dreedrdutput@ulisaiivasée fonal 34 ofa dhaw@ that
circuitry 74 applied to el ectrodes 72 of EOM 30Q. The
precg@eeeﬁet@SJPr thei nanligeghelifects fe pirdbicetadorgd deep) léVgngLg§ulse

wav&tbr e dtta LGRS LIRaeOn of

[0115] FIG. 8C shows, as a second alternative embodiment, a laser system 84c
in which the pulsed laser sources 14d are diode-pumped, Q-switched Nd:YVO,
lasers operating at 1064 nm, the output (denoted schematically as A4, P4(t)) of which

is then applied to extracavity harmonic conversion module 58 and subsequently
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EOM 30 to formtailored green output pul se waveform 94

of a shape that preconpensates for the nonlinear
w@bdoeasdst o produce tailored deep UV out put puPGEUS2009/038559

wavef orm 96 of a desired shape. [0115] FIG 8C shows,

coniBe 7 SAPOSRE B SRS B s SRR a1

P(t)CatesRaiphofie davRteigtih 6885 Neh. YIGY hhasehie napetafdieddpulée shape
1064 nm the output (denoted schenmaticall

|
outpydiig then egupipd o iFMS aPploi rraduee Bﬁtm%'\é\tgifqred pulse shape

[ ' .Sl d .
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[0116haPEIG WD 8hows caoh ekird ahemative abodiaeht a 1RZ4rt Systerh 8ad in
har moni ¢ wavel ength of 355 nm The harnonic

which entpudi(denaed sahematieallyeasot, Fluth))i of fupdameniabpelged daser

ENS 30t d h ic.tail ! I h :
sourgd LT nsred LeenurPed; Syl e NET Y, e Bifating a
1064"&H 1D BbGplea iIttb NS IEOM Do Priddute fitdtlfuirddmeBtal &liloved pulse

as a third alternative enbodi nent, a | aser system 84d

shaperoulputddenotegachematicalyias andnb). cbirstfuadamental @ilorgd pulse

shapfoyiblNS P BmetS Fia sB kR J0RAT FReLPCsofiEt 4hPufer o8 to
prodd€® 4mipiifies fuiiaphatial tallored\iuIsEbh sk batpat d belsdmatically

fundanmental tailored pul se shape output (denoted .
as s théhatA peaferred emhodiment ef) diodepumped salidritatesamplifier 68 is a

doo By rBeFNE 0T, FEPREr ARletBlt SRREPRnbEy R ghhoiier 68
may beqepreedmyld ﬂbﬂd-ﬁuﬁw@j%?@hddé areadlbep ?b%r shffifier or a
out put (denoted schematically as |i P3(t)).

A
diodenpmpedarhatanic dryatal fitsr pewsd amnliised Tatered Pils ghaped output

o PP BB R R AR IPS ol oo RTBAALL 61 stge power

amplifRR 7&cebrBuce SbasiRt, RWPNEE tailed Pake sHapedfdligit [@ensted A4,
anplifier or a diode-punped photonic crystal fiber

P4(Hhoviieh isnthenfapplied Taekisacavity asmosiragrnyessiopmodule 58 and

subs bRy P e B i BB A B Buly el .
sche(%%%ﬂy ad3p! P;i('gz(a% ? ;hialrr\‘i\gﬁg walelenth a9 885G put

noted |i )). h is then applied to _
[011&kt r &tGVPA shhwsresimplified béaki diagnat of @ psefersred embodiment of

IR ST T
a mdsiEMaNYilRtoveitRr pookdn a@rﬁplﬁéE#M(ﬂFHﬁQWﬁi programB#bid puiseavidth.

sinmplified block diagramof a preferred enbodi nent of .
The pepgsamgialie pulseavidip MOk iy peagsiqesarsoutprbioblypisally trapegoidal

S igAC j [

s SHBGES 146, DRy LEBIHES R BRIGaR b g ey,
interféremetard3Canasithecoptivas modutitbr BIXPA produces an out put

[ typically trapezoi dal | se shape._laser stem 86a ..
[011. y dhg Q,Fé’fﬁemg d;smlggéjge?qi §@|JPO§a8°%an a fﬁ)%r power amplifier
68. SBEALEFES & a BUReBTaddlSoRLd, SRkh HRA QA4WHichiPsolid-state laser,
or a pulsed semiconductor laser. The laser output from seed source laser (denoted
schematically as A4, P4(t)) is delivered to fiber power amplifier 68, which produces
MOFPA output (denoted schematically as 14, P2(t)). The MOFPA output is
preferably of narrow spectral bandwidth (<1.0 nm) and is well-polarized (>100:1) with

excellent spatial mode quality (M?<1.2). Fiber power amplifier 68 is preferably a
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[01 18] The MOFPA includes a pul sed seed source 88 and

a fiber power anplifier 68. Seed source 88 is a pul sed
wo a®en3dsur ce, such as a Q switched solid- st atBCT/HSHP9/038559

or a pul sed sem conductor |aser. The | aser output from

diodSElgRB LIS oot Hods U AREP T 68! dain Aor infThé tldae-

rvere rpower
pu mwdgﬂueesrtﬁﬁ&%ddiﬂqn lamp(liﬂienistmdfefrablqﬁniuu?blbu largel mode area
) P2(t The MOFPA output is prefera narr ow )
fiver o fLeAdther BRRIFUEMBOAMEr. lng GSNALRE 1@ 4108 hefd aa photonic
_ e Lt ) L
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not'ed schermatically I, at is suitable
frequieocy sfitfechpremnic tailoeed puisetshapa MORPA autppifromTdach pulsed

asercAeBiarlaray Sie et MACSRT) UK Hor AT RBi, P o cgreater than

abouf3s0HL tail ored pul se shape out put (denoted
schematically as X2, P- (t)) at a harnonic wavel ength

[012Q0F 3EK>.1IB strawspas ae aftemative ieprbadiagot mckaser system 86b in which

' i4lQr I € t f
pusdiFLIBEL L 142 BUFISR S MRECRLRY ik BmED
1064k4iA, thensLitpor @enbRIdescrinyatiaf@ben., { PAT)) abatichlib@pliEd to

[OlZOLgFI G 9B shows, as an alternative enbodi nent, a

extracayigy hayreniennsriyle A8andgenyearteddo hagaenisqanctailawed prige shape

PA d ' i 1064
outoigBpHE AeneRRiGaRG S Shenal! Hon F9TREEwaRiengtor 365 nm.
HarnYéHi€ Roh Yaifdted iptithel shape b apavistcoupfidit FMSPEOM 3680 phsHuce

converted to harnonic non-tail ored pul se shape out put

harmoaémiaileredspuiiserahape buipui sdeantedschgmatically asakabhity) at a

R e R S R S
fiber/basER Mterferdrh&teP 08 WsRe DpABS rAVE PHtor GdaNot ed
schematically as X2, ) at a harnoni c wavel engt h of

P
[012855 his. 1Qised dgsaﬂedrhlm%diﬁﬁsanasb@wmeth@mpgl campeienys of a

asen 3RFi 0D ol ' FplShpel iy bl BB afifsoptges 141 anc
eithedliongrornws MG IRD M e30edri 30/l toqerotoce atdesitéd ahbpseilaser pulse

system 100 that is inmplenmented with pul sed harnonic
outpyty 38 alspsiigaestadiin RIG Zi WMitbretarancs to K6 - Al laseusysies 100

inclugEs B choR R st SRnEES 4P R ora P i RHaRE R AV DPSS
laserlype ltlreteamisy a 366 B Pulsed laser output beam 104. One of laser pulses
106 of output beam 104 is shown at the output of laser source 102. A suitable laser
source 102 is a Tristar™ 2000 UV laser, which is manufactured by the Spectra-
Physics division of Newport Corporation, Irvine, CA, and emits about 1 W of 355 nm
power at a 100 KHz repetition rate and an 18 ns pulse width. Laser beam 104 is

incident on a highly reflective mirror 108, which directs almost all of the incident laser
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i ncl udes pul sed harnoni c | aser sources 14f of

preferably an intra-cavity UV DPSS | aser type that
we@piowa3AsB55 nm pul sed | aser out put beam 104. EXEUS$009/038559

| aser pul ses 106 of output beam 104 is shown at the

bean‘i%é@@ tgfaéfcéﬁgrfﬁgwqg%%%%ﬁ\ﬁrﬁggﬁﬁq d 6@5@ es3Pdhkage amount

of themmtfemlasee@ebm ed\mggmetahr@tlcahdfetecmrd|1Q|tBatcmodﬁces a detector

outp TR 1 Goclh SHEABIS DpECAldEtecsab 17 fh HEAm ARy SH2785 1
photc?“l@elf)?@ MaAiRctiréd 8y HRaAImAR Pﬁotbﬂﬁ:‘sq@r@tH%a%diélg @'lﬁ/ Japan
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.reflective mrror and ,des.a l|e kage anmount of
opticp{off{a e GUINLEk AP ESTERARORE det oct or
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suitabl e optical detector 112 is manat su

adjugiablecatiepgatorigfuand.a njlr%@e@;m e&rmﬁﬂrsmﬁprﬁ:‘ie@tﬁ e okkighly
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optlcehedlﬁlammAOtMi)lﬁﬂ)ﬂmlcﬂbmh @slateelectrmlally cyntrdlledasttenuator. Laser
t her described bel ow. Laser beam 104
beanﬂ épﬂ@étt@@ AYMyi 28 propegates %‘ﬁ%@é’l aseconed hgamexpandsr (190

01295, 248 VAR PRSP ol ) JGE BN 404 phopagates
from mecomi beadbviexpahde? 6 30 and, after Mechchefronpnﬁn‘leoh‘oran34 and 136, is
t { dul at 128 {
nciaB 5 bRREN PR BB s el APy AR 7B 300, e
outp @i df WiicHheMd é&&amg%@eaht&j With pekpechve 96@9%!%6@5!4 and 156. A
expander 130 Lgl nafirst i Ierrent ation of

suntab@@ecggﬂpéﬁallmgdula silcraifidiiodhe m@é@atee% BEQ Rockels cell

oGRSt 0 B A Pt o

elect?s@—"opﬁ@alcrﬁékﬂlﬂétoﬁdineé e;irbumzmto ((F&iG ﬁmﬁw prbduse Elloredgulse
the outputs of which are optically associ ated

outpWi tinnt pepagatas targighsa .bzéwsewdsha5§@®d thes ¢ifoxghea zoom

oSBT EPUP Byt A9 e A B o v

systéfidbptiealetompatients. control out put signals from

d t d ' it 2 I
101281 51,53l S 1 e puietens af [aser Svaibh] O dha M 30d
and Qé@é’&!‘at@d Z2¥R8BARE a%%@nlaé‘r% Fa@@F‘bEQr"nW ase?ﬁf@s through

eam expander 160 to provide a programuabl e beam
the EQbk 30coandjds assogiated pdiarizey SiSdrin goontbetameanpandat $60. Electro-

opticg) Tioghia1Bio 305 e opian e R SR sug e Gt slesf padptcal

mod &fé@or&:{rﬁ/eaéh%@ﬂfy ol (FI@ o)) f&&ﬁ@s&@én@irﬁﬁl@&@rﬁétldméﬁdl €Bm
the EOM 30c and its associ ated pol arizer 154 to zoom

electse-optiexpaadeator sive mireditrydbih (Fdal 1ibeutke Brirdlpiplementation.
The EABSHE SR NE E B 17ke SHbImENA1A edihgica moctor
drivef @ifcuithe2 $@c10 andpd temdisingane aveefimplementations of laser system
100 present in detail the synthesis of tailored laser pulse temporal profiles.

[0125] FIG. 11 shows, as a first embodiment, electro-optical modulator drive
circuitry 210 that provides drive control output signals to electro-optical modulators
150 and 152, which in response produce multiple states of output transmission and

thereby tailored pulse output exhibiting a tailored pulse temporal profile. Drive
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el ectro-optical nodulator drive circuitry 4 10 (FIG
11) for the third inplenentation. The foll ow ng
waelewenspsi ons of the three enbodi nents of PCT/US2009/038559
el ectro-optical nodulator drive circuitry 2 10, 310,
_ g . I
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syncﬁicﬂfk’és tilaé‘zbr@(ﬂu&i@nl &&hulﬂﬁleeﬁéférs o?b%tpﬂﬂ%a?f%ﬁinéélbn ¢®tHEnd

froma control n‘puter Contr ol
occuaemnﬁtmmwaed tespr eﬁque@nﬂrthg gentrolm%@m@ndyuémt by

contifil I SR G of i pRIOVERREF Hilpié Eiie of BEREL Renomission

of thé puli@eriasdrenizsions S@fﬁ@rﬁ;ﬁtcﬂﬂzﬂlﬁrmﬂp;ﬁew infrdduction of
produced i n resPonse to occurrence of the pulsed | aser
Contfé?ﬁtﬁ‘ﬁcﬂﬁ jittageasuitvg from eéfﬁéFsa‘?f tha Imetawvate{:w%ravtbuﬂdwp of

Iase%ﬁl?&%ﬁéﬁ?%rﬂ@ ﬁélq I of fifb BY FEUIQQ 'fnﬁﬁg sﬁg?fal H ﬁfé”&‘ohgalon of

e sta out put ransm SS
multlplzacstatasrrofe)m;butttmnsmbsied fomsiag tlaaeﬁaabreﬂwpalsd duitgut.

[012%]?nt é’ﬂlséélgq%a %&ggﬁ&rqq tgtotgtegogﬁgg\n r,ﬁ Bag%%% noq drlve circuit

210 fs'FrBsented iviath referehge Ry FRGd11 Qﬁ&FIG”ﬂ?SﬂhEWaﬂMhNhlch showing
synchroni zation suppresses I ntroduction of

the timaing segueneshef e gignal avavederms proguted andithe copsequant states of

det erm_nat buj | aser
outply L ARG s et S PpBlaci S etiio Mt $ig S i Pappiied to
the didreal M bf Baoi oph first oitabe cdhidaratopR32Hnaud second voltage
transm ssion formng the tailored pul se out put

compaatarad o vk arfrel command entrist 2 Rdneludenadower t!il.gseF thresf]wld

s 9BRI0R iy S A0 AT g
respebmm ingutshaf digitaltorasaigecrwentrs (ACS)240 ana2dRorArower
RN L KT T—
first ?(.:)rirﬂgé atéflfl32 SndPPhi @r Hﬁe%@kg gﬁgé So'gmgﬂfof?ﬁ@d‘.‘ 28D &

vol t age conp ator vol t age
appledrtpahauoitagasmreshnld urmutmsamnﬂ compatat@1234.ncl udes a

120§ G155, R BB i riosRs SioRPLRA A isisrs Smebthat gppear

at, rés%%@ﬁ@él Vtﬂe'dmpk!itsof% dhafor 230 Gmanhk AUitFRDfRohfiarator 234.
g40 and 242. ,TbIO\Ner t hreshol d V%Iﬂta ehg{n put

FIG. 2144Shﬂ’\N5DMI RUrgoses ab@larl@djumnmd\dﬂmq@@smf cﬂud.ﬁe 106 and

the thAbicEVolipsS o SHE Bl Bk 28 2o, ik GG stB e

comparatGoE32 Brapplied do argdt imbutsef eofirdt E@We@%ﬂ ahfa signal input
0127] FIGS. 11 and 12 show a Triggeri_ signal_ and a

of a pragga@mabie galay ling252pedep1 output of delay line 252, which
represents a time-displaced version of the Trigger1 output, is applied to a Stop input

of first EO driver 250. Similarly, the Trigger2 output of comparator 234 is applied to
a Start input of a second EO driver 254 and a signal input of a programmable delay
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at, respectively, the output of conparator 232 and the
out put of conparator 234. FIG 11 shows, for purposes

w@booeharBl y, juxtaposed depictions of | aser puPGEUIMEY/038559
and the threshold voltages of DAC outputs 244 and 246.

ine 2585 AT B RLigBHP A inE BBl Bkl 7Bl ApiRed
versmmﬂ bﬂthedf n?gepz QutputNsdppligditan Stopan@itbf sBcShd EO dtﬂ'/érlﬂ54
I ne 252, which represents a time-dis

| a
[012&,1er stS‘rgo‘ﬂ an 12ishgues Stepit ﬁ'Gf‘a' and asiepeaigng! aétaeaear at,
I
espddithy e St of il jepsd o B DA el 2985 o
(uppe]ftraacesaesbows Belay1 aethéZMeadaﬂa)abemgawl thenisirtg edges of the

TriggB f EnGBom | pioAls st Delaid disuthe tioad e B tabash € igho siges
of thd ivﬁgaéﬂzgé}ﬁf Stop2t dighals! ?h@%b@rﬂst& D2|a3108nd D%%Iy205re

secohd EO driver 254. [0128] FIGS. 11 "and 12 show a )
estaldisbed byidpiay preset valges gelivergdan eamitol spperandieutput 212 that is

I cti, vel oyt of del ne
appif I oy breset it Bslne tecBEele bisiamriaf B klipes 252
and 254, apt thesbddienihg e Dagdyaly tli@hmgfédgbﬁaﬂthé Trggedosign@fproduces

the Triggert and Stopi signhals and Del ay2 as the tine
at theyeptpyit BECIREEO SHerr3o) a Pruagkdelay signal eng§eno rieltage to

T

wicSES SRR AP <IENEL T P PO BRI e o
hlgheronttp@ﬂtrammmdn Gitdtp df tiRd pulskdtlases empipsioad RIG. 1 Bdlower trace)

ECEVR TN TECE KT T T
EO otrNSr QSG gf&%d“dﬁ’fﬁq?tﬂg loWef td ﬁig@h@? Bhtp%l't SRASMRISREHICERe @FroW"'e

out put EO driver "250 a Driveri delay signal
betweea¥iver b (upper drace) and ¢he ﬁrstx,nsmu g dliced dyvaidraoe)

BB e BT Rl B 8 ot GG AB SRS el oce
of th€ Tﬂr@ééﬁﬂ‘&gﬁél@ro&@céé SVRE SutpGeof seldemg Edharigé 254 a Mtiver2
ul sed | aser em ssion that results fromthe

delay slanel trangitiory tor a vettageotaiwhicrEQNL3Q trspondg byrswitching from a
h|gh%? l@é?ﬂ?%nsgﬁégﬂb sgétgqgrg a’ﬁ eﬁﬂiefjmg o%[ﬂu.ﬁ"t‘f’a%@%@n ]state of the

rst rising e

pulséd lagel efrlissien. Th@ﬁ:ﬂérm@@iat@blﬁ@ut fnaﬁsrﬁfsémtstatalslwaeen the
Del aci:@ and at the beginni the rising e

higheytan Wﬂr.og'géttéraénng%$I0@ .sgag%eﬁ ICaHZV flawe(iracr) Brows {hdetrect
I
on tht%gﬁg ﬁ@e?’él‘n‘f&ﬁor?rﬁ t"i‘%%} ggﬁrtgglg%ﬁa@bﬁ}%gt&é{s%%ﬁﬁ% EWdriver

age to wh

254 progiocingtthg Hmaghemb prnitermeduatﬁroswubtlammtsmdm Bve arrow between
. t er medi at out ut. t.ransm ssi o he pul s .
Driver 3 EpPeas) and et alRReie Stfpdover yace tafes tis
effectt ate is betvveen the higher and | ower output
transm ssion states. FIG 12 (lower trace) shows the
[0128] f eDelayi ends prorsthe lisisg edgeiof Hhebtapissignalswhich is theesult of

he transition he c EQ drd ver., 254, produgi.n

the dey RicgErd =5 et Infeae 2y Sh6 g AT L51ahL RREURER & Bl delay
signalitfahait et teeevoltdigevierwhich RRStrot 6 sticerhodiitdres  igspbnds by

falling edge of Slice2 (lower trace) indicates this )
switching from the higher output transmission state to the lower output transmission
state. FIG. 12 (lower trace) shows the effect of the transition by first EO driver 250
from higher to lower output transmission on the pulsed laser emission. The arrow
between Stop1 (upper trace) and the second falling edge of Slice2 (lower trace)

indicates this effect.
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effect. [0129] Delayi ends upon the rising edge of the
Stopi signal, which is the result of the del ay

w@e@dngas2 by delay |ine 252. The end of Del ayi PQr/os200%638559
a Driveri delay signal transition to a voltage to

orady AR RS TR 21 ol SRR np s e

resullt dsfﬂhé@eﬂy prodpoéd by aeday lired 256.sThe endfdf®eldy2 bfcmimes a

Drwea% ﬂe@v %&ﬁr@tam%ﬁﬁg{a 3?5q'§fsaﬁfsa§v'1t@§?—§l@ i@ﬂdﬁgm@iﬁ Bsﬁswﬁchmg
from Eﬂ@anhw%%‘?atb%%?ﬁ cht rsPhi€€lon g@ ’EHE/‘hlg E%ﬁ@ugfrﬁﬁémlssmn

er trace) an e secon ge 0 ice2
state ( [Thredimingat éhe retdrrcaft E@M 80d tcefrfeetmgh{ammopt frangrhisgion state is

Del ay2 end f the S i I
not ofalseq Enprns PedAETion BhES nEcRr S BsBoR s 3pe Stop?
s.gndl bﬁ& béfbte tﬂ@%eﬁf‘l@s@f p@@b%‘x‘\%sﬂbﬁqéﬁﬁ%sﬁ‘EQM S6E. 2|rfisﬁa@14ce the
ignal transition to a voltage to which

transﬂ@gﬂmmgnbwﬁevﬁhe:laﬁagpﬂlsgmmlh@onm eemmtﬁta@ wmrpﬁﬁ the lower

oup HRMATAARH A5 A e

[0131} JhRIGS U Pahd ti5ahoW, 28isetoRd and thitd eatbadlimehBatespeetive
l'ong as the transition takes place after the risin

eIect@ugv@tlcﬂl magilatppdrives Cigeritry 248 anekbtQthah @agk provide aqdrive control

ouo U3 837500 50 3 FRU3RGs oleRca e 408¢ o vt

transodsgibetiad therebydailaed tpuése aanut extilpiting tartailenedgxilss temporal
ter t

profiiso 16 48 SRS 5 lanr s tSAUAC ei8csdioplie RadaRIq d 52, polarizer

156, %HB‘E’CD AR0ES254 ﬁﬁ@é‘éﬂédvlﬁ]e%' tSQﬁ(!l@at@RSmf%ioan?QHérﬁt R'connection
drive circurtry 310 410 that each provide a drive

with therembodimentsiof El@ﬁaﬂ aodéﬁ JEOM 30, which in response

d l.t t.at f
o138, o7 165 Tollins BaSen@l b sBiiedienls ARG ShSRLRN of e
cwculﬁ%I 380 Iseﬁfégérﬂbd Wit idferencEt6F1G 013 BAWFIGN 14 aherlatigrséfadhich
el ectro-optical nodul ator 152, polarizer 156, and

showimy the timingrseauence £5 theisionakwayeformspreducegdangsihercassequent

stategb? r@ijblﬂ.&t?l%@%@ﬁ%él Yﬁﬁq%@vﬂ\f%g %@%%Pﬁﬁ (f et(%élve%?hs inputs

dete@toﬁbﬂfw%@nahm:opébpﬁcab detdctalr 1 \22ald contrdirgondmand |0$atput 212
presented with reference to FIG é% and FIG 14

th
fromcanirel compyler 2165 IRRIPFGT PHPUE ignALT L frapriEddp thesignal input
of o thriaIae 21, AN B ARoGERTE A BheR Rsna
signalé@@ wkm:rans appiied $o tret inptibof d)gltqddb maymmborlvlattemf(DAC) 240, and
tical ﬁllaj:t ectar, 112 gn

a deBpaRiEs. W PTRd the AEly G eaH pett G Rihafrable

deb%ﬁnélggtl ed to the signal input of voltage conparator
Control conmand output 212 includes trig

[0138hr éEt@Sd1&agda1|4 stgay aviiigger glgapbnhaéappgarﬂai%heu putpus pf
compar% orai3 .OFI@aII Ohowd! I\égéF Sulsé Q'ﬁg)an%zltﬂe tﬁ‘r%%hold voltage of DAC
output 244. The Trigger1 output of comparator 232 is applied to the Start input of
EO driver 250 and the signal input of programmable delay line 252. The Trigger2
output of delay line 252, which represents a time-displaced version of the Trigger1
output, is applied to the Stop input of EO driver 250.

[0134] FIG. 14 (upper traces) shows Delay1 as the time delay between the rising
edges of the Trigger1 and Trigger2 signals. About 10 ns after the rising edge of the
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a delay preset value, which is applied to the del ay
preset input of programmable delay |ine 252. [0133]

wWo-b@%137182 and 14 show a Triggeri signal that apEBEHESE0H038559
the out put of conparator 232. FIG 13 shows | aser

Trigg%ﬁ‘iﬁ%nép%@ﬁﬂvé%q BFO?%'&% %t it lohfkﬁgggf)n%q: gﬁ@%@r‘?zﬁﬁ

riggeri outpu conparato I'S a
transtthm toteavdltageptotwiiéh e EON S0 résforadwby bmtehlgglalom armlhlmum
programmabl e delay |ine 252. The Tri gger2 out %
outptaéraamlwen 5316 10, DRXIMLR O8I RS TRIORI G NS eréafer to

an m?’éﬁ%ﬁd‘i’%? %f[ggl.g%aﬁshg%ﬁ%ﬁ stSé pd’ftthilpgls%?i%%@rdeﬁ\%sme (FheP ons

river 134 upper traces)
delaystiomsT riggdeay ito &lveh‘e(Start)aremesgntbatmmn deftay inhererd in EO driver

250, dRgin@rmediats pufHiE rangisston HEW fegRmpen fhs ARt and
mlnlrﬁﬁﬂé\V&ftpaﬁlQaﬁrﬁi%i@)ﬁsstﬁbs' ThiPsWiHingt s&ibé’rﬂfé oi(%t\tfbt )

transition to a vol tage to which
transmisgpion ¢tatey isaghievechby arvsliage g vel ﬁpne@rumspat the output of EO

crivet DI RR 155 B B A LRG0 R, 7O 18lon the

voltayie dverdriei sundition, he EOM B0 siaws tittoligls e maxisumoutpdthe
10ns del ay from Tri ggerl to Driveri_(Start) represents,
transgnigsipg @tated@l fagmianmigh amplitude=prdion,Et2 offhe)puiged laser emission,

and fh%% rfﬁé’hﬂér%é’diéi%%utgﬁf‘tg%ﬁrﬁ@s%ﬂ sta! fo H\ﬁ?ﬁ’fﬂé’l‘@ al 4 ife to

maxi mim and m ni mum transm ssion states
formshe flahanrnghmelqwnmm 8l4 oﬂtrmjpulsecam emissiost &1@s14 $Iower

traceangwi\ar S8 omitie Biped ser SMieaipa &1at estifo SR Be trahsition
by EOVEiWET 1240 &Sﬂ%l%ﬂﬂﬂmrﬂ_&n 6 Acdkifnlfh ¥QlpLAGEN SRS, ¥Ad

condi tion, 30 slews through the maximum out put
theretaftenmnr&snnaﬂﬂlaneaméputttoarfammlanh| gh arrpl i tude portion

| sed th to
01351 P e B, 550 SR G o e B 0 Bl s st o
the defdy produBBd b9 detiyine 1252 bad tRembinsusiuRAeldyosrf BOHriver 250. At
the pul sed | aser em ssion. FIG 14 (lower trace) shows

the qf’ﬁ’eOfd?qflé.V,i R driver 300 peerucesat itsrauritch Drivar! G%@ren)l gignal
tran{ltﬁocH‘% Q@oﬁéﬁ@p\&b%ﬁ thy Eei %o r‘é‘ébo%@?pﬂ %%Hﬁlbg?rc{ﬂa hgrum

O maxl mim ransm SsSi on erea

mtermet:lwtammmlteramstmsmorﬁ state 0 tel minimufil 36 ubrbaymissitlsstate.
sing e t he Stopi whi ¢

pon
FIG. r1ésmwerdfaqqaéh8é15é8 5%69 L theppul a%ééaﬁqr |eﬁ?45%9@q%ﬁ¥de§&§ from
I
the tighsfthorty B8 dravef 230 saicing iidfhedials iR gtet
transmnnssem THet swijchingyfram thednteirmediate to ﬁ\e\mlaklagﬁntomltpml ch

nangSSBEN SFERInAESPUR BY SlRving the M 0 Ak R B The rasimurn
outphf ﬁ‘é‘ﬁéﬁ\ %§lo9|rbt§l*eatb€the 'ﬁhﬁmdrﬂ dutfRFarish§sion %Hﬂé@o fdith the

fect on the pulsed | aser enmission that results from
secqnldéatlmgresigeuerthejpuEeJddaser@mlgsuonpermmaN@urnwﬁmédramsmssion
state %rrrnnsrgt T eRH ?%He pulsed laser emission a second peak amplitude portion
(not shown in FIG. 14), which should be negligible because of the low energy level of
the laser pulse 106 at that time.
[0136] The following description of the components and operation of drive
circuitry 410 is presented with reference to FIG. 15 and FIG. 16, the latter of which
showing the timing sequence of the signal waveforms produced and the consequent

states of output transmission of the EOM 30. Drive circuitry 410 receives as inputs
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transm ssion. The switching fromthe internediate to
t he maxi mum out put transm ssion states is achi eved by
WGe k@18t he EOM 30 back through the maxi mum oRCPUS2009/038559
transm ssion state to the m ni mum out put transm ssion
detecfté@é&phps@ﬂém ‘W%(Zﬁi‘ﬂc%me{eﬂdr 11 %r?c?@ arﬂforhtcgg?rﬁ%rl@ Sg%put 212
from toninsl cdm;blher 206l Glontrobcqrahed d;LaperZ‘Ean&theB teggerdbrasholds

i tud t t h Fl
set b Laliral SRmPIGH 246 B9 BReaRas Brine saananoorbisyf dedeefor output
S|gna(Pf1 1hh‘Dété§t%F oliplut Sigh8P1 @4 id é‘éﬁhéd' t88he [siyh3@Inpli0Bf each of first

OWI ng eSCTI ptl on 0 t e Corrponent S and per atl on
voltage cdmpaeator 232||alndyse¢md wgltpg@sempedatwr 284 r Eostreheemmand
El 15, and Fl G. att r of show t he

outp 312 1hRWBRE s pB itk oo Tolials B fveaa%#%rﬁﬁéoﬂgr%m 2264 a

negahb@gwgs\ﬁqwg@ttnggatmsesrfolwgfgﬁut 238 asich agé appkdd fotbe
Drive circuitry 410 receives as inputsdetector

resnijsumptstsgxﬁﬂngltﬂtp anal@stqoaaertq@t EAGy) 2400anthd4d.0 A pasitive-

goind HERR thrBth Al vofade Ll 233 drac M8 Bbofe o fEdBpe
threshoft inplt @foﬁrsuwnpa’irh@orfzm mdmnegatw&@omg ¢rigdeanitesyold
e of detector output si gongh 114. Detector. out

voltage ot 248 ot DA 2421 2pplish s egligedbinsngR ieautotgecond

compdrafdr 24@! t age conparator 232 and second vol t age
F§:onpar ator 234. Control command output 212 includes a

[013Pbsi FIGE- tioand 16c§hoa~g7£rlggerggmd Thgwﬂeshghais thaa\lapzéer at the

outp S35 ERb Y5230 8 45, el Eic! I ShAast e 106
and t%b&hfe@hol&v@lth@ectﬁ [@N@‘éﬁﬁéﬁrﬂtﬂ DA Trigdér 12 Hp diet- coé‘nparator
03|t|vegO|n8 trigger threshold voltage output 24

232 ipmppiiad to theabiart ingut of EQ«river eégeam%ﬂ&ﬁmgﬁrmm&putcﬂf

comipl SRR HBIE 15 T SRR InR SFRERRPY Lopi'Ted <o
[0138)he Fib! 8§ ugper eakesishawrithatfat abeoitd Ao after tieorisidgédge of
FI GS._ 15 and 16 show Tri ﬂgerl and_Tri

1{_0131} | ) ggzerZ )
the Teiggre] signRhEQ LRI 234 Piasiices apiis Subrut adasivaratstart) signal

e 5 RS A0 RpRtE ) SR8 Wi

outpdt traygemissiontgtate tofa maripsura toutpitI2ansmisgiph istade t and ﬂereafter to

BT T
mten‘iife'd\é‘?é ot®ut tlb%?rﬁésﬁﬁ @atéf% tgémlé%h tF\é W%UWQW nﬁlﬁr?ﬁum output

about 10 ns after the rising edge of the Triggeri
tranmnganah stétesd ﬂ"hmwutcﬁmg)sem&me eftoutpyt twtq@mssmn Btateers

ccni i B e BB e o AR R4y rves e
EOM 8@#6 Bivorage oveRirivelcdnditivnX | To/faaeuttRd voltagé sV rRIsive ltondition,
state, and thereafter to an internedi ate out

ut
the EQM3Gplewsdhrasight the raaxifmyen putpé,ktsérana@@s'mtg&, de formma high
amplitude portion 412 of the pulsed laser emission, and then to the intermediate

output transmission state, to dwell there for a time to form the flat amplitude portion
414 of the pulsed laser emission. FIG. 16 (lower trace) shows the effect on the
pulsed emission that results from the transition by EO driver 250 producing minimum
to maximum output transmission, and thereafter to intermediate output transmission.
[0139] The Trigger2 signal is produced as a result of the elapsed rise time of

laser pulse 106 between its pulse amplitude levels corresponding to trigger threshold
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i nternedi ate output transm ssion state is between the

maxi mum and m ni mum out put transm ssion states. This
wGemMoasiiey sequence of output transm ssion st aPEBFUBR09/038559

achi eved by a voltage | evel appearing at the output of

signalfsngé' 23%50%$c§1ﬁt10dﬁ oﬁérthgerlsﬁ&@%?fapth% r@@e@ﬁ%\;}nal EO

overdrlve con Feach t fage o
drivec 250l lptdeJcestdtetsEﬁMLBCb Brieas (lSio;m)szgnalheanm»onnMra voitgyet to

which ¥ BN 3 FRsparl b sutciing KBmirt bl eyt rahemission
stateltd % FRAAIR GBI WanShLioh SEiteN FRGAAE (oer (L) SHAW the

for atine to formth at anplitude portion 414 of
effect oe thripulsdd|lasarreneissionitbat results frod thiedvansitianaleye i Osdiviwes 250

ffect i d . t hat lts f
proa i fefiEeiRf foupral TP uEM B3iShR: T Mviching Bl the
interiBYiafe! 16 métmukmwrﬂrmmm&ra@n@m@éidn e rf ddtieded by sIewmg the
i nternmedi ate output transm ssion. [0139} The Trigger
EOMs%hack thsoughthec@aximaum quiryfl transmissien statpde the mirimum output
Lt i tude .
ansh8oR B3 o cee TRl Bk R bR R eHGgion. The

maxifien 3dtput AManginisomstatd farmst dtehe iepdny tieslpalset lader emission a

Trigger2 signal, EO driver 250 _produces t its, output
secopd [aea{fampltttgﬂ%ayrt@ng(ﬁat Showi i E (i Dowhi iﬂsb? egligible

becallit of td vk G Jﬁﬁf&ngﬁe@¥ ISVM1 of R BsEF BU’SE K96 at that time.

Infermediate outpdt transm'ssion state to the mninum
[0140]Jt pEIGEr & ant s shovs a aesistoFdiddel 8rray 608 lposmaoegi b@tween the

con 5 55 e ) PSSt

modulaf&fdmé'cﬁ\*c@ntﬁy%m Bhdyip %'thWldé IRthaEOM 30 thdl 8fve control
switching fromthe internediate to the nmaxi num ou
31 Mvg@appears

outpttrsigratiwith acoptrallahie sbape h Begadsethesenysliahgf thecE@

et A4 R Rct e TN b EBE R 3PP ShiEfabe
resist€ @afl Healddd® g e Vditageudisss bithertakored Pulde tehtsoral
maxi mum out put transm ssion state forns at the end of

profilen é?mst@@relqd@s%rraueﬁ% ychdes twackaialplecaangsind suRgdrcuits, each
mcluHﬁ’\gl éé)rgté A n%g@mebﬁtcf Ee%Or’Z%d S%Erpgbrﬁ% (’Egn‘?\elaﬁon wnth a

ecause 0 de energ
steerhmg/ellodefS(IGﬂeRéasmr 5p4lis eeﬁ@ﬁcemnedt@h wlthra sm{tﬁhtﬁD)]B can be
. Fl . 13 and. 15 show. a r earra 00
SW'tCﬂ)’&éﬁFi%ﬁéaog'ﬁ Wé‘?éﬂfcélﬁé E #?%B/edﬁﬁﬁ ncgrvalye. and

steeﬁnrg%)ﬂﬁigteg?bg @Hthé Qﬁbél?&ﬂ%céré\(ﬁstﬁlllé‘d:ﬂ%w%ﬁté Qﬁflectlons to facilitate

rive circurtry 310 and rovid
asymmetrieGNopes fonthelrising andrfatiop esigepf tie gaﬂared/\pulhe aemporal
f% ontrol | abl e shape. Because the crystal of the EOM 30
pro ppears electrically as a capacitor, the inclusion of

[0143] I eFiGt 97 sREwa Iaééraé&s@émwottﬁbﬁ@dbnﬁ"?ﬁte‘éit@féhp%?éhdqmer
used to control the voltage slopes of the tail ored

assogiated witbrisdsed IagebemllSéloertslldsumtlmﬁ ank thareby centpbute to

synchRS1iEAER118e BRI < Bl BUREPlng 15} bl omifRER fungions of

an E©MIi3ea. deplernéntationvof [itter stippesssgigh dhables hitfh thiresgiutiaser
504 in _series connection with a switch 508 can be

processing with composite laser beam 18 composed of closely spaced laser pulses.

For convenience, FIG. 17 uses some reference numerals that are the same as or

similar to those identifying similar corresponding components in other figures. Also

for convenience, the details of the scaling features, particularly the beam path

components, have been omitted for simplicity.
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switched in or out of its subcircuit to change the
ef fective resistance value, and steering diodes 506 of

w0 b@ogshigi rcuits are installed in opposite di rBCL/US089/038559
to facilitate asymmetric slopes for the rising and

1435} I B8Rl S 174G SRl S80I Eofi Uetdrors
112a¢ 0M2h, o1, ded 9URPs Bsolvidetsignals o aicwhadonitliggepirsaid 552 to

| aser em ssjion build nd thereby contribute.to
synchioRizer thei stch mwcvmobépﬁﬁﬁé@@e fation r}au.'ﬁ?gemmpns of

@%@a | O
the ro '98|§P ‘%&gg?éeég?tghqgﬁag‘f | gh ? h?g g t ser
provide dumaag unfgrmamdn t:mpubbt&t\alpasmntrbﬂanﬁﬂtsocdmwwo Eif)M driver

ace r pul ses. For £9 eni
250. QR s ERRHaEs AL shTHe TR i (AP eTarBR i tefershce to the
genefit MORI'30 6f FIBS.e1 1-88NMdréispacicay, aésér%h%mk pdise
conmponents in other figures. Also for conveni ence, the

synchienaationat2 prieyidesdp iptdper drineliddsconieal cpemand 9utphteth@é§necifies

a s TR Dl PR B A by 1o, 140, gy onc 14
and & ¥6iréspSiding 8u4Werceopit switthirtteétatdassubiethby EI)M 30a Pulse
112a2, and 112b2 to provide S|gnals to a common

d”Vef ﬂpgg@elve$ mﬁmntawom%%emp@ Apd delivers\geparatageries of output
plsd3 0540008 eI AR 1,35 e InfesPonge b emiting
Iaser]dlﬂﬁut iarthe spbdified sequgenmceci rcuit 552 may provi ae tim ng

0144+ oTPIASh{Ryecier SEPRERSBE00T [E6 SERCRLSI RS acasREs 14a, 14b,
142,S8h& 1HB£‘|5‘|%’V|0%9 |ﬂ Q%aﬂ'ﬁe?“srm@@rqo"théméﬁr@% "é‘b%vé %fhhi%ference to

generic EOM 3 . More specifical
laser systam cl@t of di IGer1 Of arleakalggeamgmtmfomdamtu Iaﬁerzbzaqam enetsto
d
ook et gt 80} AL, SSBoNE, PSR et Bl getctor

outp@&%@ﬁéﬂs'f@ﬁ@élﬁleﬂ%ﬁ) tnéé@r mﬂcﬂﬁ@%@@héﬂb&o@é‘ﬁbmput S|gnals

correspondi ng sequence of switching states assuned
prodgcad BURSPPISES to thei aasurreoces ebtheerulse@ l@@ﬁﬁm&@r@ﬁrﬁm@romze

e 4§ G3FAEEh bYECTA 300348 1263 L 55 BUb Mo b in rom
one dhide pulsqblasersoy4niqbt 1 4g,, lanslet4mueaciied EOMhBOa at a known time
speci fied sequen 0 ac i eve

at wil EIQM IR AT BHBC A borARSNaEERsPords dp dhe sglected

laseﬂﬁlﬂse%ﬁﬁgsloﬁnd 14b2 provide, in a manner simlar to
that descri bed above with reference to | aser system
[0144D0 dheRise ofptical detaktage 1 4@ utt2bofl 1Rag iasheint 1dbasad trigger

circulf B4 Gaf ioe QTSRS RSk e (G TSP ALt closer

spac‘ﬁig?afﬂﬂh% lﬂéeéjﬁéﬂn\&ﬁﬁé/rehf)pﬁl%ég Wder Golifdsst 1 455W|th'<5tlﬁjltter the
ector output signals produced in response to the

closescpacingneiwesh nm@eqofuwr@malqt%ets@ﬁnsaélpwegw@ataimcabng as

wen BB, BDLBS SRR OEE MR, B sobdareciov su-

nanosecond, even picosecond rise and fall times, which can be use to generate
tailored pulses for link processing and generate short pulses for via-drilling at very
high repetition rates and very high peak power. The doubled or further scaled pulse
repetition rate can increase the throughput of the system.

[0145] In addition to facilitating pulse shaping control, trigger circuit 552 can also
be used to facilitate the timing with respect to pulse picking by applying beam
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one of the pul sed | asers 14a, 14b, 14a2, and 14b2

reaches EOM 30a at a known tine at which EOM 30a
wW@s®anedsa retardation state that corresponds POI/Uk®09/038559

sel ected | aser pul se em ssion. [0144] The use of

ron o8 et i ingbl? oA, GR 52 cor
also b aséd tefadilitaterthe timing withdreppedti tb bddans eombjrdveg by applying

the pul ses fromdifferent pul sed |aser sources 14. L
beampelggzatin ehangesitadhe PSE‘@QO%'BICIP%”%F& heam- dﬁn%@/s tHgagncircuit

552 éa‘?%@gsécﬂcfgéﬁ&n?bhg\é’oﬁl\b‘?ﬁ‘at%rne&t . 8Fal tHiee, &sthié?ullséis
greater pul Se shaping control. For exanple, EOM 30a
shapman patski picking, Hnthipesrs combiniegarpepatiarst cepabilitiescofaaniEOM 30a.

10141 <SkIFE Bersefe ‘i sepectialy intiPgdnbien el or Slecipent) o
every 8éntéhée fHdy bd Bomalativety tihd StibjeePRhttel 6NemBbameritts) of all of
very hi gh peak power. The doubl ed or further scaled

the ofhersentenesiariesnbedimentsa excert where thasubjecs mgiten of eiven

the system ,.[0145] | itiop to facilitating pul se
senteg}?gaic%gerﬁ%%ql&gﬁﬁfs Jﬁgp{g}géﬂ?g%{:@gﬁv " 552 can al so be used
[0147 f RRNYidfahe abbee-testrited/érbodipsdras fadiktateutreation oktodposite

by appl yi ng beanpr opagati on- bl ocki ng. beam pol ari zati on
beanaehaﬁyggmgﬂr?ﬂlpaaslvataqt'ggl@le aracietistesy kaexamplepe
emb&flﬁ%n&@d {s@@%leb th@f’&n & itta{é%rréglti% of 2’ KSHE CLLV ESm?%Qﬁ'é pplarized

conpi ni ng by applylng beam polarizati on changes to e
beano hahingenedrmpositd repetitton beterof greatel than 200 Kékerand a camposite

552 can be set?I tg performany conbination of two, or

average peyPedleaser ae 1p’ﬁ‘°_§‘@ Shapi ng, _pul se picking, and

[o14?7gamtwmabramlgﬁt6rtﬁ&¢é>ﬂabing%RmhhIthé bﬁ%h@tmeH% ERAhg&2may be
146] Skilled persons wll~appreciate that the

made thhecdetails pbthembayesdriionbad @mbadiments yitkeuttdapagtingaffom the

be. cumul ative to the subject matter,or enbodi t (s.
undeging FsTBIER &t b bvenditt Lheepb B iBiadHlRe! CBpr
formitaed fre§lienSubdrRerte@Badd olRputitarebe peHbENE® IO to provide a

enbodi nents is nmutually exclusive. [0147] Many of the
longemweeleegatbrlasric Wbt diifeseape efdhpipresent dpvantioprsheuld,

theregﬁrggg'tc}e?e%ﬁgﬁ oﬁﬁ{}é)p{htei f&ﬂ?\g’fn%‘éég%ﬁ_y i npracticable

erirstics. exanp ments di scl osed
herein facilitate creation of a stable UV conposite
pol ari zed beam having a conposite repetition rate of
greater than 200 KHz and a conposite average power
greater than 1 kilowatt. [0148] It will be obvious to
those having skill in the art that many changes may be
made to the details of the above-described enbodi nents
wi t hout departing fromthe underlying principles of
the invention. For exanple, the nonlinear conversion
formng a frequency-converted | aser output can be
performed also to provide a | onger wavel ength | aser
out put. The scope of the present invention should,
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therefore, be determ ned only by the foll ow ng
clainms.Clains 1. A nethod of synthesizing a high
w@owen37iBi gh repetition rate polarized | aser bREITS2009/038559
conprising: generating a first polarized | aser beam of
multiple first polarized | gsgaf,gpul ses having a first
average power at a first r ion rate, the first

poltarA nresthbd o€ symthksizinged highcpawerz bighosepetifiom sate polarized laser
pol ari zati on state; generating a second pol ari zed
beamy SOMMISNA of nul tipl e second pol arized | aser pul ses

hal\g'eﬂgrzf]l ites AR }é?'[zée e?aélﬁ n"i‘BF’nﬂjlt%é Gingt p"o%}ﬁe'dtlbgé‘r pulses

e secon pol ari zed | aser pul ses characterized
havhng afn@a&amgmp@werzata ﬁn’stsew&télontrate dleen Ershpiolagizet! lasey pulses
€Co nd d | aser beans producing the

Chafﬁ@%ﬁ'z%ﬂh%? E%tcpqlgré%aﬁ'oﬁlﬁ s in tenporal
NORRYBFARHHYPA BEcER pblafRed idbetibelint bEmaipnSedsidpblafged laser

| aser pul ses; introducing optical retardation so that
pulseischaving & seadnd @yeragciowe aad ASecandreretionmte, the second

ol PRRIRHAR S EhatiRBa o R d peRris AR sRtgs2an,
conké genetdidgiafitaé fistcngeszeodd mdlaﬂzlezleldsélasﬁmb paasmmlmg the

the orthogonal |y rel ated Fol arization st at es
firstyyplarizad lgsahpe! SHBIMEMRITE RRAQYarzpRIng el aiwnﬁbwv&*ﬁ the,gecond

t ?glx\l/lp nd average powers when conbining the
polzIrriezngielg [ ea%gér)st and second pol ari zed | aser beans in

t héntood gy bptital retairddteh sﬁo treat thaen firss eadrse:cpodl @piarmaitlon states
states and dbea of the first

d
of tis fspirchior 19! 204 $5008H Ao 268 B TTNSeY AlF Grtigstial§ Miated:
Co@é'nﬂﬁﬁlne‘?ﬁ@n%tl&al BESMRIoPYHiHENhedAr8Nand BEcSITPbIAAGed laser

beam pat h~an optical nodulator that is operable to
beased mcthe\mtfyogohahsgselaﬂ@é pnlatizajion:gtates| tie eptioai peatrn ¢qabiner

4T T B A A S
the FESPRQSIVE Sirdt ARy $e?c%¢hdtrﬁﬂ§|ﬂlﬁd laBer bearak itk 5&5@?&1d|l§&erated first

pul' ses, the optical nodul ator responsive to different
andvsgaead pelarzalientstalessinghodusinga eembine dybgamp &f the st and

I
oo FFHIBLREEALAMSS gBRlog oy § e b s
st E]:Ireﬂdml‘g albag ties pembune?:i tﬁeamtpa}]nénmloabknpdumtmrzthdt is operable
ser pulses o t . ,
to samquaﬁl&ghqnspah@@nﬁme% laioe 585465 PoapERAR States of the firs
t
o 1 8BS, o 10 1 388 s

polarizguoisedra of épefiist aod seabed jdser pulseay; et eptlctahamodut@tor responsive
d se ond rpﬁet t{on rat.es e math

to difegen dalbed, S AroRBhSbpl BasSoibal A FoP reddiafd beam

difféfeMt amounts of optical retardation so that the first and second polarization
states of the respective first and second polarized laser puises of the composite
polarized beam are uniformly related,;

whereby the composite polarized beam has an average composite power that
is greater than the first and second average powers at a composite repetition rate
that is greater than the first and second repetition rates.

2. The method of claim 1, in which the optical modulator includes an EOM.

3. The method of claim 2, in which the optical modulator includes a Pockels

cell.
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3. The nethod of claim2 , in which the optical
nmodul at or includes a Pockels cell.4 . The nmethod of
we@b@pms7ig2 i n whi ch the first and second pol ar i PEHUS8E038559
beans are generated by respective first and second
segd 'h?esﬁ{e?hodsof tg B !TE mglcﬂfthé lfl?'T‘t'Q ?ed‘o‘r‘uﬁt énzed laser beams
conpri'si ng: I'oni hg an optica ator 'along t
are genérated bb eequsmlvb frdstvmct smdosfeddwlasel[st i cal

nodul gt or; .an osj tionpi a fiber anplifier along the
g?bﬂ@d“'@é’%\?# g?'ﬁ'”ﬂl& &AM optical i sol gt or .
pos/i®nlfky m@pﬁéal%cﬂét@' lalonfguthbr&j’m&ﬁgﬁ’ beahf@ath downstream of

ecti ng “propagati on of the conposite polarized beam
the bptl@ai nopdulatar; ad ari zer positioned al ong the conbi ned

b h d f th i cal dul X
dePesBRPiy % HB5hATBIalbhg Tt parbBineieetcd kel pBEgtgpm of the
opnbgq\/lg@@tdfal ues that control the optical nodulator to

inmpart to selected ones of the first and second
polbar Themetiaed pf ﬁalf@ésflbﬁtqf(,?@mﬂr@ﬂ% dation that causes

on%{}ﬁe{lr&%p?ocosqeda?gheoq tl?é)l:gr'h gs b@%‘ﬁ"zea e%ﬁ'?td ?r‘?' ﬂﬁ@él polarizer

arirzer t

posiiontd dldvg trfee@athbmedrbelalnopbﬂrgmwmstteanmmopméjymdldator, and
optical polarizer, hod of c] ai

helebtamintaio tegticalinoty atobeimatol SENRLNAYIRG Vaesdapt contro
the Bgﬂlé'él%&‘i Iéfbr't@@ﬂpéntt@ s@le@i&g&’@ﬁesof)f tth@eﬁrgt' 5r§d s&&hd polarized

cond p ari ze aser pulses optical retardation in
Iasearrmxlsussoptimﬂ retauiamoodhatesqameduaayhtduthe nselegten‘ pelatiped laser
fi rs and, second pol

puighs 1BEGeREON e SRl GBI oG I PR e PR A Py s el gt i

blockagBalf t#ﬁ%ﬁ@élé‘ﬁ%yttﬁé‘bpﬁ@éltﬂcﬂ’éniéﬁe optical nodul ator
to“inpart to a nuiber of the first and second

pol7ar The:thethee of plaire 6s inoyhichdhe conirobisionabhasvales that control

e SR SE SR AL 81 RS Bl s

pulsEeopiRbhatarfatiohan Aounts thaicalsé kerrepesiidiag daikripgrsf shapes of
pol ari zed | aser beams are characterized by eni ssion

the Mm%@éf'ﬁ angrrecond thedarizedpsershges posi ti oni ng a
& n%%R@ BL&%.rﬁHO ﬂngHE‘ﬁ Jﬂ?%’n%ﬁs@ﬁ@f‘ﬁ&’@%‘lu?@ gf}ﬁt control

dovvns reamo ator to“generate
the bptcalanpduslatos toarhpartmd maalneraofdbe\fmttamdi sanondspdlarized laser
eam of. harnoni ¢ wavel engths o

U Gticah o18Tatop e NGNS fal CoBeS AP SR DE faRbgrof Shapes of
e P e P e act or zed b
y
di f%. eTlamtneih@d;gf olaimely & whiphhtbe first and second polarized laser beams
are characterized by emission wavelengths, and further comprising:
positioning a harmonic generator along the combined beam path and
downstream of the optical modulator to generate from the composite polarized beam
a converted composite polarized beam of harmonic wavelengths of the emission
wavelengths of the first and second polarized laser beams.
10. The method of claim 1, in which the first and second polarized laser
beams are characterized by different emission wavelengths.
11. The method of claim 1, in which the composite polarized beam comprises

a stream of alternating first and second polarized laser pulses.
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11. The nmethod of claim1, in which the conposite
pol ari zed beam conprises a streamof alternating first
wa@eaogsend pol ari zed | aser pul ses. 12. The net POOUS$009/038559

claim1, in which the conposite polarized beam

conpri t [

COTD! ARSTRLT] SATMAS1¢ MW TS o pSRE wolfetifesin comprises

a stmmpr tveal oF awee qouss@mvelfgst paarizat laser palses gositioned between

ri.sin u5|ng optical detectors to produce

MO&SF%‘FBP%&%N?S% H1% in response to occurrences of

t ha 3f iTHd maikbs L8N POofuMhe? ednprisRig: pul ses gener at ed
by the respective first and second pul sed | asers; and

pr 9ingi oRfical Hetectars daproducedigieelon obtput signalpirespease to
occ{]#gngeest ?ﬁh?rﬂrg’t%rwg? [}?Alérlzédjﬁsgf &pr@%g @[telnéﬁétg?%y%e

hé "¢on st gna ppress a co

respdctive firstesmid $edopdfpuisedfasens; andf i ndetermi nate energy
build-up time of the first and second polarjzed | a

pUPER4AIRA drE OB ORIOgHERD Se3RoNSR IodhP detRdiptakiPyhsianals,
the aﬁ’lle?&ﬁt' VARl bﬂﬂ@réo%ﬂd ﬁ'?hﬁﬁow é’%da ReAtbulifn of I{télsl%rsultmg

semsynt esi zing a I gh repetition rate
frorrpeffactsznéahdaeteﬂmmb&emengm’qnmldwm@mea)fﬂhe Htst puuwohdwlanzed
irst, driver

Iaseg at | n&? (aﬂ‘ﬁ nqug}té gf Setbﬁql c?,tarquqan%q et%algm |6r]apar1ed to the

con"lBMéd gééamfl rst pol arl zed | aser pul ses propagating in a
firstg&)ol arization state along a first beam path and

havind laser systeaveyntbesipioges high powen bighrrepetitien ate polarized

rate: o .pul sed | aser generating, in response to
Iaseé%gg%ac&)?rﬁq " signal produced by the pul se driver

Ci ikt pilsed |5Re gede Ramg) nfrergpbh:s@lt@asestcmd/emlgwall pestiuced by
| aser pul ses propagating in_a second pol arization
pulsgtdfiver girguigfyaafirstdieans 8 tfme AFd nedRrizeg 'asgre%ﬁqs propagating

in a?té% ﬁd%ri%g%rstﬁ{e zﬂoﬁ?%ofngt dﬁ&ﬂ'ﬁ r?téﬁ gﬁd tr%gﬁﬁ il anlg&?de power

evi ce positione
at adestoegetitbamragiat hs to i ntroduce optical retardation so
that the first, and secon oarlzatlo st at es

. the
r e SRECONGP U6 [BSEHACRYAYRY, HIPEPPRRSIO %§%F°%8§%"sr sigral
prodidedagpitl piisé %h@éreé*rcu'ﬂﬂ/ QP Rld (RERMF Pﬁmh;ﬂ@rsecond polarized

|ntersect| ng the first and second beam paths an
lasec pritsasi prgpadatifg insa secrhdpelarizatinsl stater albngaastirst paaserssath and

navind o AR Bae gl B B ceb BPealSEtn o ang

cori gt aPrRAGRdRA HBVick (P shRinedah dpeasNtRe fkitAd second beam
characterized by a | oss of |ess than one-half of the

paths tosntraddce eptiral relpedalipn golhat Shaiish apd mecand golaiization states
of tﬂté rress'be@ﬁ\ge fifst QHQ s%%ﬁ& 'p%f‘a‘iiiz%%%er%Isc‘@ssére orthogonally related,

an optical beam combiner intersecting the first and second beam paths and
combining the first and second polarized laser pulses in the orthogonally related
respective first and second polarization states for propagation along a combined
beam path, the optical beam combiner characterized by a loss of less than one-half
of the first and second average powers when combining the first and second
polarized laser pulses;

an optical modulator positioned along the combined beam path downstream
of the optical beam combiner, the optical modulator responsive to different values of

a modulator control signal to selectively impart to the combined beam corresponding
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an optical nodul ator positioned al ong the conbi ned

beam pat h downstream of the optical beam conbi ner, the
wopipasdisnodul at or responsive to di fferent val BEFUSI00H038559

nodul ator control signal to selectively inpart to the

dlﬁquﬁpérﬂsgnf%eéfrﬁp?@éfm%bﬁ‘ Q?Htfcfhﬁhgetthé‘EﬁHﬁbénélfrelatlonsh|p of the
optical retardation that change the orthogonal

polarzation states pf tfe ﬁrlstsap@lsactbrzhpokanzgd dases pofiseshef the combined

oo TR BB AT B BL AR G oo

puls%eQﬂrvdwumltraé ietp@clivis polapizh s sates\Biecinifdimly rsipredt taMG
pol ari zation states are uniformy related; and a |as

coRtlagen eanteadisr aperainatiatthe firstrand serensRusel dﬁws%gnals and the
mocﬂ{]ét\éfﬁrﬁ%rg&géﬁ hat e fi PHB&‘%@FOH& PXFJHF% &, éﬁﬂ’sést% in

second po arrzed Tase ses ar
temperghavabvertapping relatiomghip ahdtsodhatthe smrl@btsle ltripartmgwef different

amaus hap el "?%Ei%t% (3ke® Rk Wi CaBBRANAG ABES OF thest and
sec$ﬁi§5laﬂgggeam ﬁrtgé ®8m b@MnSHe | ?&déﬁﬁ?n the optical

I ne e I nci dent on the optica at or,
moditi@toe byherieby doerposiposite potarized beapahas as mragecagmosnte power
reater than the, fi

t.hat
thatdS Theriet Fedle rthalie oty istpas PRUCILAke coMproNa epetiion
rateltAat isl gre GleP & tH @Bt ARG sbedisd r |t|§ﬁGQtré§ repetition

rates.” 15. The systemof claim further conprising:
optlbealhedeséemar §|§Jﬂb%duﬁge@@?f€§tl@ﬂgout put signals in

poﬁgﬁgilgd(fttgct?)?scw Qﬁﬁgsde%cttopgu dﬁ{)i g(r%nsdl espggﬁse to occurrences

aser genera

of tHe fi ISt anddesend pdla@izbﬁ ¢abdranigess gémﬁadard ethed respettive first and
rod u0|ng i n response to the detector output signals,
sec 'PﬂapHiSPF’ %878 320 ues of the nodul ator control signal

PﬁU@ %fr@?ﬁ’yﬁ)dﬁeﬂ&ﬁ bt LeBoNe id eéé&%l" Bhfﬁgug s@n%?%gé the

ects o et ernthate ‘energy
diffe‘remtsxlalmsio‘smecmddplaltcaraozm@l blgsertop&dmessaa coh&ibution of jitter

i B e
polalﬁed I AseMputded B¢ thd afferathnsQsRe &f Bptisdll ré%qldétﬂ%%electlvely

beans are generated by respective first and second
Impe@@djto theeeembined bEa sy st em of claim 16, further

cont nis st R 0kl Sl b BRL o RREaR BORES taser

beaﬁ%da*bége?feratéﬁcb)arefspéelfveafmt bhd eecONs sbe@npséral ong the
conbi ned beam path downstream of the optical isolator.

18 17THhessystem ofclaimai 6 fugher e@mpEsingonpri si ng an
o0 Al Bl A 9057 BA e 5o A gBGfeam o
the bptical modulator; and

a fiber amplifier positioned along the combined beam path downstream of the
optical isolator.

18. The system of claim 14, further comprising an optical polarizer positioned
along the combined beam path downstream of the optical modulator to receive the
composite polarized beam, the optical modulator receiving the control signal having
values that control the optical modulator to impart, to selected ones of the first and

second polarized laser pulses, optical retardation that causes each of the selected
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conposite pol ari zed beam the optical nodul ator
recei ving the control signal having val ues that
w@omwbnaiisl he optical nodul ator to inpart, to SECBHUSEA9/038559
ones of the first and second pol arized | aser pul ses,
pola‘?iQFB cf?ée&ﬁl?ésdi%féi%ﬁt Bn@ﬁe 6 Dofitzar & aE&ﬁn a polarlzatlon state
sel ectedpol arli ze aser ses i ncl ent on t e optical
thatpesults meb10d:kagas<sfurmsmlpsxbarhyzthe|onp|t|catmlarlszat results

018 %g.g"f R Sir'igvhncﬁﬁt e Sl sfat RS 5128 that control
the ébl%@'mcfﬂiﬂatbﬁ'tdlﬁﬁpérh&f a%ﬁﬁtfé?'of&ﬁ’@ﬂ%@b‘n@éﬁecﬁﬂﬂ WotdriXed laser

to |rrpart to a nunber of first and second
pulspslopticakbretardation pmas@slntﬁmhnat: ahuseceiirespansting tailgrngef shapes of

the heifibef 8L 3l 417 SR04 PubRendlasdt sblssd ™ acer pulses.
2020 Thhesysstér oFfeldiinad 4nid dvhidtthahfirehahd et b boRifided laser
second polarized | aser beans are characterized by

beagstarercharadaiized by difterentergissipn wavelengths.
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