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[0002] This invention relates to |asers and, nore
particularly, to a nethod and an apparatus for
i ncreasi ng wor kpi ece machi ni ng t hroughput by
alternately switching a single | aser beam anong two or
nore beam pat hs such that one of the beampaths is .

enpl oyed for nmachin one wor kpi ece whil e another the
beam FafHCIEN MQR%@@CWW@&H%R@T%AN&METHOD

wor kpi ece. %ye WéfMD'E?Iﬂ’@%ECﬁ'EiE%Qﬁ] Lasers

are widely e In-a vari researc
devel opnent, and industrial operations including

[ nspe@eia@ AQQlircaiimf ng, and mcronmachining a variety

ctronic terials and S . or e np
00y 7 oFh i3 GplBktorr redn et LS e Roh AP icatsRAlp) | 000,330,
filed RE6GEMBYE} 382604 a‘h%l%jcérﬂlrﬁ%‘ﬂ@h .ﬁip%ﬁt 6f' (X} I%téﬁf%&bﬁ&
links to disconnect faulty nenor I's from a
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Patéc@% ?gfgg‘?l\fo. ﬁb}r;]% 1r’emj\; ?029%92393 @gﬁd y |l ocated, the
li nksTédfmcateE@@ldt o0 be severed are randomy | ocat ed.
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varla e range % se repetition quenc
sing{e Iaﬁésbmmranbeg twhmn nanreabaammsamﬁs&iﬁﬁhat:one of the beam paths

s e ARYBURONECRE 208 WABGPEEE WP IarEl el hP RS PRl s positioned

for mgémnmbtgi@ﬂﬁeﬁp@%é& the | aser beam scanni ng
mechani'sm This production techm que is referred to in

t he |ﬁﬁﬁh§&l§&9_h@d_1ﬂetﬂﬂ "("OTF") link processing.
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lndutstrrmSpeféi@&é]m(ﬂba\iageﬁspédmg| presSING! ghd PSiEropdcHning a variety
ically decreases with increasing PRF while |aser

of eiﬁeﬁe@cwaﬁeﬁalsrﬁ%a@,@ram hFPRexamples do pegair a dynamic random
accéé%%éﬁfo‘?\} S@R&ﬁl" j, der i é%aétje' lﬂ%ﬂﬁbl SbvkF H%C}%gy conductive

t che solid-sta asers
||nksamm|smmtne@hﬁamtgqnemry aeldh)imbm a Dﬁal\Mldmimw theseto activate
redﬁ%gﬁ me?r?ortyrg:(?allgI re;ﬂécé ihesfeauﬁfj) érgglt'yl &ﬂfcé aéesc%use faulty memory

cells needing link removals are randomly located, the links that need to be severed

are randomly located. Thus, during the laser link repairing process, the laser pulses
are fired at random pulse intervals. In another words, the laser pulses are running at
a wide variable range of pulse repetition frequencies (“PRFs”), rather than at a
constant PRF. For industrial processes to achieve greater production throughput,
the laser pulse is fired at the target link without stopping the laser beam scanning
mechanism. This production technique is referred to in the industry as “on-the-fly”
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require that the |l aser energy per pulse and the pul se
w dth be kept substantially constant. For |ink

WO peemexssé6 Ng on nmenory or other | C chips, inadequasmos/043112
| aser energy will result in inconplete |link severing,
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per cent om a sel ecte ul se ener val ue. [0005] .. ..
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a reduced pul se energy drop off as a function of
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Se ene perate ow t

For manymractiRfaF$C defiRes] thd. Soc&sg window fediesthalaser pulse energy
YSTEM AND_METHOD FOR SELECTI VELY LASER P’?(IIESSI NG A
vary t@m@eﬁmﬂﬁﬁmﬁée&g EISOEfapRvaer A

[ooogyLT'\M‘h 'a‘ﬂrpﬁo%ﬂe—g VB eV SIEmaMie S b bfsieeration within a

signed to the assignee of this patent application,
procetes windies on$o egpand thegenockss mindaw.e Fongkamples b).&s Pat.

No. iRl BT E: RPN APFAFAEBR FORGENERALRI AR .

EMPRITY VG MUHICH DERSPIYarsEXdIPEDIONS $N APBASANT, which is
5,226,051 for LASER PUVP CONTROL FOR QUTPUT POVAER

assigTeBta therassipneseaicthiseatent arplicatignedescribgssolidistafetagers

. | , i i . .
navihd e SRR RO ikchtcd SASOUNAS B oy 08 ¥l of increasing
PRPd, therafor@gs birigheraaible RRFOrSuchiziseys ag, thérefore, E4prable of

bel ow about 25 KHz or 30 KHz. [0008] The . ,
genegHig REStablepulsaenergy devals w»[#@nafp%ﬁrﬁke& bejRw their maximum
prekypically employ infrared ("IR") |asers having

wavel engths from 1,047 nmto 1,324 nm running at PRFs
[0006dt dV.S: Pabdvo. 223654 13GoKEX STIHMAND MpTHOIE FOdMSEbEQSTIVELY

LasEECREIPSSIfe R IRRG AL ST UREURE e ofG: DR BIRE AR TERIALS

OF AMUETIMAVERIAS, MOLKHzA YPRAPEWEE oWhidhddalso ddsigned to the

addition, many | aser processing applications are
assignge of this botearppplcatignutescrinesi uging alpngerdasgrgyavelength such

as 1\r’%\beﬁikﬂ%%ﬁmbf’zEogéfgér}’oofh%aﬂrlkypﬂo‘ééés MR HL AP wider
variation of the laser pulse energy during the process.

[0007] U.S. Pat. No. 5,226,051 for LASER PUMP CONTROL FOR OUTPUT
POWER STABILIZATION describes a technique of equalizing the laser pulse energy
by controlling the electrical current of the pumping diodes. The technique works well
in practical applications employing a laser PRF below about 25 KHz or 30 KHz.
[0008] The above-described laser processing applications typically employ

infrared ("IR") lasers having wavelengths from 1,047 nm to 1,324 nm, running at
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may be generated by subjecting an IR laser to a

har noni ¢ generation process that stinulates the
weawene7ed hi rd, or fourth harnonics of the | R PEBES2005/043112

Unfortunately, due to the nature of the harnonic
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to the assignee of this patent | ication, describes
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aser pulse pic
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of the | aser

to thada'e gittBe panToRK, deniatabay. dn PhisedioRLTeS sreriersis of such
uv IQé’ér%ear rb%rrﬂc}ﬁlﬁﬂfféﬂélﬁ\)é B'vghaﬁ@r'iQH\QhRF‘tanc{ 188Pputde interval.

typi cal 'l"aser se pi cking gat ICBE? device Is an
[0008% oudi.5- Bat.iNo. b til2, éﬂﬁrfou(L/A%ﬁR) PBD ITNG FEPVER OUTPUT

sTARY i Ol ap iR AR HELRD Bl RN FROPESTNG

POSIEIGN iFEEDBACK) MhicHisQilsd hesigaéd td ehd ssigived entilidpatent
which results in a | ower damage threshold of the

applieatien, dgscaipes raeteﬁlameuervépﬁec%w thrdasesatia ernstamidigh repetltlon
ot b R o R ol S B B gating

devidetd providt E3er pulsagickifg bheleltavid at a randpme simeoinddrival that is a
ove

multip of {5aSer RORS 1RPEA T PsJchTbun eTBRRISHEIREr RReEneroy
Stabg{ﬁﬁg@ﬁwmé h%t' ight of 250 nmup to IR Iight of

allows the AOMto perform well
[0010hr owgtypmal taser palsel picking wa getieg delice\is amacoua@ -ppligyemodulator

" | h
eachly CheietstpEemoatlad CEOR BB Bris o dn atep delsug
Tyan&letDWmEfgnal S0eh ds 3RSt RDP Slffdrd erofNlativély Strong absorption

limted diffraction efficiency of about 75-90 percent.

at the M mavelengths, srol resultpgn edpwer damaaﬁthmhomomev@ﬁteﬂal at
the vgg\f as@ﬂ edrﬁﬂ}JISEQWhéatﬁF Ql?ﬁé'tﬁ’eefas%? ?ﬁ‘) O&&H gﬁrgiﬁé’aewce

ulrse
causify t:l@ar&jfés( @rothéeralﬂ W&l@‘plafe golté@e ehtbw davices sAnoithien glsadvantage

prior art tim raphs for incom g | aser .pul ses
of thg@@wsw@@ﬂq%abqa@@q;&m BT Wst X Ssrepgtitony Paig over 50 KHz.

g n i
001} (MO SHAR ot 01 B ARl LU o
250 pmogteatR:tgitoof A0R0QA 6m, Mhich 2Bowle themAOM te petfaom well throughout

oS08 Bl RRETT B o8 PP A QB b e A6
the R&EHHbld rfgtofcmnée@ssap@%mnbhrfatdo@tru@ﬂﬁamm&@recﬁmz One
pr opagat e dtovvardatar et. In a first schene,

dtsa@\rarga@e REthsuAOM @stﬁjlgn(tcs% diffractioruefinieacy oh abput 'é5 -90 percent.
[00151(t e'ﬁjge.q gﬁoﬁ@%%plcal prior art AOM 10 driven by a radio frequency (“RF”)
driver 12 and employed for a laser pulse picking or gating application, and Figs. 2A
to 2D (collectively, Fig. 2) show corresponding prior art timing graphs for incoming
laser pulses 14, AOM RF puises 15, and AOM output pulses 16 and 20. Fig. 2A

shows constant repetition rate laser pulses 14a-14k that are emitted by a laser (not
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time periods 22c-22e corresponding to | aser pul ses

1l4c, 14d, and 14e; and, in a second schene, separated
WRBpm28es 15c, 15d, and 15e are generated to PCT/US2005/043112

i ndividually cover the respective tine periods 22c,

showaylan@peopitatédto AGME 0P WHig e2B 4émonbiiatestiid é@@%bﬁ%chemes

2C and 2D show the respective first order bea
for appiving Rirepulses it 16 AP Mt tet selectrvihichones ®f laser pulses 14a-14k,

[Py henreser ence. of RF, | ses, 1
oo e B sE TPHE ET EsPPRr Sy ShrgateRoRRe 3 torget. in
a firgtGichethe, @ singledRF bylseF Sbdevighowa.in YaeRed An&E) iB\WxEaRielRo cover
. are. p%d'&glzto AOM 10, incom ng | aser pul ses 14 pass
timeqfiETiods i 2ecane oserrangiing 10 IByenpuigs (e T4drany e drehin a
Hente &6 heal t he
S e Soplrted §6° s (oD 1 P an, 166 2K Glnbrudi 1o,
individuallyovpettte relspebiivestimeqeriotisia2coRdgandi2ee foubsespdides 14c,

ol B T2 Bt e B ok v
ordeflbbhfraté bRspRfate frERCXOMAD, 4S d@fefrhﬂ?ézﬁoﬁf gﬂe? E%erslﬁggg ro?fabsence

the | aser energy in first order beam

of R%EP@FW 1happlieshiordOMa$@r pul ses 14. Either first order
OO 85 BABNN AP e B 85197 0 o

am depe
pulse hS iate ppliethto ABM 18] imebiting laset pEREesPU 5855 thfough AOM 10
QM will hereafter be referred as "l aser

nteringA 10 wi , .
subsf(tiell aiegg theluioingl beam patirncexis as beam 16, tygicatly referred to
as theded8 lord e el,ﬁfmr\&ﬁeﬁrF@F Eh&%@q 5b§re'%\g}46i%8:x%wn§f part of the

referred to as I'ng | aser pul ses
energy ok incomingitaser pae4]14isatifffactest fromctae patler 82 t&rousi86r beam

16 1o phlitoti it Bigy e 205 EOf Y bRt achirashon st aiescdnet i
defineti dsftheFBlid BﬂfﬁeVlé%éneelg@‘ffg i Brst SPad i drRIdVoARE Qast Bnergy in

. the power of RF pul ses changes from therr maxi nmum
IncorpipgdaserPsess 1 4nEither first erdgr heap @0tdnzelry ordardzazse 16tvan be

. Li i i f ti ffici. f Al
used{H53 Woifha e eI s Mot ey Rt oderafans. For
simpliityc trser pals@8 1dessterihg ADK TEWIIMERSAEY 18 rafalred £ 4da

vvorkl,ng | aser pul ses I's about 75 Eercent to 90 percent
pulsesy of Haseristgyt, and pulses|deliveregiindbe target, arnause theyhare picked
| LS« K] m,_t he "
by AGRI 0.3l e REHRA D a2 WoRhTBsbLRueE Sp SatfRTptdtqyput
[0014]ont Wiienditst order beamp20 meudeddds tHeeworkingrbeney) Bid¥nérdy of the

workibﬁiaeéﬂ%mﬁﬁ%sﬁ%%%%gw I?/ﬁﬁ%@'gﬁ%; frtggn iaq) %gggeigtof (I)th maximum
vluc0s ) dolipags it R IS BN Kl o
maxifgHEhPeweRier sUbstantiadly zepul rggp@cthelmrﬁlecaquhbqabai@fal tifnited
itrod SHIRSE b B OIS SRk ool s s abou
75 peocettiito B@gmrcaAheMakimhedRirgP v iiueSsTdh8 wdrRiBgWasds dlllses is
aboutb?f)a {)nercent to 90 percent of the energy value in laser pulses 14. However,
when zero order beam 16 is used as the working beam, the energy of the working
laser pulses can be dynamically controiled from 100 percent of the maximum energy
in laser pulses 14 down to 15 percent to 20 percent of the maximum value, as the
power of RF pulses 15 changes from substantially zero to its maximum power,

respectively. For memory link processing, for example, when no working laser pulse
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[0015] Wth reference again to Fig. 2, RF pulses 15
are applied to AOM 10 at randomtine intervals and

WO otveie2mien wor ki ng | aser pul ses are demanded, PCTVUSIN05/043112
case, at randomintegral nultiples of the |aser pulse

is dérhRAd@ no [EBRagabfoyatent lpsér pdiseenkirgyis| prsmitten) i @8the working
results in random vari abl g thermal | oadi ng on AOM 10.

laseypplsgmnerghsherln Reszrongo HE SEdeIaBRRPeaE 44 igiRspterahly used as

the@B&éﬁiH?ﬁhature gradients in AOM 10, which cause

gr adi Inits refractive index. The consequences of

[001S) er nWithIrefedemee dgaindo tFig 4, &RFepulsearhdSparesappiied o &@M 10 at
oM 10, resltlngln eteri ratedlaser beam quality. . .

randai timgsipleseate ek oty nbaraerk ik Eer ARes AT Jaandett in this

cas®Utirhh@GHEteBfA %@ﬁ%lesﬂ?%@lé@bﬁbgﬁe‘ iRRFVAO lﬁﬁé fafdom output of

corrected to sonme degree if they could be kept
working fasentpulsasweseits invaadorhearighie grarmal maqm 98 AQMe10.

ded h | I
varighiEaBefial BARG eusEs B3ty AistEivn i faRReTARN S%ients i
AOM AN @hidMecaUsRCiradi@nty ircits Fefeictive ind¥XL 6Thd estsaqepnes of thermal
on an AOM devi ce, such as a Mbdel N23080-2-1 .06-LTD,

loadipgdistoyt agassrheanhpasyne throngh KEMHE, resulting indeteriorated laser
bear‘é{'oc}itirhhl‘ﬁag?{d NRa R 108 | c#@'érB Wpatﬁ'&ﬁﬁo@?%@an’?ﬁ‘&ltxonmg

g accuracy can V|a e as much as on
accurabyl Tadsadisitwtions kteulane sorapq;tbded someadegrekfif theydonld/be kept

the AOM This devia safewhudre t] mes
congiRahy HPWENSm WEE REAYRISN IS BLISSR AP AT deg) Fargiamly, such as
in |a§¥Phr9@bro@§§§héj 1heRK JMtBRRPS VAP have tsdsak@S@hdBRAMAture and

quality distortion resulting fromthe randomt her mal
canmnatdusi nr@cticﬁlbﬁmrmwcj_o will also deteriorate the

00461 5P i SRR B 5 BNl 2 88 o

madet®) NEDS TBehs6l6Hiess MeBOurREDFLY., Eholwed tiestasiti aglyttWatwatts of
require the | aser beam spot size to be as snall

RF prwer, Breclasenbeapn paiating aecuracy ealy denipe ppapueh ag ooqmlhradlan

whem% cl)i(fs P%‘?@g (?otré}% S&Qéﬁdoﬁn%t@%%g@ﬁ:tms aﬁglaﬁo is a few

or 'ran er pul ses
hun@rehli tithes greitet than thammmm devibtien allewed \fmrtﬂ\euyplcal memory

ausing distortion of the |aser., beam and adv rse
ink BRISEENE YRS LORPHBeAD QAL AISIaT Ry R R g random
therf]r!&? g’ggﬁn d SR BOM MDAk s d@&‘etbh@ra‘f@\ﬁe W&fsabﬁltﬁéﬁﬁe laser

I's an apparatus and a nethod of generat’i ng
beanwrésulting inselargen lseer hwnrsg)ot eizetairtne Ifmmgep@ngyF@er
ul.se and can tan ul,s man
appfiaihs SpFy B3R MRk Blbfechiod tigRodEE i, Byespeam spot
szedofbte&dsegkhawub%stslur@ thilBstoatloh ik Very ahigdivammé. | aser
[00158'0 i cations such as | aser link processing on ne

i psWh%uSertﬁﬁ@ﬁd theseforeris epcappasatys ad a methed for ra'\r/idomly
pick qugo MQQPHUIS Y %Wéqﬁn%afb%éfﬁbpqgtel |8Eeluéulgé ﬁ'aﬂgw tHSut

aser purses nventi on
causing d|stort|on of the laser beam and adversely affecting positioning accuracy

caused by random thermal loading variation on the AOM. What is also needed is an
apparatus and a method of generating working laser pulses having constant laser
energy per pulse and constant pulse width on demand and/or on-the-fly at a high
PRF and with high accuracy at different pulse time intervals for variety of laser

applications such as laser link processing on memory chips. Moreover, what is



[0018] An object of this invention is, therefore, to
provi de an apparatus and a nethod for picking |aser

wopwees’eon denmand from a high repetition raterPpulusem®s/o043112
| aser. [0019] The followi ng are several of the

needtVBHrPEfigicht, H@‘i‘-thrﬁ\dﬁﬁbut%bpa‘?@@@@d@ﬁk&dﬁ for h]:ltnﬁzmg the

i nvention perform such pul se picking with m ninal
working:laser pulsegi ng variation on the AOMto mnimze

di st %rrt [ on ngﬁ%qni gigi beam and positioni ng accuracy.
They s and a nethod for generating
[0018Y St AR ebiedesEN ihasetiorpis| thesefosw, toprovidblan appasetus and a

energi es and stable pulse widths at sel ected

methag, tor Picking lasepRilsee o0 darsand ipm /highyrepetifipg ratergudsed laser.
0018 THICAGGING G SRR PR B PaiioBORE AhLERRon. SuCh

Vering ments of this
Embodiraetts@f thisdnvettioarperfdrircswentt pulbe gicking with lmmtmal thermal

e
accer{;’)‘? nﬁ'htgﬂ ifRN s a% F’a‘i@é aﬁ& %@%dd)foa genarmtimg systirman

at causes | aser beam or | aseéer pulses to
demsni tlasterh:e.ﬂmlma\fmg stabém gulsesnedigies andpBablei pHse yidibaas

cteGe e 13 RGP 4 B 86y

laseP pRREshgaIPINeaiidngBUBH akeAmTBY kisk beveringexThd empediments of
| ocati on on a second workpi ece or a second s

this inyeatiom pEovide aRefiiciert hghrlapPuaghPut ARBATAHE ang ﬂ%%tkeeé% utilizing
the \Hgﬁ({(ﬁl[g %EPEUGQ?d conpl et es proceSS| ng of the first

ece he second beam positioni ng head reaches
[oozoq s tﬁam@ekple@es ptocessingreysteraof vis irofentign ceploys adassrsoupled
eamto s C second, beam posit
to a hREM FelHing dv@“é@sﬁaafb%ea@s'ﬁs%h?ﬂ@ Y R
beth\lﬁ%leﬁrspﬁﬁénfsbeoﬁ@bSSﬁw PRI Re8ls sheh 8RR WHENVORKREESGam

I rst ean1p05|t|on|ng head noves to its
positieningtheagedirgots the laser POR1p procespafitshywrispicedethe second

t .l b t chi
bear RGN ape AT Rsal 4 Gok etk Mealphirt A Bhed wehiiége or a
secdiEsétasTebcRRMA drothefirSioRs kipitite. Wﬁehcthaffnrétlb&m posmonlng head
utilization of the | aser beamis i ncreased

compledes pragessing, ofdee drdivrrkpirce maddhs sesand &9@61 ﬁwtm@ng head
oS o O LRSS S et i
the ww‘rﬂrb@n hbe)em\oamg misamgndi éhercthel sudamdemaa‘m pssitianihg head

e B A A R e B oGt
beaHﬂQTi l(ﬁﬁﬁ@\ﬂe% QAR tbh% mar@ﬁfj pb&itighnate on a beam

en RF energy is applied to the first AOM
[oomt)outAmedpmtegatof@ﬁe pre@enal;a@er beam switehing gystem lééhat the first

and S WA BE RN ARATHRERD SR nf adhopithfier
prodelskRyl SEhe WGINinTE UBNAIBY: dfsh& Fider e@ahPistinereaeed by almost a
factor of two, depending on the processing-to-moving time ratio. This greatly
increases system throughput without significantly increasing system cost.

[0022] A preferred beam switching device includes first and second AOMs that
are positioned adjacent to each other so that the laser beam (or laser pulses)
normally pass undeflected through the AOMs and terminate on a beam blocker.

When RF energy is applied to the first AOM, about 90 percent of the laser beam is
6



AOM about 90 percent of the laser beamis diffracted
as a second | aser beam and 10 percent renmains as a

WO nesicdwal | aser beamthat termnates in the PEaMS2005/043112
bl ocker. In this enbodj

difraciesbrs B lRSOLBRRTANG 10 Peissmh PrRATS (S B Bl Idasrdiam that
term n??gé Int thgrb (?"i’ﬁ Bloc[kgpzl?ﬂ( WHE, WHSRIRF e ePGAI® SpMiednb Me second

ant ageous Because const ant operation of
AOM, %duagerpeed:enhoi ahce!aseh beaw isdiffactasha®n segend dasar beam and

1o PR oA SRS i Ao e B5Pbtcker. 1

this %ﬂﬁ?ﬁ?ﬁe Joﬁf@ IEQeN@éﬁébtlﬁ@ﬂ\é RsbhBeAANE conblanlig running at its

' hereby increasing |aser beam positioning
desnmdcpulaeyep@n@nér]ate&not her advantage of enploying the

fi d .
10023}5; Eehalyveg g pern s iSilo TR TY sle AhfageBEY befalie constant
operdlibiongid RGepeMRtitéOthermabddftiagof ithe trsep owput. Moreover, by
controller in a typical |aser-base

operpliog 8 firss asgsesrTia PEIMS T RYISE ﬁ'&‘%%%b?‘gs elctbig jgyention,

I
erbBFoGF R R SFLLB A e it ety cpsig ose
beamas@itiomegradeuraog processi ng of i nd| vi dual target

oS et 36557 g FRL G PGS A as  oar

swnt&jilﬁg %gvﬁ:brlg What tﬁ@fi‘ ca8 opbﬂaté’@s@ldsbr bewef tentroledsca efiminating
uce the |aser pulse energy when the Iaser beam

a needafohasepasatemanmomermetrollgr D tygiceblasea-baped yuyrkpiece

proqeg,gpggg(\#j%rg n’g,g) froglls e:f(osgﬂﬁ% he?éﬁ%éreg{ﬁé dfégb@ﬁ?é‘hmes of the

AOI\W@QF@SWCI@%H?%Q%# @@gﬁémhﬁngrmilek aubse amglrtudemof, ﬁ\eoswnched
pul ses for use in |aser processin i cat j_ons.
lase[ beas| dyxing pwq@ﬁaﬁlna%@wwaﬁu&mﬁﬁ?ﬁ%% oy thewarkpieces. A

typl%élags% EEQ%#slndg B0l Haﬁ?f)hﬂd Qg‘fbhﬁaﬁ@r\ IrPé\‘cHQdI&ﬁ%@it bedrds, in

rre enbodi ment's, which proceeds
whioh it 5 deﬁrehed:EKSaty)td teziuse tbenasey |mgsajemvgygmerahedaser beam

Description of the 0027] Fi 1
fea‘%ﬁﬁﬁh?@@@"h%%‘@ﬁé@@ gé\ﬂgé{éﬂﬁﬁéa pr? orI grt Al(]?/l gew ce
[Oog'ﬁjd qfke?%ée?d EMfJodirheREIRd Ihb@ﬂs;%téﬂlﬁ\gvérﬁ@ht |h§rémawt5y beam

gs

st or beam or both of them )
multiplexiog rtlna!smonnﬂleSQWprQubPUtd?QaftTﬁE af ﬁglagiamsféﬁe-modulated light

.res | aser and first and
emigsio PUfS %?/IA '?Bﬁfgr%gg?'”ﬁlﬂ 029] Figs. 3A-3C
[00ZB]¢ CMdlﬁém%p@@th%Magesmﬁmlsgmphﬂom)fzvlll be apparent from
réspectively, laser outputs, ses and

the fallowingdetgiled dggcrgpﬁg égfefq{rqg 8 g}rp%rgs Which' procgeds with
refeg%?ci’%dtlgpon CL;Q,Q\S) X@Ig%aw . AC are alternative

ary timng graphs of,
Brief Description of the Drawings

[0027] Fig. 1 is a simplified schematic view of a prior art AOM device and an RF
driver, transmitting a zero order beam, a first order beam, or both of them.

[0028] Figs. 2A-2D are corresponding prior art timing graphs of, respectively,
laser pulses, RF pulses, and first and zero order AOM output laser pulses.

[0029] Figs. 3A-3C are corresponding exemplary timing graphs of, respectively,
laser outputs, RF pulses, and working laser outputs as employed in a preferred

embodiment.



respectively, l|aser outputs, RF pulses, and worKking

| aser outputs that denonstrate the use of the AOM for
WO wo06gy6econt rol of the working | aser out put s PCraGad)s/043112
' 5is a sinplified schematic bl ock diagramof a
i

Fi g. . '
[0030h 96 Figs -4 ArBHAREN RS ERRHPOPAING SXRFRRIERHTING eSS of.

Fi . ¢ y> . h
resphlielfafafo Ui, BRI Shd SR ATTLEPOIREA il demonstrate
the L%U’ld[ﬂfQHSTK@Mdbr thergyasmtrabefitheswotkirtg lages putpats.of Fi g.

5. [0033] . Fig. 7.is a sinmplified.schemtic bl ock o
100331 agiFkin 3 57 SRR SoOBRLP SISO R Rbm SRR Spftching
s stéﬁﬂéﬁgfsqﬂvéjrﬁ?gnce for use with this invention. [0034]

y i g. is a waveformtimng diagramrepresenting .
[0032)er &tig.dhid a Wanvefogny hing diagtanp sepiesaplingppeigional timing

conponents of a |aser beam sw.tchi : '
relaf BT MACAIEPYS APMPOEDISce BF g, op B ERR RSy of
Fig s a sinplified schematic block diagramof a typical

“wor kpi ece processing system enpl ayi ng the |aser bean}
[0033)i t Ftiyngisde sireplified sahgmatic hlogledipgraTg repeesesting a preterred

rmiim i ; | : anal

aualp R3] P bl Gt IR GRUEERRIMA ERRIROR"S: e
[oosuzr K [FigC® ispa aerefirngtimysf dlagrsm Fepresenting opeiationgktiming

11A and 11B are sinplified blfoc|< di grams I reser}ti ng
relati@nshipsee@ops yaES 4P K MRPEEEIROIA sty Depiswliling 3ysteh

' ; i icBl si ng path for

empﬁéﬂ%?g’?é{;g?és}g{? ea?rs 0 ggglggﬁ?ﬁgéﬂ omone and two
[0035]s erFigodisa simplifmdesahienstic. bipgodgigrangf aitypical workpiece

sinplified schematic, block,dia epr t]
procpBoryelTe SBTIRpNadeS e Lo e g LR GEaRR e
[OoﬂegV_erFfiQP’ﬂO AR Waiefsntimat diaghdrandpr@spating operagiobeabiiming

splitter to inplenent a |aser beam swi tching device of
relationships@mengoiariops G0]paregts ahtheverkpiass! FPVPI%%%P"”Q system of
Fig @ ctorial block diagramrepresenting an alternative

a

ser beam switching systemenploying a fast steering
[003V]" I OFigh 0114 whticiiBgressitriptified bixmk didgraghsatepeesentng workpiece

o bsshr B e R b SRl o
for rgﬁ{tlglreglg?é{ gg%rir@ ‘yropﬁ’é S Ig%?forﬁ%rfecéhd/ &Y 136t BBUrces, respectively.

onc y two fundanental wave )
[0038]t puEigb¢2 s a simplifiea schematic bipak diagsaml repeepentiggan alternative

i | ses. .[0041]. Fig. i
worEkis Bl it B s g ATy G e o o
poldtrﬁﬁda S ittt infll@vicAes | s tisanesitshing@evice of this invention.

- harnmoni ¢ out put beans of ) .
[0039] Fig. 13 is a simplified pictorial block diagram representing an alternative

laser beam switching system employing a fast steering mirror for switching a laser
beam along alternate first and second pathways.

[0040] Fig. 14 is a laser system configured to implement intracavity light beam
multiplexing that provides selectively either alternately or concurrently two
fundamental wave output beams of polarization state-modulated light emission
pulses.

[0041] Fig. 15 is a laser system configured to implement intracavity light beam
multiplexing that provides concurrently two third-harmonic output beams of

polarization state-modulated light emission pulses.
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pol ari zati on state-nodul ated |ight em ssion

pul ses. Detai |l ed Description of Preferred Enbodi nents
WO[20@4B}766her mal | oadi ng variations in AOVs, sECH/U83005/043112

prior art AOM 10, can be mtigated by enploying pul se

pi cki petaRd d)é‘§d?f tleﬁ"éﬁrPrEféWerdOEm biMe&ssshown with

referéence to Figs ectively.
[0042hs. Therraa 'Q%@hge'@rlabemsyln EO@/JS 3)ich swpriooEreA0MNd0Ngan be

i B9, By R A S L LA i

refepehceto Bigs. 3MBC aAd UA-ACT RsspatliveNMF n
| aser oultgputs 40a, 40c, 4OdSp%4a/e (J;% 3ANSCHRBIdCTely, Fig. 3)

Sho@’c@ﬂrf%%ﬁqnﬁglgyt'mmgﬁaﬁbs ohlaser QutFpm §4a®4k (callectively, laser

out;gl?ét% ga:l{ésg%f ase?&’d(’"% {\?eﬁﬁ OIS\E;&JQ etSSS%(ﬂpsq% gﬁttct) IB%tc)r art AOM

10, aepetorklngriasatcmtpmi 4B A0} £0d M0 ld@nﬂtéﬂﬁ‘(d:élléc}ively working laser
out gb (r:rﬁ'h Ir%%e orru 34& intervals 4 1. EI cal

%ﬂ% PATlicYRE I %‘QM@LJ@S%CMPM&%? Zé thatwye emitted by a
Iasérf\‘ﬁﬁlesﬁdvﬂwa‘-%téoégns%arlﬁ"rléﬁéf?tldrpra‘i@g% s%?) ratel - bg%ﬁ%ggrﬁfﬂﬁy

| dser output repetitioh rates range from ab
identigabjlasar eutpuhiterxbisut 1. 1[)0ty|§ldal embodimenktsptheciassi o@tput repetition

rate Ry SydlRT o ARG a0k Lntorba B8P Kl SExenplany laser output

repefﬂﬂlbhlra’tes r@apé$@ﬁﬁﬁoﬂﬂb§ KH t@tdl'eaféq“lﬁé(ﬁ bboﬁi‘? o Rfjiz For link
recogni ze that each wor Ki ng

sons W |
pf0<J<O§§§ odiments.rradkdef vaor&smgsltaserr owtpetsmo nmferabdlss icludes a

singRt g %ﬁgwmﬂ RETReRethrpeeadits RoRrprskiied

perslolnBINwWécttbghlﬁJRST eBEh AR RYI AP o‘dﬁbﬁtmoulnﬁm a burst of
\{\VDTHS ich is assigned to assnﬂnee of
one 85{%9{? BPPIRUSRS, skich ge dislased brU dhdair ﬁoﬁ.@?ﬁ@fgb@r LASER

SYSTEN mm[DlnhE?HWDin‘R PWEQS{%@%WHE)&@EH% WA ABURST

to about 1,000 piI coseconds

OF lp‘h%EBrﬁ"étiSES IﬂAViNGpiUICTZRAﬁF@FR'érFHJI@EIWLDMSREht@H i @8signed
42a and 42b

to as¥iori bl LR BB RALER oo Brels & o o aee ABesipviag pulse
w.dtmk@rﬁgm@r@waﬂ:@uﬂﬁﬁpé&eé&%} t@‘aﬂoﬂ?lﬂboﬁgfaé’é&ﬁ\ds

ntervals 43) that are substantially regular or
[0043) 1 &rign 3B sh@@g arprefereed REaqlisey pwkmgasoheme emphsihd RF pulses

50 30065 B PR, 90828 1, L SUECRASE S hegypations o

separamdmyaagsmsemtémbwmasp(@»n@étww 'RFabe%éﬂﬁl*e'r\)’a% )432€hat are
i ze or beam PoSI tion accuracy

subsﬁn@fﬂ@gp’sﬁ%&ma? henifere Fﬁikeq;;b’gmrrﬁl@l leading vayiations on AOM 10 within
a préBysrRid G rMidhdI Tole r e’ e?%c%gérghgé Iﬂ%r){) ??o#%ﬁ’q tﬁggnal load

accuracy 1S mailntalne
windpwe bet ﬂ'@cprea’eagned holeraatcel reaylalsrm@r alferh&tively Bewid8ows of spot

ted.to correspond wt ch of |aser outputs 24.
size BEBEAM ARt SFREY o 9 RMIAGAIESSH Uit stmal INpding variaton is
maint$ifead 46t 8 pefdt i G disT tﬂetb@%ﬂ?boﬁlﬂﬁg a%éu%ly is majatained within

el ectrically conductive link, one o pul ses %%

0. 003 plliradian.o Inemreferred embodiment, at least one of RF pulses 38 is
generated to correspond with each of laser outputs 24.
[0044]  Whenever one of working laser outputs 40 is demanded to impinge on a
target such as an electrically conductive link, one of RF pulses 38 is applied to AOM
10 in coincidence with one of laser outputs 24 such that it is transmitted through

AOM 10 and becomes the demanded one of working laser outputs 40.

9



10 in coincidence with one of |aser outputs 24 such

that it is transmtted through AOM 10 and becones the
walzweneaés one of wor ki ng | aser outputs 40.[ 004BGT/U$2005/043112

Fig. 3B, the coincident RF pul ses 38 are RF pul ses

03 38e, . i .. Fi 3C t
(0043T5,,15 1y Tbribe SRR Riobitsrn 3 A6 R0 Bl ipes S0 a8, 384, 38e,
and 48E. F@OQC Hows MRded(lting \éﬁ%s @nd\ﬁb'ﬂrd}ﬂﬁgﬂﬁ@ér &HbQGéMOa 40c,
is demanded to corres | aser outputs 2

40d,pilles @d3tiaVéherp ppuwmﬁlnc Iawl adputis gemandest @ecmr@smnﬁ with

asef RURRRERT RE U sy ARl AVNP 18 noBadihdggriciypin

corrééiibndifiloneSbf IagBHodfuts B4.91n Big. SBoWse hbatoincident RF plilses 38
| aser outputs 40 corresgond wi th noncoi nci dent RF

are Bﬁ|m&e 3D, (386439, R, 86h @ormBk dTe- ¥ shomsdbateo agking laser
outppgsgi(?ﬁé‘n%pé’ﬁé g@}, JJn%Hinfc ﬁg,;t b@ﬁﬁggﬁaof respective

set S t are | onger
[0046han T&ieomrbndhnﬁcmierurm% putﬂes 38kniel preterpblysaffset fmohd the initiations

of reSBPFH [PaSEP UGSt by A pifsss Jf el eresipngBu en about

0.5 rAldr&setinkY S pilldy §sr%6ﬁslvﬁﬁs @éﬁaﬁéttﬁatgﬁm@’tnﬁe%ﬁsfew&@ Ble
time to prevent targetin l'aser working outputs 40.

showth tcsfoilaw lpaeseuﬁputse% atlree mﬁseﬁsr%cmdd @ifeoradivety precede laser

o587 B e P B S S HE B0
ThuR"RFp@th% ihteiresly a3 ﬁﬁrdlﬁmié; 8se 6BAondaifcidéaf RF4Rdses238 may be

or laonger (such as pul se intervals 43a, 43e
Shorﬁfdsléf@‘ #s aﬁuﬁﬁé"@!?‘éﬁ*%ééb ﬁndpﬂﬁrgéh@w@ owgrall ayerage RF pulse

interh 3049 {s \%t%%b anéfjA% Qnﬁqmgrcglloﬁ BEHEB'FGQFUE@

I Nt erva ween er out put's
|nter4@ls 48=] %@daad!dwethmﬁm averagaRF pakse lntarmls 4340d and

100438, W eterante d0ain (R, donoiMGRABRIEN g £5b,3ad 46
betw%ﬁ \ﬁ&%rj\%l !‘sﬁreaufbﬂfé‘ll@&ahé&% e tl%v%eﬂ%&n@ 1486r ditguts 40d

bet ween rking laser outputs 40e and
and #8eprespeotively, aieeaboumghﬂ samatasgbe Imﬂrtotﬁp@tqnmﬂvalmé The

nonifyderieOHtarkdls dbiindac Refilkal! wiring BB RRAS 4k 'and 400

‘and Béﬁvé&rﬁﬁ/@ﬂ@% Jasker batpuds 406 apelafDi 2@spectivadptare roughly integer
pplications, such as |ink processing, working |aser

mUItM%Jgft@eAQSQWtB%t iptangaldtlder beam 16 where | eakage is

100450, S8 ASHGA PP 0 58D LA LN fode otputs o
are meferablydirst ender beaso2th fordeost dfiplipaticres s&8h rasthnknjrgcessmg
workG13 leér AUt 10 S 26tp SieRBeA 46 WIero itAkacbyg Oletable and

h|gh@u"f\%ﬂé(rlm__ga *é?oh tPoWRr i degvsyie val ue and about the
same R ratl [0050] Figs. 4A-4C (collectively,

[0048] g. Imn mbfﬁmeﬁbembsﬂm!mtn’@etcommgelgtrai]ﬂweomOlnmdent RF pulses 38
not only employ about the same RF energy, which is the product of an RF power

value and an RF duration, but also employ about the same RF power value and
about the same RF duration.

[0050] Figs. 4A-4C (collectively, Fig. 4) show corresponding timing graphs of
laser outputs 24, RF pulses 38 applied to AOM 10, and working laser outputs 40 that
demonstrate how AOM 10 can be additionally employed to control the output power

of working laser outputs 40. Fig. 4A is identical to Fig. 3A and is shown for
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| aser outputs 24, RF pulses 38 applied to AOM 10, and
wor ki ng | aser outputs 40 that denonstrate how AOM 10

wO masiodaeseaddi tional |y enpl oyed to control the RIVER2005/043112
power of working |laser outputs 40, Fig. 4Ais

ConVRBIRAPE 8NV o 195 4B BRIeAe ShAWFRF Akises B ane varking leperoutputs

40" DL RE Pl 28 B ok Flad il AT Bhown

suped n1p|0|sgd loasteenoint ¢ashedahes Homwnmqmmfnom OBrele pergyhemesof
conyeni enc al ues of

workBRgser oulburs 4 are Phenustoatly SnRUREICRE P to/AQM 10 for
RF b@%@s@’é Haefor RF m%%f ﬁéwﬁ?/: ePHSRE Rilse Hgﬁiogwrgglﬁgre

pul ses 38; however urat’ions
increasedfosRf puisest@qc)oweemesaF dwﬁrortsh:b? amplhyreat foo RE gllses 38 to

B4 Bt 8o o S S B i e

to neHigRin $GbSBHMIR dbn%@ﬂttﬁéﬂméﬂéydlﬁ@%tmfw 1 e TRR technique
| padi ng on AOM 10. This techni que permts on-denmand

perrits otJesnand selection forma cantituusu ohautpebrewserh betmsaen working

s ARSI EPRLAA O o 1.

Skilled perapps el apm'eblm& thdteh&RFppwwer valleeand R Bﬁranons 42 of the
coi nci dent RF pul ses 38 can

nongRHIdBt BF, 863 3B1coDdp RPIASIRIRA Q5 496 46 alFTRdo be within a
spe€ifg§ 't&é?éi'wde%fqﬁé'mfl gsﬁd\%rﬁ%o'rf%gf&é‘%ﬁéde% 2tk L‘Plgeéég

coi nci dent RF pul ses ] durat
[005Y prRF euigs grumbedﬂecs [ﬁnetmablycﬁﬂiecdaé froine absetamsl nicrosecond

o 225y s b e B Sl BB fen 2 prcen

of laset @mp@lt irftedval 59" F¥axahle,iif thbhﬁséﬁ@@btlﬁ@rpﬁéténé 90 KHz and
rate is 50 KHz and | aser output interval 4 IS

lasefouts dite il 4175 20uniseosacoads orF prisecduratien aﬂrzymmbe anywhere

e 58 RBES 550365 1 B sbE0n AL, T i B curvon

42 driae’ Isaﬂerrpmieﬁeoy ihietlasemsulse fiterdiptihecaricethea@sgoisd®me of
preferable to initiate correspondin

f A 10. It js
AON, 16 ?ms ﬁéﬁf%ab"@e@ Inate coreespandinaenes ARE RuIse3D apd 38
surrSundhﬁg@l’ie H'H&Béih gﬁas%r‘ &g@}:&% ' Elkb§1 etlggg%lafat{g ?rFﬁgF

pul ses 38 and ayed or o
pulses 3tBrﬁndT381|tmha mamdi seoffsetabiout half afttd einimurn &F puolse

di 24. [0052],1t will b
adurefion i MG oSTreedRblEo oo BiRRA 58 hpp i od
[0052) AQMviNoe appleeiRed sdteHe RF SONEF 8 RFftﬁﬂ@ésemxspeﬁed to AOM

wor ki ng | aser outputs 40 and 40' to neet target
10 cgp wsigdrie &@atroliie energy i M@@klagﬂ@aermma 49randi40’ to meet

oo ha 5238 9 AP R0 cHBYERR b T 255 hoss ame

38’ c&m theh Bt irlicpy axchmﬂmgfy tbh'ﬁailﬂfamW&t@ﬂ@ll?%&btmﬂménergy or
ﬁul ses 38 231":;3) 0053] The abaove-descri bed
a”th('éeé rﬁra gt QfdPe P@‘Q’P a%dl«@hoﬂﬁ of Rfppuisee 38 and 38'.

[005?"]100% S5b\RRBLL Jﬁﬁ‘)te'dqecmaﬁ@§ ForlABoyngSid RONMGE Hviikpiece

process wn
processing application address beam steering accuracy and process window

requirements, but do not address workpiece processing throughput and efficiency
concerns. Employing a single laser for workpiece processing is time-inefficient
because significant time and laser power is wasted while moving the laser output

and workpiece target location relative to one another. Using a laser beam for an
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requi renents, but do not address workpi ece processing
t hr oughput and efficiency concerns. Enploying a single
WO Joes@r7dsor wor kpi ece processing is time-inef fPOTiEs2005/043112

aoplegios o S bhed ek TS GRA UG 5Pk 1S h oy
50 pFRfe‘?m‘i |2 behA LifiBatiGn BRfe BEGHURIof thE iRt Aebds®to MRREthe beam

or anapplication, such as etched-circuit board via
betwleenrtatged hocatippis c Bdayn spkifting dopn NehEYrredt thisr lountime adilization

tilizatiqn ti . - .
protiie Pt Wt AR R T 0 e TR b rogessi
thro%t,%t tRe'adafionaNESst andl Wwhsteduaseri praterds still aldomaern.

r_workers have enployed multiple |aser beans t
(0054l Giés inve0beR Drayidan apRRTAU e mathed s s MPEAAG s

and. wast.ed. /. r ' ' i Thi $hi
throf a8 eld Shiols Bt oot BRetsing hatom, h s
invehtich, tAOMsEmploymacheéé piokimctechhiqaes iangusetl ds eombination with a
wor kpi ece processin n ttg S invention

] system | AQVE .
laseghpasyswitehing. 5 W'E%’Pﬁ@% RIS ITIRLOYR Wprkijece processing
' ion with a | aser beam swi tching, or
and%uﬂﬁ%r&%éxi ng, technique to inprove workpiece )
[0055] oc diigs.rfijand 6 repféseint adgserEEEB BWitchisg systara 59 and associated
. .represent _a.l aser, beam sw t chi t
tminge GeReclt LTS (VAGUSR BLRTEToT T ST BT 54 that are

refldcBkEby GRIdptiohas®ld Mitr&ies6 fota beain awitching devicecs®yBeam
optional fold mrror 56 to a beam sw tchin

devi 58.
e 3 s o B2 B B 55 65 pears
sos MR Ry Frap st amptst oy tachap'
- caudifig igser putdesthd rsprocess adardt laaatipnares §irst warkpiece 64, second
bea%%c?efit{i%m; gegg%érig%n&ﬁmgﬁgrﬁglo&saﬁéﬁ gxg'utat\) ggén%qq Wﬂﬂgﬁece 66.
Lasér @gnggg Hq WL bﬂbﬁfléggfﬁgg de%%?§wﬂéﬂniﬁg%e%easaétqibémt;ﬁféiﬁoning

amswtc vice 58 to beam positioning head
heaé B2ty am optivnalrfald ristar 68. rWinendst wam positioningehgad 60

itioning.h 6 t ' :
comietes praRsuind o Racea el o GPanatst el TR such
as ﬁsé%iﬁ&\b turhY&ser! 5565, ax2sidvin irfBigs Bowhlaser pulges B4 are dumped

ser pulses 54 are durrped to a beam bl ocker ég@(}i )
to agteannplockpetnot sbewa). b¥diTHERANARREY PRSHIPNES 2 feaches its

. iy il | _
orop BedO e LSS 3G S5 o PR NREoA bean
posiibhitg tfed P62 tirpotsdaserysuises St trgebloaatiarsson workpiece 66 while
~ workpiece 66 while first beam po j[tioni n .hea?. 6% ents
firstgpgs pogitioRiaofeed @%maﬁsg%gﬁf\%aﬁ.afﬁ?tgPO%"%p O &fERres
wor%é?? b?c?@esgmﬁéé 3d ihfePils PSand psikeher MoPdtimes between target

I oner tines between target positions as
positiohe meédhteridis MI056] An advant age of | aser beam

0058} R SRS T Tt Bl a0 BB 03P s secone
workpibbe® B¥RINd¥6 hRSatdl ré@své 4in@st the full power of laser pulses 54 for
processing. The total time utilization of laser pulses 54 is increased by almost a
factor of two, depending on the processing-to-moving time ratio. This greatly
increases system throughput without significantly increasing system cost.

[0057] Figs. 7 and 8 show a preferred beam switching device 70 and related

timing relationships. Beam switching device 70 includes first and second AOMs 72
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processing. The total time utilization of |aser pulses

54 is increased by alnost a factor of two, depending
wWemthe7er ocessi ng-to-noving tinme ratio. This BIEESA0Y5/043112

i ncreases system throughput w thout significantly

and SAGHERUGRIEERNE Rl 15000 S0 ob 3 odpr it of M Pripes 76
nornﬁ@ll agynaitdiiectddehrmsyh ACM$ P2 dedi eadd térmihatdess hisesbeam
second AOVs 72and 74 posH%(ﬁned in. optical series

76Ar0é1 abeam RlackerA8. sHpweuer. whan afirst Rfedrivrn 8Q.applies about
o WE FFRS NURERT YOS GIEAON T2 Bk Mottt ol 7o

diffrdrtte&\aerlasefd‘tmam TBBrand R peréent rer@@inspgd iaser bbamt 76A. Likewise,

whefl SesnadRF Idiuer g annins apatis etk SRR (s BEGiGealdasecond

AoM 6& ap&utish mﬁ@fa@ﬁ%f I%%Hﬁb8§maf6 isaﬁmract&ﬁa% E8r beam 76C and 10

kew se, en a second RF driver 82 applies about 6
perC\?Bat temmfns@s Iaser bgangi7gAal Inttbissarobodimenty the lasdyganegating laser
en er bea iffracted, as | aser beam
beaels Brkoratensr IO it desed RUSE AR B T i s
[0058TbodVABAemBIGENG BBa SRNEHIAY idegiced ® mobstamerf @riCswitch is
unning at its desired pul se repetltlo

I
neegéc? Etﬂﬁ{]&t} &yawﬁﬁ redpires ignsediching betwiesy lases keame 768 and
760%%c§ﬂ9é gﬁgﬂgaeg ch. e %el{a%ﬁqﬁg Re sfghgféaé[\é}:ﬁ @@é@é@éﬁ?ﬁst and

€N SW ween | ase
seccﬂﬁﬁ&@aﬁmm andt74, $herreb§e$isumgmg> all pf tases beanoT @ onrbeaRirblocker 78.

[ooéhgnﬁa*ﬁsﬁgﬁgll tlgﬁll%g,t 7o POf ¥ $ d@é&iﬁ%u’éﬁ@%@é n‘%%%eration of
~the IQEQF@I%mZxﬁes th@prﬁgi drﬁﬁﬁ%‘&ﬂﬂé ERePeutpey. %r@@vérs b?/ operating

a vantageous because ¢ st ant operatlon of aser
AOMs Vmamdtyswﬁhélnerauls@rmckmggneihod&desqmd wmh p@ﬁerence to Figs. 3

and P! Inetingt B iiont S B FimReft. fénéhy therfsiBd 1d38r beam

pos,|ﬂ@mné acbb@rdyalEddhaﬁhfrrgt ARl séddrNAOMS 72 bﬁdmmﬂsrpréfedably a
t here gslncrea3|ng | aser bean1p03|t|on|ng accur

ModehtR0885 f napufaghiied dydNEOROechplegigs. Aaci, of Meéb@ﬂraﬁt ﬁlorlda

o g 0 BRSO SARIEN B rven i

two \‘mﬁtycﬁf&ﬁjW{z RErpoavdr. di ffraction efficiency when

iven with two Watts of 85 RF o . 060
10062} ot iANOheRAGNERRDD P BEAT, G b s Inad i con ppgrate as a
lasete Foﬁépcmlﬁe‘%l&s gﬂrfr’n?a?tﬁf g #RBEH f&%&éé’éra@@ﬂs@? power controller

m nati ng a nee or a Separate aser powe
in a typical dﬁsleemasadavarypnecalprbmng)aMdmo?werewtrol is possnble

t
becd o R pErIH ik oL AR 2R ot SOF BielY /8 8t Bpramming
lasef aﬁltsefa% IRGOEE SNMBsEEbEARE7 6B 45 78T Urindds®cessihg e kingle
beans 768 and 76C during processing of S|Rﬂ?I e target

tarngtd@a@tiQﬂfpsm|Wprm1|er698e€etyp'c,&| taf’ﬁr pEQCEIS§Hgra '6@%‘%!&@'“ via
form%ﬂgh oﬁg éh%'a Véﬁ:uﬁldo%‘#dél '|ﬁf/{rﬁémﬁé Bt Reb %o ?géxgce eethe laser

IS often necessary
pulsk @hergy when the laser beam reaches the bottom of the via being formed.

[0061] Figs. 9 and 10 show, respectively, a typical workpiece processing system
90 employing beam switching device 70 and related operational timing relationships.
A laser 92 and a variable beam expander 94 cooperate to produce laser beam 76
that propagates through beam switching device 70, which operates as described
with reference to Figs. 7 and 8 to produce laser beams 76A, 76B, and 76C. Laser
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pul se energy when the | aser beam reaches the bottom of
the via being forned. [0061] Figs. 9 and 10 show,

wonesysetssvel y, a typical workpi ece processingPSyatseons9@B112
enpl oyi ng beam swi tchi ng device 70 and rel ated

bearﬂ |[?%rA 'rr‘ﬁﬂf"éteé IMbESnBd&er 78S NiRer bBahP?EB iPrefRBtEdRbY an

| e beam expander 94 cooperate to produce | aser
optndmafnldmntrha% @ndpstitpetess by arfisalgkY Issanneny tntasgeidecatians 1, 2,

oy RATASE B8, SHFHLL Bl i 958 SRl o o

optuo?@@fol&ﬁﬁﬁbb@@maﬁ@/&lﬁe@;téﬂ b aesecoRd heastdmarki4 t6&arget locations
Laser beam 76B is refl ected by an optional_fold m ”%rand

1, 2,96 aaddt 6 eesrcondpyorkpiacestUo st andesecondrty £aRRRa"S 9
104 %Fi@f}éuge{b% %n résp %twé“ﬁ%én%& }\P %ghﬂgﬁﬁ%&@@% and 110,

A LRI e N s 16 i1 onal
and fitsh dntisecond Wirkpiedesl i1 08 @neldt Oﬁ/am meanted ofyast positioning stage
a_sec

112 08 kilp stk aevl EnderStaRe ThatThe Seatels ALY SR o pre grounted
on aasrg ?Rg%ﬁg g{égwgr‘gﬁsférﬁ Blt M2 phfeP Bd’stacked

d 110, and first and second
conflgnnrdmnrescmay Bliermaiively0s: employsdnt Sldllechwarkerpavil alserinderstand

et B e B TS ST st HRAGEE A Hgb Y o Aommor
subgirité aaH/R PP RbE sKHrercorespentinyttaigetiogatiansr and

stacked conf’l gurations mag alternativel %\g? nﬂgc
(006K | Fé: ioPRWS amer Poam o3 Paesasea THING) (MRS lacgaen 1 on
worl{f?%@e mr@@%gﬂgste%?é YL %rslmqg%d\'ﬁﬁ#m@ﬁ@ﬁtl&?%f R8ePBeam

SEFAre “anaior e correspondi ng
76Cttatgrget lovatidh dren wpekipiede F06. Witershases beamef6® éaprozessing

targdiooalan b oacuiRIees- Lt oY BSARTEr R 10 HE 18 EBEfiaR of
Iasepégéﬁm nﬁft};i’%gﬁgcéﬁbﬂ AlBSkorkPieel . 1TINE phedddl @iinues for

r beam 76C i s processing target |ocation
targét lonatiasiQyi :is,caﬂdltt)entllfpmsessmg st tafgel logations 4 emwedkpiase 106 is

it f .l 768
comfe S obe st BRA TRER Nl SRS BB P10 ana v
pOSthﬁlﬁ iAo 212 Bxedlite FHondtmbve inpesitdbmdirstfandasegehd XY scanners
l'ocat'ion 4 on workpiece 106 is conplete, at whjch t

98 andr 4 evef teegesiarakops S 6i fnang 8«f sgerectiyg workpieegs éﬁ?ge and
Y

100, 83 55 i A e SR

coo;ie&éE@ilﬁ g}étgga‘?ggﬂgﬁﬁnnléis Positinthirgy sv;fstemmntabkeefor use with this

inveBhar 856 Gsaes in b So Rt g 5o oo A EGELSEERDh HIH

ACdWUhlgﬁé\? AR %ﬁAGE%b‘L%BWIWN@%MEMb\k/ﬁlcﬁ% ad§igned to

this invention are described in U S. Pat.
the &ssigriee 68thid patert applgrREBEDd, H GH ACCURACY MULTI - STAGE

oo’ 3 SR T g v
ryl‘f’c?]vv%‘é‘ﬁ tclégﬁﬁkgr\(hg‘lo%%%rnﬁ@@%?dﬁm@s wséemlyl P22 ahd tvariable beam
expander 94 for optically processing both laser beams 76B and 76C. In this
embodiment, laser 92 and an optional fixed beam expander 124 cooperate to
produce laser beam 76 that propagates through beam switching device 70, which
operates as described with reference to Figs. 7 and 8 to produce laser beams 76A,
76B, and 76C. Laser beams 76B and 76C propagate along separate propagation

path portions. A first turn mirror 126 directs laser beam 76B through a half-wave
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enpl oys a common nodul ar i maged optics assenbly 122

and vari abl e beam expander 94 for optically processing
whnvod2aeer beans 76B and 76C. In this enbodi nEri/US2005/043112

| aser 92 and an optional fixed beam expander 124

ol PR shinB6F P PolsP At P S3R P Ehe BncrR By B seorees

relatd/@St@rthb @dlavizakion etate i tasar beBB6C7 THIIO® degraw Btkseedisplaced
| aser beans 76A, 76B, and 76C. Laser beans 76B and 76C

|aseb%®‘§g7&ﬁ5§'36ﬂ“5ﬁ¢§e% Bl & $Q0ONFHBRLHATe B ia & PRlANEingHaeam
omh eft'l3§uIr 5{ Bé%@sﬁ@mQ&h&%%a ges trﬁbtﬁ sy RPJ H8afzing

wavep arl Zzaltl on
beamtcanebinér i@@,emhlbb@mmﬁbéamtcﬂé odegnene@ro;m@tmq)atb pohon the

olarization state of ser beam 0 de
sepdialsaeath RISt Alonathicn Ber pRaT 7l Bt /BE BPPRdats: ohaser
bearhEW’GB'"%ﬁd ‘?BC]rﬁQ fb Q%ﬁ{m&ﬁ H3eP @Hhﬁ?@f@' \Wﬁfch]é’rgpa%ates along

Laser beam 76 |recte by a third turh mrror
the ¢campohagrath |ppglduetmmugmbmamd qEics aaaembltdﬁﬁuan@wptmnal wariable

exp%@%&c&p%ﬁ at i Eg%?\rﬁtplgg%ll 3@ B%gﬁ Iz?r%tu% beam splitter

136 Beparagss @omhﬁﬁﬁésbﬁ@é@n@ mlaé‘éﬁbéﬁﬁme?(smbﬁd F 6E Nn&der
| aser beam 76D, whi ch propagates al ong the common_path

bearpdrﬁtB isriliractes gy ai fﬁugedummr@; 138t fgr axamplggfirst XY scanner
l80Rbe ARl Lairdes b 31 2B R BNE XAEL A 104,

eam splrtter econ arr zi ng] am spl |
[006$§3palBﬁam expamaar 1 Bsssts bleashﬁ;ﬁ@of lser baaes 16hand 768 in the

formgh; GaUssian Salal diorboganof lontranergy.simaeed AaficuasSeinply 122
shade%stﬁé @&ma?rﬁgpéﬁal @i‘uétﬁ&'jtﬁﬁ\ bfMhSersi7BB 8% TBICRto fOARYMbUt beams

scanner 104 Beam exg{ander 124 sets the
of urgfmpnespa’ual dsmbtﬂs@arfsr deIB/eamo XgGaanner98 @anch 164. 2A preferred.

maqggtjq)@l A ﬁ{ﬁla%sl zaséw%é O[%a hgght engs&%eﬁs tﬁgpggscnbed

in U@ $iaftér|itLNd>0518©fl 43gsers 76B and 76C to form out put
ams_of uniform spatial distribution for deliver

{
[006ﬁ1( s CighniB shavaga atganativepverkpiacedPResHAg @Mﬁhegs¥20’?in which

bea'ﬁi&gﬁ@ rﬁlc(?é:\ﬁgé 7|ar'19 bifré{)@%sa?en %@eép@gﬁé%%a [eglgggﬁp%@ate from
sepdrate la$dBsaroes 92b amidt $20) aéspestivelyk dihecsize ob tases begm 76B is set
o B B e B e FL el B g
expa?ﬁi%"i‘ﬁ ILE h’ﬂ%%sé%é_};%’?at%qgsé\‘%us?gés 92@%9@@2c“f§biﬁtaté_§‘6ptlcal

I'ze of 1aser beam 76B is set beam expander
comaombntmnﬁgleatohs|nag\émcrbemmr/6©re of &gn migrags deand 30 and 134

24¢., Th f te | 92b
can B RTGYEtA T poa¥B B B “Component cont i gur at ons

[o066Y V\'*Ea%h d-’f%rﬂ{ne&@ﬁﬁo@éss‘ing” SysiemsorD 412036 .adeastaldbus

can be elimna as shown in Fig. 11B. [0066] Each
becaysevaik pne set pf expensiviybegmtimaginmeptiosds requireds Moreover, for

wbrk%gevc%nﬁr%gsgéiﬁg system 120, employing beam switching device 70 permits
implementation with smaller optical components because switching is accomplished
with a smaller beam width than that which would be found with downstream
switching components.

[0067] Fig. 12 shows another alternative workpiece processing system 140 of this
invention employing a fast EOM 142 and a polarizing beam splitter 144 to implement

switching of a laser beam 146 between first and second XY beam scanning heads
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because only one set of expensive beam i mgi ng optics
is required. Mreover, for workpiece processing system
WO 2@8/066p| oyi ng beam swi t chi ng devi ce 70 per nPCE/US2005/043112
i npl enentation with smaller optical conponents because
98 andit0dhilngvdrkpiece prptessinaisysiten 0 hagard2 eraisaged bgam 146,

. than that | ch, woul .d |
wichBohke W55 AR BBGA PR BB Rosye 148 and
lasePbbRENEGHtHHenABRPiLEer beametts exgtssiaséepowdOcaitrdller 950 and
i nvention enploying a fast EOM 14 a polarizin

entepsstest GEIM 1dgs which RUSTAIThCRBADZEH[ASER PRETDT 46 MG espective
unrof FEFobAREONERY oS RitARER Mel bFATT 260UMIAIUOR.

I ece processing system 140,
Polakizingrbeitn eplitter 14 mceivesruntdBitedvaseh bpaoptdfeld end directs itto a

452 5 sk S0 B BB 855 35980 BB b T ones
rotat%ggééeﬂ t?éaﬁﬁ 1RBREAn Qind &8 it t8'setBAd NYs€anrfiRg hbagt 08OM
, which alternately

pol ari zes | aser beam 146 into
[0068% s pdcdisadvantage af adrkpibee preadssingssystem 140 is that current

.ot - pol ari.zat. I 6 .
prachEh 0B B S BB Bl 0ot s pinsone
highRgadurtd @Purrislef IBeesbéamtgowert Kribther limitatidreistthaf duraping

XY scanni ng head 98. Pol ari zing beamsplitter 1

4
unneastesi lager beAmaseroy ERAUITGS SHULEERG OR JUIAINcLel aser 9éoSUCh asbya
Q-S\&ﬁcﬁﬁ%&iﬁ%ﬁﬁl@meﬂ&e%ﬁg t%?fﬁsje_hgﬁﬁsl A di sadvant age of

i'ece processing syste is that current
[0069] actOre tHe EtOE hand, Workipiems prockssing spsiese 140 sadvantageous

becayiser i Seler aae e RuAl MM PSSR RNREIG FeieaD sivopdoed with

refefehk 4 .iwsn%%%%gh'e&ﬁﬁ{;uigﬁmglraﬂ@&w AIBWi prastically all of the
shutterithg or turning off Taser 92, such as by a

powé€F nvaserhbemitdibdndthpings o target logatiens as [ases deags 146U and
146%0069] On the ot her hand, workpi ece processing system
40 i s advant ageous because it is sinpler than the

[oo7dyal FM PERENS Whifeirmativéesrhbediftries erlasechedrh iBwitching
réeference to Fig. 7 and has a high extinguishing ratio

systema? 1Qain whish sr laser 242 eyits1 3 laser PRaMpelfeinat is deliasted oy fast

steclf ook PRS0 S0 ShohEBP RS A Sams ahdoo.

FSNBE’D@gi'éfEl‘Hbly)énﬁ)ldJySS@ mitverhawng tecdeflegtion singhe @d0is controlled by
which a laser 212 emts a |l aser, beam 214 t is'

matefials iatdrnsipta vpages PUERTE 5%\18 fi19pegates

simir ?cfﬁrb%&\farfdn‘iét%r aAders RASANY RS bYLat ﬁ@l&%ee’@'ﬂp’—tb& 0 times

ra det | gl e

prefe y enploys a mrror having a ection an
fastertthan igalvanomeaietssaandgversareangller dafiectiondiespa2@2 of up to about

yol tages J nto.angul ar _displ.ac ; ESM, 2 0
5 mil RS P S e B RS TE Dol ANy ARy 2P amoutr
deflédtioRNaHGa e RREFS path lePgliP224 Rt i§ aaffielentipadng, preferably about
gal vanoneters and over an angul ar def| ection range 222
one pietap to sepamie first and second beam paths 218 and 220 by a sufficient
distance 226, preferably about 10 millimeters, for inserting between them an HR
coated right angle prism 228 that further separates and directs first and second
beams baths 218 and 220 for reflection by respective first and second turning mirrors
230 and 232 to associated laser beam scanning heads (not shown). Switching laser

beam 214 at a location where it is smallest in diameter, such as before any beam

16



5 mlliradians. Deflecting a typical |aser beam
dianmeter with such a limted angul ar defl ection range

WO e@e62766 a path | ength 224 that is suffici enedyubmng(43112
preferably about one neter, to separate first and

exparaarn dobnkhmirpaizespathde agith Mreknumradstufsﬁffmnmly stiparatedist and

| | t t.i
secdiaf el 4 Hearn2fness ey pregTes gty Rt AR BriERA2S,
[007 4 t ESVSEBRR g% 2 tWo ixisedévicd tHatlcoalitkuphe PRFOVREAERitching of
bat hs 218 and 220 for reflection by respective first

lasesbeape2thib merethan twao pesiiongoFanexapple; ases beam2 4l could be

cirelyB35b 2258 KR AP RGeS i YR chBS B Figs. o

and digagEhgintaif CoRst@ast tdraTae canditibaarerapang €2 andMininize duty cycle
mnimze path Ieﬁggh 224 reqw red to sufficiently

relatesijaser kegm powes stpkilily preblsEtshs 218 and 220 where they
[007""2r € rlf‘a@e‘?%%ﬁ% Mltéﬁd%%¥%%§1@ ﬁlé\f@é%ﬁﬁterﬁ&ﬂz@r ogﬁ%@ﬂager

tWo- axi s cou rther
worlsmed:@ brcm@sei'ngl SsEm Hnaamgm:é Samnem/oemldaw ptomssmg throughput as
sition er beam 21

a twBRsR SATETD. N BPERYS Daes A QYhq Todag the workpiece
procé’s P‘ thré a%tlﬁsérq;e%rnegmcﬁﬁgﬁlrﬁé ar®1e389ha® 1iPnEei ntai n

constant thermal conditions™in |aser 212 and mnim ze
[007f]t y Laser bepal switchingsystepeatd jroadvaniagenus bgcause the use of a

sincff B5E R araRdAbn s PRI Pt ) APpRiEBRED 40 Beroent

dep@rﬁcﬂﬁgm tng tppes bersbamdquiredh as Sanpaned mh%:ﬂvd)ra@@esgzst@m
as a two | aser system_ provided the

[0074] rac s 14 sbews 3 Heemaub e s aiauEes b GuoTent Mitasavity light
beafiiuliBRGind FRELFNIGEDLORCHIITT othér alisRaldlér cortbuffently two

outplmebaam dffpolarizatioh mtel-mgUeIatemlﬂaghtamisalssqmlsnsed_aser system
[ duces co cent, to 40 Berc

300 Jie 5% Tosnalona0a i WRELS e ihiatnd susdiia04 s
posMbﬁé’d élotngoa béﬁt‘ﬁr Stht "Bet&v@@ﬁ‘g QiEvditchld0$ 8R4 \fbr‘a%ﬁa'ebptlcal

tem 300 configured to 1 nplement intracavity |ight
retat@ar&mum pptrmmgwgoumamﬁrtbat saaptically assaciatedavithiasing medium

al t ernat el rently two out. bheans of ,
304 BrodaeS himbirL yaiR 26 Rtiiite ot e of L8 helun04. A diode
lasehfssae réfefbaPudiiiing BeLKRES1 D BasRT steerng aiinbrs3922 hAd 324 direct

which a gain or lasing nmedium 304 is positioned alon

the @Wéam%ﬂweqm Hhgdaserpeaam jprmad @desgrr@sanat@r i3QB1atong a
portfifdr&Riart Bl S8 pobibertaBUrRIBAaRR bnil foridi obfical retarder

310 pm‘pghn @oldrigirg beargtsphtiéaB% & pesiiomedat an oﬁtpluasizagpf variable
um304 iode | a referre unp,

optidhl (RIS 0. Hether Seenatnt o0 eaPh ok oS GRS W laser cavities,

the ﬁr@?omﬁi%ﬁgéhbﬁﬂedj bg%%'aP Fhll%r BQ@ ahashl m%éé‘i‘n%pdlﬁﬁ%é% irror

'aser resonator along a portion beam
surfagst 9@2 of hdissiroutpeioroapter IPPframdwivigh |8afb’r5t90|mtput beasm propagates

and E;gt ?t%gcg]rgecatl wh ICQIJ]S ggﬁﬁff ng%arﬁpps%[%%& antlr%t%ca%%y diic%roic
mirror surface 336 of a second output coupler 338 from which a second output beam
propagates. Dichroic mirror surfaces 332 and 336 receive incident light propagating
from the respective outputs 340 and 342 of light polarizing beam splitter 326. Both
output beams are of the fundamental wavelength established by lasing medium 304.
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optical retarder 310. Laser resonator 302 effectively

establishes two | aser cavities, the first of which is
walsfobnededy a rear mirror 330 and an intracaviRgr/uS2005/043112

dichroic mrror surface 332 of a first output coupler

[007334 G-8Witehi308 chahigesith® 'l Pilie REMBeR rossRAbES0A M dsbBnse to
second of which is~defined tééﬂrtear mrror 330 and an

an apptiecCaswitgh diivsignel 344 by serativalyeradaciog highsand inw Q states

of tagbh BhaRYS0B, FHENNETSH 8 CdyPed BRRRCHSH SR w8 Time-

displaeegilight piigesedrid thedbiv Qrstitadriuises prodUBtiohefmaseromry Yew
~outputs 340 and 342 of |ight polarizing beamsplitter
intersity regiguip! light pytseseans are of the fundanent al

vel i | 0g: [ : |
roo7ff ¢ ILERF SydehfRtd BBl S Al diatt ek resonator
302 ggin 'g\menafrpou’@et Ibeamiswp_bbmdih@rﬁm tagblr davitye 16lagireg mfedium

by sel ective r [ igh and | ow Q state
304 [SQidpOY e iR SUSh 25 RS AR s dpRa assisgaonator 308 s
mairﬂ%ﬂ@HCé\)eﬂr\NI‘Pén Jidpie! tiE:élW%@é Bt 8¢6 Salis&h pRibrizafion 3tste
the Tow Q state causes production of no or very |ow

chariget ey 80 tdegreas. difitdsing giediyn|3dsis of adie}ropicstype ssuaheanYLF or

300 i fi d i nt ai il lat] in,l
YO deiae) 408 Sab o i Bullodie! poiriAlon tiatd8 Blffpr and
therdbh\Pi@opaldiss sustarbhde of StabRsbs@lidtRM. UNo SPératé with anisotropic
i sotropic type, such as Nd: YAG oscillation in |aser

lasingedgdias grsegondilasing medivmeiP4a/Showndn Phantam lies)eh thgisame
oo i oo} 21 B 7 SAA O B EhgnBahYe Wiasing

mediune 304 sdLthabtheYM@lorthvegmtihpelarizatieng sfatess omnot bffettveavity gain.
onal golar'zatiqn states diff

10077} 16 GRer81a% BhialiablB oPYEaITRiTEeE 519 Flestiiiag e producton of
the REEARY §%atsﬂdﬂ?@2weééﬂegﬁgﬁ%%nﬁ 3 Gbipit CRAMIE J5ARI338.

nmedi um 304a own I n nes) o me type
Whensvena doive sighal 346 applied és yanalle cgtizal retandehdgocauses it to

o] B EREEEHaF Shetfodih L SRbRL TR B b VO
prop&gtesyfr@fidutplt®Pé! s dinected dyaidianiing bean siliter 8Rbite dichroic
retarder 310 determ nes the production of the first

mirratrRuriases B2cand886 nghexits eqngyamiently asrsepasalehaam components
o R P0 B PP EP o SIPEodp 45, 285, Wienewerove

signalrgs ?pm{wmuﬁrhere mptli/cml :']a’eaie}a-ﬁﬁmasausafsi inlol altarhatelyginipart zero
circularly polari.ze i.ght pr ates fr out put 328,

and Pge%df&@\@qp%v%aspa??rzw?f@'abBaﬂﬁ@g|qf pn@rhaii{zr\]saf(%PeL{ar ation) to

incidehe g SIi%éWEo%‘r‘f&Eé‘ﬁ At éé@m%“réﬁg nes%i'n B¥tdut 328, is directed

concurrently as separate beamco ents of the
by pélandimgeresmh sphtter] 3dftondithioic ourpusurtangsl a3 3anand exits

atergaE P g G el L8 3B, TR e RaR5 Bl sional 46
descfibed Hede Applicaties |4 pesaidton3dDrirrespédtie of whether it
mul tiple of one-half wave retardation) to incident

containghasing mediear 344 pbisetropiedype ghtasinaamegiad@d and 30dash
anis&%;ﬂettygéz.SDribé sﬁynfa?ghg gepresents information derived from a tool path file
residing in a processing system and is delivered to variable optical retarder 310 by a
pulse generator (not shown) as a pulsed waveform.

[0078] There are different coupling losses in laser resonator 302 depending on

whether the fundamental wave exits one or both of output couplers 334 and 338. If
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by pol ari zing beam splitter 326 to dichroic mrror

surfaces 332 and 336, and exits alternately from
wmepoé27eoupl ers 334 and 338. The vari ous st atBsI/0$2005/043112

drive signal 346 described above are applicable to

; At i . : _

the oo VERRTEH0 10 ek ORI UAef o ohElmhtly gxis both of
outpure doapld8433hdnd 338, Hseandsomatad(? wifipwt fhodvee esgjiation. Thus,

346 represents information derived froma tool pat .
propét eleEhion i His sonRING A & b ey Stariamar poRGbuRd Ry gustained
osciliftior@r i abl e optical retarder 310 by a pul se generator

not shown) as a pul sed waveform [0078] There are
[0078]f f Skilled perspns mill bppresiate thatplagemeriiananiingapcrystals

.endi ther the f tal it
funcl§BRGas Sheppe Bl P erg T R B a SRRy Py i, at
the M@pUR dfoute® douplsts B34 Arite338IndarEpiclucedits infrared fundamental
concurrentl%beX|ts bot h of output couplers. 334 and

wavgpgltravigiatlightBearmsdn aiemale or carturiiddiching-canadilityn.
[OOB;BE_Bf)ﬁiQ.L‘[%)glﬁaoﬁg L8554 PN, Pim 40 {dgﬁ@ﬁgﬁpﬁgﬁdd@m'eﬁt iracavity light

¥R 2Rt Pibur ng
multipexihd dhat@rovifled éshcdkentlyetdvaptbirdehermanid lightutputeieams of

polagigainiie b MamLsted HoPLeBTeIon Frbge nbars xR R dfes from
Iase\% %Hﬂso@h ﬁmaﬁr@iﬁa@éﬁ fosBhafiion uasefe%yﬁde% 208 Tbnidiss 8d8ed

produce (for infrared fundanental wave)

harnodnic &requercy penenativeand fixedaoptisaheatardaition sievineseheam dump

, it chi Bty [0080] Fi .
ciongyt toA%eS SRIRb iy bR il ias Loy yE5ripg aerenty
chardibterizBH efi¢Higict SitfacRt Of iodgsut CoNplers 884 landt388. Components of
third-harnmonic |ight output beans of polarization

lases sygtern#iflicoiresPanding ta:iossial iasanisystem BRYare dayitiépd by
idenfig8) er{r&ﬁé@pL%‘é‘i’&lE?&lﬁd@&’B};@ R0 I that the |aser

onator o aser system%4 ont ai ns added har noni c
[0081] equelasyer pesvratdr 302’ @sthbiishesleffpitivedy) twelasedaavities, the first of

~devi ces, beam dunp djchroic nmtrraqrs .as substi es Jor
whicigs HeGed Py AgBr Tirres S50 SRc dIchRIC Miftar SiRaes Sae|q) first output
ter hER @ Wi f 1 i
couES38 4 SESARYA R BBy A Encr 090 810 B

mirrorosurfaree3 3’ of aseond putpeitrca0plendas’. ddimdrfsugiacey 332 and 336
T T O Y —
wavéeRglhessttespdndine® thelRird hafhoRic ofthe mﬁc!%rﬂ@rﬁtbnﬁd%lmhc%/

0

rear mrror 330" and a dichroic mrror surface 332"
estaplishad byitasing medjyne 30434t asaidesonraterdgA castaing iaprontical

o b AL e G R 4 v
harnsoni€ geaeraié404 rahd33 donlimddraxrystahfeinetioning ragt dnsecond harmonic
corres ondiﬁ)g t he _fun(ggment al fr

GenrPiaTATR: 31 19 AHTLPERIE TS BPMESIOYRIARE OBISHIStHe310 and a
o FAIRD e g AR ek SIS 5 K i
pair dp8itamismits light of the second and third harmonic frequencies and reflects
light of the fundamental frequency to maintain the gain value of laser resonator 302’
at the approximately 1 ym (IR) wavelength corresponding to the fundamental
frequency, at which Q-switch 308’ and lasing medium 304’ operate.

[0082] The operation of variable optical retarder 310’, in cooperation with

waveplate 402 and harmonic generators 404 and 406, determines the production of
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retardati on device or wavepl ate 402, a nonli near

crystal functioning as a third harnonic generator 404,
wamde/acrienl i near crystal functioning as a secaru/us2005/043112

har moni ¢ generator 406, all of which positioned

o B B58 U FDDARI B blodt B3 b ERRGAERR from
outpdt gdsllipﬂeltsdiiﬂhtf laod 388’ ]?ndQBe retarrsof the ﬂJnfgllameofallt(ﬂFE)htmmtmlla&ng
nd t ) lect t ,

mediiia 30AHaHRAR B THPAHTIEHE DEBTRSCHALIG IbHS S 4PROREIPE02 . |
the é%t;é;@ﬁ%rm LERRP A0 Eh.?ooﬁam%m& pe 6%47%&'3&?%@%%8&";

ength correspondi ng he fundanent al requency,
enaatom%mremade oh LB@Cryataﬂ WIash igyCutedifferantig4or each of the

S TS R BT b A o s o
seccﬁ\%i”r%rliﬁcﬁ’lr égé@éra%m()@@he fiRlep bEhRSeXilify SécsHeCha@ibnic generator

ofthe thir har noni c beampropa ating as two

406 eeq)wtammdm seranshharmanigvenes wit dvmﬂgsml Belarizatien

sl BEpl iAol 4P Bk oA icnt o

thirdd&gimonig gémeratbrlmeéxw ie 2o Maidam@&ial and thitchkarendidiwaves with
_of Fi Eﬁl third harnoni c generator 404 and second
uniforalya r!?ngW@F'éﬁ"éﬂ" 9%6teSar e nade of LBO crystal, which

[oos'?i iy MHibRE RAbining He %Bﬁn@ntél%\ﬁﬁﬁqagmaqﬂe&hh{ 904’ and

rmoni ¢ generation processes. In the case of a type-|
therepb)on‘esﬁalhmg fedanmentalrwave cscglla’(@naNMnlnAMr rebenatas802’,

t t 06
wavAEHE (o B oIBE bR MRt SonapRLoRlAtRY SAEHSSHa e
fundBRIeMtaIZRVeOBy ShalfRmartef MaveRFRth BAATHe titd haensrRe Watke by one

har noni ¢ generator 406 and incident on third harnonic

wavejengthifo eaglo passi il herefake, maveRlaia AR imparisigiicylar polarization to

{2
e RGETRHE YREr4pbadiR 28 Plter ROFYERAREEAL Bero boar
splitleaBe6t and has ho affetit Umtﬁééolmizétubdﬂ sta&é)of tree thlrall hnamg)nlc wave.
f undanent al wave oscillation within | aser res

The gpgratiopRfygriable apfical tetardey 1P determinesfherprp gctt%t ¢fche first
1

and B D P I SR I MR TR, Bhd DG Appiving
to variabtemeptizal etteandgrt 8 fia da*aaermgmls’i%’r treataipads nmapllyaﬂwee-

402 t ' l t to the fund t
quargrue ol aetastian o Gerbid RermPrisvork apt 20800
wavéIBHgitrebsaBtsRtd tHeefunddfmentdl cWJ\»@SCCSH'—\/eﬁ—‘ﬁ‘sftﬂétmr@l]latrIEQ)olanzed

pol ari zation state of the third harnonic wave

fundeentaliveaveoto & inearly @olaﬂz%maveéotat@ébymegi@esereiati&to its

orgh A A Rl B e SR e itBventa vave

on w@vabwt@gozo Therlinlairg pwiriz@all funéhienieal waM@' prapdgatieg from
gnal 346' that inparts nominally threequarter

varial @pwﬁjtrﬂtarr@@rﬁb%w Bisidest One g Hie Ve foRAGe 3R OB A6
depeHHfindBAHE bri bﬁ@:ﬂgﬁ rfgggé%ﬁwg})h&@r 556, HHA{REmY ks back to

wave” converts the ci
variable optical retarder 310’. The return pass through variable optical retarder 310’

converts the linearly polarized fundamental wave to a circularly polarized
fundamental wave, and thereafter the return pass through waveplate 402 converts
the circularly polarized fundamental wave to a linearly polarized fundamental wave
oriented in the same direction as that of the original fundamental wave. The linearly

polarized fundamental wave then returns to fasing medium 304’ for further
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fundanental wave to a linearly polarized wave rotated

by 90 degrees relative to its original linearly
w@uioané2zed st ate established before incidence EET/U$M®05/043112

fundanent aI wave on wavepl ate 402. The I|nearl y

OSCIP&[CQ{ I r et gér}g:%%éeﬁ\?%l nCI ﬁ?ﬁa:ﬁgbgl %II[’] r ol fﬁOf output

coupiersfm aBaB3Barssét so th‘ab#lfdpolgrlzatlom stabes ehtlhetnetmn dfeams

e R M T
[ooaf4!'|" Owgﬁaarﬂéwbhﬁ)ag@hbﬁ df tW@%éF)Ql%ﬁe iR hsﬁﬁkyrﬁ& tb?-eah’m@omponents

| i near | ol ari zed fundamental wave to a circul arl
thrown autmcoﬂplaesaa%tamd 8 ethedhitd thaemeaia wave Atthedirgt incidence

on vBFAElei P ATRRERY 01 € 208= 680 S Bl el ARy el stfte white the
fundapishaaBiia uM@ergoes bBBldfhrial dle retdrdation etrhecmcarfarly polarized
that of the original fundapental wave. The |inea

thirdfrareianie wave ielinsidenis pnpalarizing heaat spliter 8461, g\mlq{'gspllts the third

narrifiEWBvaddio W citlfarlFpdiafized BeaRlloomBeneis, GRSl which
propogemﬂthmmgﬂ adiffedent or?mdf @isBtoiaserfacds 382’ tdnrgt 336iand exits its

t t
respREIVH QG 5L SUleR BPvigleuasAanc T LTh polgrauer siate ilaonship

cau &O%ref-[ﬁe aﬁoléﬁi’ fg Ped Hﬁ%ﬂﬂe‘? 13281 td difed IR liRE &y Boléﬂzed
har noni ¢ beam conponent s t hr ough out put coupl €rs

fundameregdean teoneiof dichsoimsnrfecemds2zand BéSfandsclrcularly polarized

thirc RO Bo ) gttt RPYIhRYie SALAEEC3 a7 e s Dighroic

surfdde832TR Bfl@dts WeeY RundRefIragiseatn ©agk as i ium 304’ for further
retardation. The circularly polarized third harnonic

amplifications and diduaic syrfages 382z ang 3g6atrryMit theeircgarly polarized
thlrdVWH @ﬁ ‘)%/5@0% ner n&%g@ﬁ}ﬂ@ﬂ% zégtlvé‘eggwtu‘f\?owler%334 and

338’propagat es through a dlfferent one of di chr0| c
Iits its resp

and 336" an X ve one of |
(0085 » Siilest pirapas haprrRG B at reRIV NG VaTo At 407 Sbdapplying
to vefr b?é bl retafdetsPRy atd"rﬁfe%@ﬁﬁ 34 Itl‘?e[t'a?t'eﬂ%t@fgqmparts zero and

splitter 326" to direct the linearly polariz
one-halfisavetength betandationdoe thef funidamenital wave widlgyog@iz' prapagation of

' d_ci | ay | | ari d h LG, b ,
the 3 haRBAE v Alemafly BbRa slibys3olRldiRS5E: 85F Bbs.
[008@1 Chﬂ@lé?se‘ils §ef®s S0 and A00E Rising hfedia/p0ARA T4 BRApreferably
back to IaS|Y\2@ned|um304 for turther anplification,

one ghtidal A BEr Lo farcds (Verbium fitesdaser: asmilaeripger can be of a

i
masfi ol RldrboR Ay LA b or GAERBE (E Sfones s08
and BO&%’]B fsefdralslg a@eusmnsptw mbodalztomsc i @iswvitchas capahlemfg;upportlng
vepl ate 402 and . applyjng to variaple o
two S RRGHRIEY Slgneq Iahing A A8 COPGRercRlY 4Ratias Verigble optical
retar‘d@%a?m af8'A OaEQn BE% BBH oMRPP BRLA), éﬁte%(#@ﬂé Sf‘tﬁe%tter being
undamental wave w || provide propagatl
a LINGSrI@THd?mmis:calb(\BéSaim)srdnweeIQy amEtaotyio @phcpSwntchmg Module
RVD r%%%u?’ac%ure%rby IEJ’I%S Photonics GmbH & Co. KG, Planegg, Germany.
[0087] Skilled persons will appreciate that third and second harmonic generators
404 and 406 producing the third harmonic beam at 355 nm in laser system 400
represent but one implementation to achieve harmonic beam generation within laser

resonator 302'.
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[0086] In laser systens 300 and 400, |asing nedia 304
and 304' are preferably one of Nd: YAG Nd: YVO4, or Yb

wda Xiobes6aum) fiber [aser. The fiber |aser can Ber/v$2005/043112
master oscillator power anplifier (MOPA) type and/or

- rooeg) oG o ReRhhaRR0d Rhoiting B BElFERBR riay be

implemepesd differéntly faorh tleg impleyeraiigrededaided abwrdifer preferred
commerci al ly avail abl e Varlablg §¥I03| retarders 310
embgdtments: Fo5exXgRIPE: @géyqslom@epae y_teding mifog dgpigee neay also be

used QQ\I/ées%trtkt))%’érrpg\Hﬂ&ctﬁg bk : SC%A\;‘Pét?glﬁebﬁd %@{j lﬂs(e%[g@/"%e employed

targetaouétantsuneyl beyor_siNgl® cF?‘rmUtmee:wofkrh&d:e& Eser KEam swﬂchmg may

, Ge [O Skille
be elfpRRadrara HAD RIS dhias PRGNS PR BT PaY bp smployed
and 886n @Fﬂnefi%serea@u&b%r wt%uwswcﬂw aPBh§ n@BpleaiatBSAOMs

nmin |aser system 400 reEﬁesent but one
mayihepswitehecaby singtecorambiltiple: Rirasavseess amethﬁ@@ﬁen@gu heads

el ey B ieraORES Salorishese s P oS Sl Bah XY cgrainate

pogu@mhgm@mﬁﬁqUégfferently fromthe inplenmentations
descri bed above for preferred enbodi nents. For

[0088) ot Will bephviaewia sillegworkarathaignany pter ¢gbanges Maybe made
to th%!o}?%lrég?ﬂgﬁ%b%velﬁ%ﬁbgg %m utn%H erIt}gcﬁ}fto%%%rtlr{ﬁrom the

| asers nay enp oye

undérbyire ponciples\ofitiiee vestiog! d hersoopetafphe pmelnplre@eson should,
| aser, beam sw t.chin effe d to nore than two

therg%r %mﬁeiéswmeﬂaﬂ'}% By ﬁt&% {qth[eﬂwéng g “may be enpl oyed
and each of their respective | aser outputs sw t ched

among nul tiple paths; AOVs may be switched by single

.or nmultiple RF sources; and the scanni ng heads
enpl oyed nmay further i ncl ude gal vononet ers, FSMs, and
ot her than XY coordi nate positioning techniques.
[0089] It will be obvious to skilled workers that many
ot her changes may be nmade to the details of the
above-descri bed enbodi nents without departing fromthe
underlying principles of the invention. The scope of
the present invention should, therefore, be determ ned
only by the followng clains.Cains 1. A system
configured to direct a | aser beam selectively in
mul ti pl e beam propagation directions in a coordi nated
manner to achi eve hi gh-speed processing of material in
different regions of a target specinen, conprising: a
| aser source emtting a | aser beamthat includes a
series of |aser pulses; a beam sw tching device
receiving the series of laser pulses and, in response
to a beamswitching signal, directing first and second
groups of the | aser beam pul ses to propagate al ong
respective first and second beam axes;

22



a first positioning nechanismresponding to a first

control signal to provide relative novenent of the
woRboedic2seam axi s and the target specinen to seCeaszosioy3i12

position the first beamaxis at different first target

regions of the target specigigm@and to process nateri al
in the first target regionS of the target specinen; a

seclontl systsim renfigiyeshie Hitatalases beadi sejettively Bewmaliiple beam
oroB S 4RLAPRL 1 SER e oo B ARSI B oerocossing o
mateebbiugdi?eﬂem {:egmme; ohat efﬁﬁ&?ﬁ'lelﬁ,etéﬁﬁnﬁﬁbﬁlg.at ?i fferent
secon arget regjons o e target specinen to
pr Gclaser %i?"_@? ieé'l'iginﬂ q lpses b@@mhﬁgk‘@bﬁfas@sm off lasérpulses;
b S am BRI ddiG fcehing LB B84 G UREE hd. in response
to adiegmaiswittbingfsigre, dicestidigrfasteahd yeta @papbalof #e iader beam
|first and s{ec nd operat.i opal sequences; the first
PulsS 4P APEASIS ARNRIHSPoFT it AGD (9960B8 RePEAXSSI ng
{ OB phdiRing tnddManidm Fes ity O a AEREoniBRTYRE B Brovide
relatiegymsivemartiof the finst besint aximiang the tdrget spegmenitdisetpctinely
& i V- n enab] e first gr f | aser .
posfifihthe ffss BRERTERE ot QifePRRt ot o feBlosi ddFe Fargpf Shecimen and
to p:ar?egftnattegbhh,th@ﬁ?tltélﬁgéit Pégif)ﬁéfoﬂmeet"at e ket %gﬁﬁéﬁ",i ng by
e firs roup. o aser pul ses, the secon
po&iSECceRd m%snwgmmgﬁh@m@& gisRgnding te & srdond canirefreignal to
: i b j one. of
provide Rghld fieveffont BF G RO IR Ak Shd e Taldet speinin to

selestieply positiondhe:deognd beatmeanis andifferénitgedord earget FRfibh6f the
i nci dence on

_ the secon roup of |aser beam pul ses for

target SR fo i s ateRRl i he Sgrbnd Lemet Waidmiof the targe

spedi@eht i oni ng mechani sm providing the relative novenent
to enable the second group of |aser pulses to process

ma@ €ontpllenproducisgitee bednmsswitching aigmet aned dhefirst and,second
t he, second, grou

I e teri al. cessing b of
contffsighs, e efiB: o RinBle SR Cmaf ik rishfecor Gperational
sequengesdi ng the rel ati venovenent to position the first

beam axis fromthe selected first target region to a
neiie ffel ererationasegrense indluding the eany swjtahing devicadirecting

- - - . - b .
the fREEROBM N bl biifieb 181 inERERLL Eh st B3 IR O BBfirgt terget
regiatis{ the first pbsitionimgenectanismi srovidingtheqelatiok évement to enable
roduci ng,a control drive si %nal in first and second

the fi5tqrou 1456 PatRpSJebReeSpNRtalial in teserlpeted dirst target region,
o SOHB T RAERTISLL S5 by 116k 3k BF 1 BRBH) g scone
positignirg machasseo povidiog $he relptive movemient to positiopehetecgnd beam
axis {ona 'SERILL Sné Bf %h%esééorn%tta?gne rg(gel%%g;d ar? ates of

the second operational sequence including the beam switching device
directing the second group of laser beam pulses for incidence on the selected
second target region, the second positioning mechanism providing the relative
movement to enable the second group of laser pulses to process material in the
selected second target region, and, during the material processing by the second

group of laser pulses, the first positioning mechanism providing the relative
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the control device signal to produce respective first

and second | aser beam out puts propagating fromthe
weBwene7ecoust o- opti ¢ nodul ator; and the firstPdEHES005/043112

beam out put including a nmaj or conponent propagating

mov gD RTINS SF N A eGSR gt fpgjon to 2
next sBRCSGREONE of BfeefirsPttrgef regisiisudi ng a ngj or conponent
propagati ng al ong a second beam axis that is angul arl

of2.s Atbeand fmitaking devicetbahTeseive ssh trsgr ReABY a%ﬁw@ﬁgeam
outn e RREABE! eI RN T SRR, catprshe

g Qﬂ?@ﬂt@dlsqiter@tbducir_’ig _aTdmtr’@gdﬁv&gilghaEinrfgsﬂaNd secmfjd statesn
,..further conprising a bea ocker positioned to ..
t dirst and seeond W'Y@@ﬁﬁ%‘ﬁ?ﬂ %C%%%'QQEF m@itﬁ@terﬁ; the, first

fok L Sk N t ) PR3
acoustd-SpHE HORAABR BN aRHERARGIafiHoarl, ard theSfnd second
acoustu:bptie mddulatorsseub peatinglinRiesponse tastherfirst am@ second states of

the OREBR AL siahel BEorutkE darha e Mrsli Ay seadnt Tapekeart Btputs
prop&§atify fbmi the seRBhi Acotlsiovptid mbalilatéhenti rst RF driver
causes the first acousto-optic npdul ator to pass the

i iberfirsigasersheam euitpudneluding cemaiarcamprnant inRepagatingsiong a
. SEeco - [ I .
st b SA8EAs AR 2B EnTREB50 A 25 HHRBFfponent
axis,drfd thecdecohd lageri alapait iuolddm_gea:hwfjbfomnﬁmefzr_ftmmpagaﬁng along a

maj or corrponen_t to I atin o] e I I.st eam
secogg|teag axeBanis A R (1M Bisalyat PREMAGR gnadninor

/ . . L ! y .

comiysit Popalq E QTGRS skt ORERRST) U0 apgtntal
coindidest todhd fisstanindr BEMgonest axishat are operational ly .

acBuLhe bear ewighin derB o aain 4 RbeCERmRASERE hegp blooker
posifidfedCtefrAinats tieemiddmpdiiats prpadaliig Sldnteiheciris@sd second
the second acousto-optic nodul ator to pass incident

mindricgmpanenaaxeddef | ect ed beam and the first RF driver

caps L[ . - I r to diffract
t h‘ie{i ﬁ@%k%%a‘ F\ggtérgnﬁégjéﬂc% o&%ér'm ?ﬁg%rrﬂjagr conmponent
pribpagatrioner iakluaesfinst srrcssubndeRMdavers thad atdeperationally
conmponent to propagating along the second m nor )
assogiated Mtk the fespedive firgt HhPecahick 24aUs-aRYS Bodaters apd
2, inlte Wt SPatbf the eaﬁtréifwriv%esqgﬂa, fie firsBRPYdrR%F ealigéSthe first
acousto-optic nodulators are positioned In optical
acoustr-bpic mabdukatboteepassothie, incamipradaséenibeamizsaan snfefidted beam

ncicB§E i i S25E e e Ao BE 3B B8B0n R E* hriver causes he
second acousto-optic modulator to diffract the incident undeflected beam to form the
major component to propagating along the first beam axis and the minor component
propagating along the first minor component axis.

5. The beam switching device of claim 2, in which:

the controller includes first and second RF drivers that are operationally
associated with the respective first and second acousto-optic modulators; and

in the second state of the control drive signal, the second RF driver causes
the second acousto-optic modulator to pass incident light as an undeflected beam

and the first RF driver causes the first acousto-optic modulator to diffract the

24



and second propagation path portions, each of the

first and second | aser beam conponents characteri zed
wannoao®Rr@t e of an optical property; a set of @@a/W82005/043112

nore opti cal conponents cooperating to inpart a

incogﬁhg'iés\éi beBANEES r‘ﬁ thg‘;r‘n%r)?‘wﬁ hehf o ?ﬁ% r?é g%@ﬁgﬁ%gs%cond

rst an second ‘l"aser eam co

beanmvbs aad tthe niinostorapdneredo oo paigetingedibng thesdcqgral inirors
ta common propagation path portion al ong which the
CO"‘PPP@P Mt second | aser beam conponents propagate; an

| MBOathepbdrf SWHEHRIGU iROSH él?ﬁﬁ‘?d RicH thbfﬁr&%mmcon

propagation path pdrtion to form eam shaped first
opticaliy@assoriatest aceustooptipanedulators hee pwgenied)pt optical serles

h al tribut ht
of Tt elopte? &P8L B Iiper Bedin palihiRd SySat i
befirst aRbisebond RsEr et BofPoh 8RS pHBpAhRtirEaIBhg hadssttive first
first and second | aser beam conPonents propagati ng
8

and sPearRd PrRP2SHAD P DpEiPas: eactpat hedisst anm samndjiarseebeam
comgaﬁ&fs%h%?gﬁéﬁ?éﬁ: ﬁ%w dibte! S¥eIH o bR %?%e\f'gl;t ates of the

al— proper pr opagat i on parate first

and setobonke outrmre qpat:hl qumporerts cBopditatingdaimpaittacielatye
of clai ich the optical erty is

Chang SN EER 5" i QNG PRORRTBLO! IHoMFS! A1ckERETEHlabgbeam
comBbREMS AN ébrﬁmegﬁe iFst %hass%ceha rﬂra.s Bn PshWertbridifto a
? ) %?e{ beam

irst and second beam conponents
comgwint @ﬂ@pagaw:spath pdrtioh @longrwhich thmﬁmt antesesanddasemeeam
conmponents includes a phase-changi ng

comgg(}g@rge%gg?q? Shed in one of the first and second

Pr ap agaged bphed AssEmblyPusitRnddaaleRg dd ébmendreidpagation path
conbi ner positioned to conbine the first and second

portiondp seran PeAMpsharasbiinst and speensd taser b@ﬁmprpp@p%@at therimaged
optlc%aéélqs%}t/ éﬂ%lﬂé%ﬁﬁggfédlgﬁg)ﬁg?ﬁé bR ﬂ%r@fﬁ% ﬁmé%f fll'g 2 dsecond

Iasehbéémvmnepqnieattg andl. The beam swi tch| ng system of
claim?7, beam_swi t chi ng devi ce conpris

C o bapi siie) Pasdioned te dam tiebeRTrehaRsa sk Blcksscond laser
bearh & %ﬁdﬁé‘?ﬁé’ﬁﬁ?b‘ég%gﬂg aildhsg'ﬁé%?ﬁﬁ]oh rgﬁs%@gm 6&h ap%r%}?bnd

t he rst a er beam co propagat 1 ng
direct dherarin iastordance vgtht ﬁhlelrrrespecdme\mmfelsrcﬁttha optisa quaperty for

ropagation at rtions. 12 The beam sw t chi ng
propBpRi8R Al it TS! 4 Recard altpErBSBRGGRF

assetrhétt%@nagwuéﬁ.ﬁgcsgbte% @élkéirﬁt?orﬁm{cﬁh ﬂﬁ@sdﬁticﬁﬂ&%pbﬂy is

optical series beam swi t chi ng system of cl ai m

phasg andhthghietativerrhanggrin $he states of the property is a change in phase
displacement between the first and second beam components.

9. The beam switching system of claim 7, in which the set of one or more
optical components includes a phase-changing device positioned in one of the first
and second propagation path portions and a polarizing beam combiner positioned to
combine the first and second propagation path portions into the common
propagation path portion.

10. The beam switching system of claim 9, in which the phase-changing
device includes a half-wave plate.

11. The beam switching system of claim 7, in which the beam switching

device comprises two optically associated acousto-optic modulators selectively
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beameshapedfirshamd secand (Eiser beam comparients psysEgatingfalehagthe
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source and propaga _ ( _
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c

f h i S b i t chi devi t hat
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I nci dence on the beam
19. The beam switching system of claim 18, in which the desired light energy

spatial distributions are of Gaussian shape.

20. The beam switching system of claim 18, in which the first and second
laser beam components propagate from separate laser sources that are optically
associated with different beam expanders.

21. The beam switching system of claim 18, in which the first and second
laser beam components are derived from an output beam emitted by one laser

source and propagating through the one beam expander.
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onding to an optical retarder dr .
| o f Iseeiceansasisuite o telgiaude Gl 46 Banetdie rtiele

ssion pul ses, th | ect ed t f
°“tp§§6§%’§F %rgg (Sjgg] ion inparted by tﬁes\?aslcagl eaggtjlnc; °
r ;aa ?udq)fing ebegﬂe optically Iaaf]rgnaﬂ@dtvhl& hilaging predivinAgsidgig in a
state o e heam t
lasepEsereRragPSe g oua el onpOBR L FTch r8udeiimeing
lightlo RENRAAE a8 A of theeiaBRRmMeBlrit er and Tirst and

second I ntracavity light receiving surface
coai@saitch g)osduoned avithen theelaser easopatargind Oper ating to change the

Q veflwle 88 ml%glgﬁe%gﬁla{cg ér& 5%%802\%{3% Fl S?Iﬁﬁ:hadmledélgﬁglts S&Rely

put” couplers iIn CCOI‘ ance

prodidciny Fubﬁ Rl 1861 @ Gt4tes witite Riser mwndam me hlg’pandeldw@ states
the “vari able optical retarder to the t ems

proqwirtge@ beag ofmmgltipkestimedtisplpgedioht erpﬁs %HS?%EE%THC%IZGd by a

S| the variable optical retarder to inpart
I'ghtao(%?aéaé@gﬁ%%o]‘ one-hal f wavel ength for the sel ected

anpuakiablef optittal cethrder tpmsidimnied within t%@seamn@ﬁor@@ m
in which. one o

st e Fe S RS 59 B ATl AP of optica
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modulated light emission pulses; and

a polarization sensitive beam splitter and first and second intracavity light
receiving surfaces cooperating to receive the polarization state-modulated light
emission pulses and direct them through first and second output couplers in
accordance with the selected amounts of retardation imparted by the variable optical
retarder to the light emission pulses.

26. The laser of claim 25, in which the drive signal causes the variable optical
retarder to impart a difference of one-half wavelength for the selected amounts of

optical retardation.
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retardation represents a nultiple of one-half
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woen@sRma pul ses propagate at a given tine thrergs2a5m43112

or the other of the first and second out put coupl ers.
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mul tiple time-displace em ssion
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emisgion pulsesfconstiiutes a fiestdredim,i amd fantiet bempeisingefirst aad 6¢ond

val .ue CO?$’§Er§€te to .cause one of the first and second

harpaniva\elenail @enealors ard an aptisaldstidatien Apyee positioned within
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and second out put cogglers and the other one of the

first pepnt angha sesood dessnatmultiple timeedisplacéd light emissiecpuldes
j ' ] { { th h th .
chardBlerizedty ZOR Ao R AR RS Tt fisP i serord Sepbichaving

harmdwichihsmlatey wWwansl@igtes;ai m 29, further conprising third
fourth dichroic mrrors positioned in the |aser

an
ca(dhet yrshand fmpeeaideutpyt seuplerstcampite wrspestive first and second
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lightredimen 3 1. The laser of claim25, in which the beam

of ,multiple tipe-displaced |ight em ssion pul ses
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optical retardation device positioned wt
coopessisniateauseraneopi the dirstyarss sensingt esh s irhresipectives first and second

et GG U gB0H SEHEE 4 i 57 e S B 3mSRt ouptrs
and the oibet bae f ties fiednlsedohd BBAMRAGh3esEEdtMRTIrSE M EseddHi net
first and second beans having harnonically rel ated

light \pelatizatign states ke pass irouah therethes opa©f the fitat andugsicend output
cou (ﬂgpri se respective first and second dichroic mrrors

that reflect one and transmt the other one of the

f i 3Gt Thedasrsystbm of claim 29, further comprising third and fourth dichroic

mirrors positioned in the laser cavity and configured to reflect light of the wavelength
of the reflected one of the first and second light beams for amplification by the lasing
medium. ,

31. The laser of claim 25, in which the beam of multiple time-displaced light
emission pulses constitutes a first beam, and further comprising first and second
harmonic wavelength generators and an optical retardation device positioned within
the laser resonator and optically associated with the lasing medium to produce the

first beam and a second beam of multiple time-displaced light emission pulses

28



i ght beans; the optical retardation device is set to

a retardation value; and the selected amunts of
woapbd/aateer et ar dati on and the set retardati on \Paimags2005/043112

cooperate to cause one of the first and second beans

charig{:}g{igéc? Egtai I\@I &'8 a?fz??&q sBRGORE Mi&tard %Ho@@éh% Aalg

one of the first and second

harrfHidHAl réRtl @aselendtishe ot her one of the first and
second beans in respectiyve p’lr second net

P ahaTstancoRestsPBg CLLPYLRUPIAR ST SAC R GINE Pt §Fd second
dichBMmie5R M HaehBEL o/ fPHRY EaBismit the other one of the first and second

light beams;

the optical retardation device is set to a retardation value; and

the selected amounts of optical retardation and the set retardation value
cooperate to cause one of the first and second beams in respective first and second
net light polarization states to reflect off one of the first and second output couplers
and the other one of the first and second beams in respective first and second net

light polarization states to pass through one of the first and second output couplers.
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