MULTI - QUTPUT HARMONI C LASER AND METHODS EMPLOYI NG SAMVE
Technical Field [0001] This invention relates to
waolsdisvat e | asers and, in particular, to | aseeT/US2005/010196
systens or nethods that enploy at |east two harnonic
beans to perform m cromachi ni ng operations such as via
formati on. Background of the Invention [0002]
Conventional solid-state |asers provide only a single
beam of | aser output at a given tinme, and conventiona
solid-state harnonic |asers provide only a single
har noni ¢ beam of | aser output at a given tine. An
exenpl ary solid-state harnonic | aser produces UV | aser
pul ses of 8-10 W average pomer in a single beamat a
repetition rate of about 1-100 kHz. To increase | aser
stem t hroughput for a glven | aser m cromachi ni ng
TAQURP U IHARMONIC AASER ANEY MERHRDS EMPLRMING SAME
systens with nore than one | aser head or a variety of
beamyaphditdiiFiglgt echni ques. These techni ques have
several drsadvantages. [0003] If two or nore |asers
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| aser nedi a, harnonic

[0002]) nv Soneergionahsblidestatetlassrs ptavitg only airgle beam of laser output
jcal.” i gn nd . addi tional.l | o

at a gl BlieC Bho cORRRna Rl 2k b iidis lash i rBide SHY 4 Shgle

harmedrécbeamiof !ases b'uﬂle’eait epgnvé@ timeWAr exapiplayisalié-stdi@haimbonic

el frphuts oty ool pelb WS Raspyeron BEURR bgar ot a

repeamH mte gf AssLgento gl Fo mcréa@@%ééﬂ s§ten Birdihpof foﬁa@h/en
ifferent | aser. beans _due to variations in th

'aseaméﬂr?w qa'f"ns [PRCESIPP o BEIRAPTRREONESA VR IS A dap et Systgle w'ﬁl

mor¢/ fHanarieq8Ser HeadW? o RIritthest LEahrEpIRIRY teehhiQlied. Mhese
conmponents. [0004] On t'he ot her hand, beamsplitting

teChP'QHﬁ%haY%§eV9§%J<ﬂﬁsaé’§aFW6§é enpl oyed to increase
[0008{'" OHQRB 'St ridie AiRkd Gt érﬁﬁlé e'i}‘ﬁﬂné}%aé’é eyéﬂém'thaoﬂghpl#t by

require a hi gher-power |'aserbeamto be’ gener at
procesging igestical éarvﬁﬁtsmhﬁawéwﬁwajewpmsyag@iperadl@ds then

the %)@rtaCIaéé?E rellrec gﬂfog\%gé[?efcg%lb ultlmftg% &g%}aquﬁé/ lasbP§ystem.

Wig' est p abl'e harno
Evemp ﬁasuuylasem engplop ydantiealmusiping salioes; dases mddia, harmonic

con 136AE 808 SO S DR U 5P BRI e iy
empioydderdical mptaablpathgmrrrposbnﬂsmndayétenscmm emlctromcs skilled
per38Rmﬁlnaep%éc'ciat%r{ﬁatq? "fedadit tohrr?atlcﬁ%% laSer ou(%put parame ers, such
as energy per pulse, beam shape or quality, and/or divergence angle or focused spot
size, of each of the different laser beams due to variations in the quality of the
components when they are new and due to variations in age-related deterioration of
the components.

[0004] On the other hand, beam-splitting techniques, such as those employed to
increase throughput in applications such as via drilling, require a higher-power laser
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[ 0005] Solid-state harnonic | asers and nmet hods for
enpl oyi ng such | asers that overcone these
wale@advsnt ages are, therefore, desirable. SumeeyUusf005/010196
the Invention [0006] An object of the present
invention is, therefore, to provide a solid-state
beamaiodie gemermd\mom thg laﬂﬁrtsp;ﬂha; the.generatediiganh cambe divided into
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or nodrgs4sr snelia @ that (e lap@akeborattagnavides twe separhicdaser

magiiiing BeaBlar Megniamantal e dhaliy fr n didiobiig enpgiiment,

extraea\ﬁty \@éve%’i@h'l E@Tv@ﬁ@tscarb%aﬁbloﬁ&ﬂb%nbéﬁ dfe at b@thffahd!a\tﬁental
enbodi nent , | aser contains at | east one
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megjuinndeie lpsrr oRMifiemal gise ingHde ah ePHoNat G-pwikeh @mﬂi@wnﬁéwg
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be rﬁap@@togmatqrﬁ thadetg pr@fqrabladmwreflggh@tprtbﬁfur@mm@ait i on
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O respective targ
wavelength of the desired harmonic laser output Each set of wavelength converters

may comprise one, two, or three nonlinear crystals suited for specific harmonic
generation. Further embodiments include a wave plate within one or both sets of
nonlinear crystals for adjusting the power of each harmonic beam.

[0010] In an alternative embodiment, the laser contains at least one fold mirror to

facilitate end-pumping the laser medium. In another preferred embodiment, an
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[001 1] An advantage of these enbodinents is that a
single | aser provides tw | aser nachi ni ng beans of
wo améenigsat put, elim nating many of the conmponePtHUSIU05/010196
electronlcs that woul d be needed for two separate
asers. In addition, the burden of generating desired
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ects and advantages of this invention w|
use%ﬁfﬁ%@f@ﬂ?ﬂ%ﬁ*%rﬁrm@tfi erensen getaes the ®owes LerVPE't"ﬂ me o laser
madmrm{gﬁbé@{qsenbodl ments, which proceeds with reference
to the acconpanyi ng dr aw ngs. Brief Description of the
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suclhas paveleogth @rter@égyrmsmwlaeﬁ Fich exampls; oneskamarrtachmm beam
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a sc [ a ra
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Brief Description of the Drawings

[0015] FIG. 1 is a schematic diagram of a preferred embodiment of a solid-state
harmonic laser for providing two laser machining beams, employ'ing an output port at
each end of the laser resonator and employing extracavity wavelength converters.
[0016] FIG. 2 is a schematic diagram of a preferred embodiment of a solid-state
harmonic laser for providing two laser machining beams, employing an output port at



[0018] FIG 4 is a schematic diagramof an alternative
preferred enbodi nent of a solid-state harnonic |aser

wo e0osp143vi di ng two | aser machi ni ng beans, enpl PYT/N200H10196
| aser nmedia and nultiple fold mrrors between the
out put ports. [0019] FIG 5 is a schematic diagram
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NRCL] parate targets. [0020] FIG 6 is a
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wavelength can be employed to propagate the harmonic wavelength out of the

q—

resonator 20a, with or without propagating through output couplers. An exemplary
alternative employs prisms or nonlinear crystals (NLCs) 34 having Brewster angle-
cuts, which are techniques well known to skilled practitioners and some of which are
described in detail in U.S. Pat. No. 5,850,407 of Grossman et al.



because it can be omtted. In sone enbodinents, the
| aser nedia 24 are directly or indirectly punped from

w0 b@sai4sel by one or nore di odes or di ode arrayBCT/n81005/010196
shown) t hat generate | aser punping |light 30a and 30b

éﬁenerr cal ly, n%ang i ht 30), but skilled persons
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apeREAE4dt and %(ﬁb ?@g@gﬁﬂ? néLP%SI e ﬁ)ﬂyﬁ%ﬁﬁs%\é%&ﬂ@éd\n the laser

converters aser resonat
resQpior 20ercalong fhetoplicakpatiz 28, It greferabledo prabider ens gperture 40

for m%eng %&g%ti@%frmtsisc‘ gr’e‘?ertaﬂe tgﬁbﬁéfﬁ\%?g’?%@% 40 between

wave
respentive taser sedtal4 amzlorzlﬁbt ports 2ipl oyed, then one of the

L . h '
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preferably convert the resonator outputs 27 to second
empiayefbinen Prasefthedaser maghining beams 42 will express the fundamental

wavelength while the other laser machining beam 42 will express a harmonic
wavelength.

[0028] Each wavelength converter 26 preferably comprises one or more nonlinear
crystals 34a and 34b, such as 34a4, 34a,, 34b4, and 34b; (generically, nonlinear

crystals 34) shown in FIG. 1. For convenience, the nonlinear crystals 34 are also
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out puts 29a and 29b (generically, second harnonic

wavel ength outputs 29), and the nonlinear crystals
w@4@2/1a301 34b2 preferably convert second har nDPET/US2005/010196
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nmet ri cal . dition, one or nore wave plates

meds24a Gilled psmpr@g@kh apiresipts,thaiheevayieliangth squmﬁfsr?%ﬁan be
omﬁ%a F]’B}H oo & d%s %Z%g?f @b %o ﬁ%@% &‘%tcyﬁﬁfﬂ”n bi@e laser
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mamtmneg bagmk @mawcmmp@s%etfwdam@t@lmeémm especti ve

0024l ™Il ARRBhiTAG : i BEENé 422 3Rd 481t BeliRtPoHATe
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be sveartjedngibbtantiaesynemetiballyt He addition pdree @ rB6recwanedplbtes 36a

andlgivispdRgiereiin eaniass 8L P Hihe el e greforatty
addedHetwéerfigg rfcﬁﬁneafrcdrysﬂam 94 dbohe Pbolh sBtd etwvawelermth
pol ari zer, an electro-o devi_c , an a oust o- ngﬁé%caeand

conygiiensAede fHe-tupe disrsseec 'va onopic HaghRELRRe

4210 @VBQJnérdrlﬁcSre%ﬂgstaﬁtleﬂl‘y%érm@alqﬁrama&y 5G€h asenergy per

dd |1
pulsen Sl Borsans WAGROGE RIALAIEP G LR WP 4% 0son the
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I ni ng are significantly different from

the wanedirie $p cauicbe pesitionedristween theriitpWrpapleznad WRd
way né%ﬁﬂl cB r 2%0 Bne karﬁﬂvr@éﬁerB{l E6RrdiRRVIcES Hcludtg, but not

sequent1 al” resonat or
limited to, a polarizer, an electro-optic device, an acousto-optic modulator or

attenuator, a polarizer and a wave plate, or a polarizer and an electro-optic device,
can additionally or alternatively be employed to control the energy of one or both

laser machining beams 42.
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| eakage. Skilled persons will also appreciate that the

resonat or conponents could be arranged in a variety of
w@rtdsnigsonbi nati ons. For exanple, the Q sw tchP@BUSIN5/010196

the aperture 40 could be positioned on the sane side

of the | aser nmedium 24. Skilled persons wll also

[00301pr Wiilledeparsens will @ppeadiate thed i?@@hmapbmmbws 42 are
sig ﬁ)d%fi? {tﬁﬂ%pentt %o lawg\yéf@ljeh td‘dllﬁ@étloh Derehnd O

at e subs nDnl c laser
dunmpeciiesimsy sbeemnd wiich anedfieptihe tﬂsuttwé IF@QWQqne@b&*ﬁ@ﬁ@iﬂ*@f

o, SS9 BAE PR oo s Lo

be areartgediimg \/laeatyaofémermmbnﬁuon$ OBargxaniple ftbe Iﬁlhswm 38 and

N T R e T

smmwérmmul atgeodpsedete that the eadly qwlpqmehtse:;arsbe tordigured to

O N T T A
ma&hifiRg beamk ma@@ 47mear thérqasny':\bm Bdmmanaﬂn bg eodﬁlgu‘red e
di_.nensi ons, %ﬁ erties

f cr S
intepiaralN RS RENSEHGRL T 0E o PuSe Btpose v eres) hebndl st
ma@{q,mﬁgl%bg\gr@g M4y ently inside or outside of the

aser resonator 20a. SlmlarI%m r?éher r%z)onato
8

IDO%hp o the karmepiajaseyraeinig pe R\RNG DR depiRd iorhave
mtehh@néllgﬁﬁﬁergﬁdééﬂgﬂngfb@ GuRf ab Qva%!éﬁ@fm Qééteslig fof @h@l@*y per

owers and |vergence ang
pulgg, skillad pefsene cag AN a WéV‘#'é@g;th@&HV%’F@o%@éhéfdﬁtdfffﬂr ¢flé<§f°m

thet\/\%v@eﬁ'\?fh #d?ﬁ/eﬂéf tleérse@bep?é ttl‘i\éaﬁoﬂfnegpérgs@fs ﬁtha?can have

aser |n| 2a and
dlffwantadlme@wnsmonameal @ sf@obntunb¢ré1f@mstai$ Hﬁﬁ\sth@ rﬁ@nknear

cry#’[aCI | tgfﬁwegl?ﬁbere é(&\‘.leor%?ﬁ@ zﬁﬁlﬁ‘eﬂarﬁl §¥idd 8r outside of the

respec arnnnl | aser
lasmebormtorgmaea‘amlaﬂp. ciher régtnator campongnisf mag bte Spaced

| t

@bl 6's3en 808 L B0 me O oY AL b SELFI ARG, Rk
beam powess ditbdivengendsbiglégeties ivaut plates36 ooomenangermontrol

direct th | hi ni

devicss o aist b EORGP R AL P Sl SEeL &) Bl BB
harfforROBSst rAadhinihg Sbbam)a;zalermdam_@r ehe theewawnplat mmaytahm
e R P o7 DRkeon e M 2 BB IR R EaHE et
diffrén ﬂesbéétmérhaﬁmoﬂnﬂagér&mﬁbmhhg' bé4ras 80k 96 2btto st different

fundanent al and ot her harnoni ¢ wavel engt hs, such as
patipdasaRyRationss noni c at a 45- degree angl e. [0033] FI G

[Ooazgho\%ﬁthare@réﬁc%r afh P i1meRterfhodimet $Hbwit &hplolafsflective
havi ng both extracavity wavel ength converters 26a2

mirsard 488handiABbi (generaallyi DirgEs 48)da inselhe sesraclve Bamnaflig
lasgnﬁﬂagﬂ tqqg?aserﬁ% ggﬁrl%b o Hé&?n BESTBorfiYTRAM firLSINg fsy4 18

sol For conveni ence,
corapenent®(rot sbogson e!maspr@fernenl@rrmoilrﬂe@tt themirrors 48 are highly

reflective to the wavelength of the harmonic laser machining beams 42, such as the
third harmonic, and are highly transmissive to the fundamental and other harmonic
wavelengths, such as the second harmonic at a 45-degree angle.

[0033] FIG. 2 shows a preferred embodiment of a solid-state laser 10b having

both extracavity wavelength converters 26a; and 26b; and intracavity wavelength
7



| asers 10a and 10b (generically, lasers 10) are
generally | abel ed wth anal ogous reference nunerals in
wWo-b@S114808, al t hough the lettering or subscri pPCT/IE3005/010196
differ. [0034] Wth reference to FIG 2, a | aser
resonat or 20b includes intracavity wavel engt h
congerntare26er anP2od: anddena@aging Inanyraf $fre8ame epyppnents oh Hieysolid-

staté(l)ggérr 168 n?f—‘@ 9 EB ol ﬁ&egbgﬁpgé% @6&@%&% We%@h’d-state

ecauseé the Taser resona racavity
lasera 1 6h @nd t10b d genegichlly, $as26x IO)GaTe gead@lly iakeied witl anslogm

i I T8 oy 1 Rt

[0034!] anulvigr reférerg&é 1) HIGaBsaﬂaser sohatoa 20ie frichueles liatravanityc

At ar St ot ZgaNR sieBlcly B4RaPl Splriee one or
moﬁe&&fﬂﬁh@&ﬁﬁyﬂéls%ﬂaaém By, . tBeraoss trmllasemmhaiorgmb ihclodes

It AN SRV R GV GATP COdedaT 2tk RUBHEPERS 24 Beiahacts

prefé@ab’l}l hiyhBf refédtive é tl’féfmﬁdémbhﬂwwb%@m@th geHbratéd by the laser
cou rsns or

h t ech
me e ard arge annnesha4o 3dsoae] MPRNa b RREoaN AL
resSﬁatBP@utﬁQl‘s'ﬁ’a%ﬁé 07h~ %ﬁuéep&rsérﬁ@wm%@@ﬁ%ﬁre@éﬁeﬁhéﬁot%r

onprise the second harnonic, and _the extracavi

teclvmu@%@fgqenate@ﬁg ¢he baropémpaygienats frem W@tfumm@éﬂy\%\f%kength
can%eeéﬁg%gé% tc‘é@r’éﬁ gé;ﬁal%orﬁ@%vél@ﬁéﬂw"&@bf heXesHator 20 with

34a y convert the resonator outputs
or \githauh peppapatingsl rmmhcputmé@punlﬁmsn@mgs [REARSIUZS §MPGYINg

pns‘n"r@gr BP@WSEED aﬁéﬁef&j 3?4)rrpr| se the fourth harnonic

wavel engt cor y, partly reflective mrrors
[0035h2 tm‘ibmetﬁbadlmqntsaifdhabbljd statshlager H0, &1 iegenater pufputs

27 S5 P IBlnd R DAL ek 20,
and Etﬁb‘gsthaisrespa:tlt/elytpr@‘emma ar maregiantigedrcrygtala 34a;
and i R Y Soriegrii Renatd pLEEALEL D ehprtiBS: Bed o
matbﬁh?b}b:ragzévﬁﬁ% iane mb;,mm gﬁﬁel?gﬁlgd:gf&iuge dimﬂfobﬁth dddvdnic
waydeidiia AeAsane pagie piRe VS el spd abe ST sty
hlghﬂ?@eiﬂéd’tﬁé et \@éveni.*rgtﬂ yf thefhaembhiv ¢aset haehimirkBoeans 42 aduch

R e e e e e R

wa@él@NQtH@ Qt a h@%g}eeFé@e 3Rb§pét:t|$é Ressrd satél ba@éwpmfesaeeaz and
preferred i ment” of | aser 10c i ncluding | aser

3620 sominear crydiglsnidae ﬁ@dt&ﬁ@z,cﬁndmﬁrﬂsbiﬁﬂ?gﬂ\@za@r%ﬂsw 48b,
carl 9? Pa&é&fﬂ tke a&x‘t’érﬁé’éde oahED o?c%%ls otf B re868atht @Ebdnd harmonlc)

ective to a nenta wav el ength generate
outphtg 27atbet prepagalenttrongh fiedfirat getiof gantly refﬂ%ﬂgm@w&% §0 #hat

foug ﬁ%%@?%ég?@gmft‘lﬁ EnthaY 51 m&%t{aﬁgaﬁe@rﬁ héfzhgcgﬂc laser m: machining

wavel eng verters are
output can be provided.

[0036] FIG. 3 is a schematic diagram of a preferred embodiment of a laser 10c
including a laser resonator 20c having two output ports 22a; and 22b; (generically,
output ports 223) that are highly reflective to a fundamental wavelength generated by
the laser medium 24b; and are highly transmissive to a desired harmonic

wavelength.
8



preferably positioned wthin the | aser resonator 20c
toward the respective output ports 22a3 and 22b3, and
weawk/1mavel engt h converter 26 preferably conprPCGEES1008010196
or nDre nonl i near crystals 34ai and 34a2 and 34b and
di rents, wave plates 36a3 and

2. f enb
003E0% 1, PoRE S erie. e MEVAIP gy NV RS AN LA 468 n
pretdﬂ@olyl Qﬁkltlﬁtﬁ?@{ wﬁiﬁMQﬁ@la%er&és@ﬁat@PMb RV ﬂ‘fé%@pectlvz c?utput

co ertg Qswitch 38 and/or_an aperture may
@Hécﬁ%ﬁ?@hé@é’@l%%&%@ﬁet e prederablyRgmprises two or
moﬁéqli‘dfﬁhé@rr aﬁlsaml gﬁd @na d§4t§ﬁ'é?1%6342f2 'imﬁrelré}?@d

nmedi um 24 0038 persons W || also

emBOiImERisavave piatey 3r9é'§10?|$§e dMﬂt@rnWMﬂgP@@mﬁis trre added
bet@éé@ﬂﬁﬁ%rlhﬂeér é’r?étb {3y &fbo% 8hgth R3nbHdt QF' g\:(r)-swnch 38

subst anti al simlar or har noni ¢
dercan aﬁ&f@l%éém@awﬂa@ basddac raeferaly betaeshdhe wagelength

con%ﬁ%tm@%{gag?gs{ﬂﬁ s grotfmeelaggr Iﬁé Agsi tioned on

he sane si aser ne |um 8r t he wave
[0038]at e‘ékmiap@rannwmmq amemateubaubeuresmm compeinehisrcould

be %@eﬁfln?ﬁ}é@g ‘ﬂ%ﬁh% %@Jﬁndﬁét@ﬂaﬁtl y\ésgr?mar or different

harmnb@dawmtathmmg baama AdRa, aracs42bsean |enanmgleb€h'am thaB r:]%8 and
b d to have the,sa ar amet en

the BRErE D GhrPod BELfcied o M8 e o€ PR RS iR gy, o e

wavenulaies %b@aha:ermmtted babe positeiddomgiti aide cfdah ﬁ@ﬂlnear

2I § are desired to have ?gtl onal ly different
Cng%P @rggvergwghelggg |°Pf’%‘?‘%ﬁ wavel engt hs, then the
[0039]nTeA S iMth lotitep bR Snts SEIGATNRRid lB@eMﬂM@hﬁﬁ@‘b@ams 42a; and
conv rters %}aga have different characteristics to

42bg, IR flepiregdo Ay g #3es BAete's, fhenom FYmMedical components
are rpmbwabmaehmmnﬂZf thE QRARDNIE Id3er ﬂqdcﬁmﬂngsséh%@hz&a and 42bs;

am of a preferred enbodi nent of an alternative

are |d§§'g‘?d {ORAvEr BN PR (TS el PR aTBte s SYCAS differend anavelenaths,
themﬁgéﬂlcﬁmdﬁh% 36 ﬁ‘ﬁe&@ivelé’@%g&*@%ﬁs é’é‘»"’i‘ﬁ)’ayhhave

and out put ports 22a3 However
diffgrgaicsharaaieriics to pravide) desires difiemnces i bamaeniolesenmachining
beage?h 32b-i, and 32b2 (generically, fold mrrors 32,
or 32a, or 32b21 and two distinct |aser nedia 24a and
[00400h4 HEpdrisesghempathdiagraswot @ pref@redrambbdimentdf amakerdative

lase'?BiYJd Qﬁ?tméﬁ{;a% uﬁgg :t\ﬁc%étg of h?ra@a\ﬂ&gﬂ%%ﬁé}\&ﬁ# RS Hd ang

aser nedia
26f twanes;ﬂa&sﬁﬁes and 86bgeat eofpubporfts 2Pas; amismb3p tHowevgr, the laser

resépﬂl?gn%IthOéO %ogm%@igs f%& %B’grsr%f%z é;%r;er I(f %égenenca ly, fold

mirreceHd2 aJnt3|2al by32b) antlitwa distinctdasdrensdiarga ot 2418} depbrdtéeby
e FELYH ) FOE TR0 E Bk 2agi e & htamerta
wavar@ﬂngewwhied&mh@ tdsat hedhat4 A highBafanERflésivelth £r e

wavpe engﬁ'wr aP t&’lg las’s%??)bfarlrr])¥r1lg6] h¥36£?§6é2, 3|Ob1‘ and 30b, (generically, laser
pumping light 30, or 30a, or 30b). .

[0041] When substantially identical parameters are desired for the harmonic laser
machining beams 42as and 42b; (generically laser machining beams 42), skilled
persons will appreciate that the laser media 24 are preferably substantially identical

in size, composition, and orientation to the optical path 28d, and the fold mirrors 32a
9



in size, conposition, and orientation to the optica
path 28d, and the fold mrrors 32aand 32b are
w@e@sarabl y substantially identical in size, sPepes2085010196
angle of orientation to the optical path 28d. The
nees e, reso ator c onent s n ei
and 28 a0 PreTRBOh R AN OReal B e SHASAERLANGF of orfemtation
to t@mﬁrpaﬂamd m“@\d@tano@s bétwderrthbss rexohatr E8Mpdnérits on
ntlonall dlfferent ﬁ@ aneters are desired

eitn$side ke Hass madie 44 6Fe Aae Rrste Varetisal. digwavey as with

othe?@FUdEmats in ARRHGREATichalI) afffef& 9@%@&#@%@%@%@ for the
an /?r wave| engt h converters 26 on each side of

harmpRiGiaseh Maghinge brares 42.1skdlpd Rersans yall eprrsciatg mabfe@ﬁnator
congﬁﬁéﬁt@ta'nalor Wav@?é'n@’th HrVBRSL B dn AP S Bﬁﬁ@% IsGbn B8 hiny

for different distances between
havsérfiew PERRertias, diffesand ssnwé@l gl aﬁmgem@néalgyg the optical

patttosd, laphi/d %}ffe?&ﬁ the ?ﬁérésrfﬂh!easer h‘e'ﬂﬂbré tﬂ‘?e rr?lz&es 36

energy of pul ses |n|ng
or other gneroy rcsntrolfdeymes tean bel contrettest sp/that tlrpu:bmmemﬁrgy bEpulses

of 328 ad G B R 1 PR PSP s o

the segamdriaser Izaobinimpboeéamiddy. beans 42 can be mani pul at ed

oo, A EbheS A g R RFOBBERBIT, Bl ) o prmonie

|lasep erdohiningneddmsk 42 ean bemmmpmtedhn anaristyfi wesl-known beam-

h [ ted
comBy ) RS- hiffheE BPbesif chiklet Ry teighiles i kel welligiin
laseb bpérationd sueh & mtdrdjrﬂacﬁlﬂlag BpplicfibRgineludiey, lbbt gt limited to,

5 denonstrates enbod nts of

via 810 PP UrlPE GBIeRA LR TR o AQEKIH GF PRIoh pogE aivBing or
scrising tathélighdy. from a solid-state laser 10 are directed

rs 48a and 48b al on respecti ve separate beam
IOO‘% h& 165 dgmansisaies AMbRAENGITT Bbe ehyysiemrPOaamnseisdae laser

macéhﬂ'ﬁh%@éhrﬁs 4388748 QQS flofy §8blid-Saf a8&S1 @&e%ﬁééféd%ﬁﬁw%@

and 54b supported by the sane or different platforns

48azpd 4[89@&1]9 rssawtweéesa@@%bm patits SRecanst 22kearmhare dicted by
sca@hegdézs&vsm ISNE ségsgéus %ﬁéﬂb@éﬂdﬁg m&&%&&% §4a Ahd 54b

such as those des etall, alo
suppertadduetiersese errdiffergnt phatformeds. 5, 751, 585 of Cutler et

ooy a5ofh s Sf 3 ARy Ol et B

positiering spsfemmf (FiG. ), atpqdﬂ acthosedesoridedtin dataiy mom@wah n

oOEREART B3, B 61 B AC SR, (TG LA B0 o b o
Cutlpi, @z &b edtr Noad 692,402 of (Dwerbecbl Whicle arg assidred toitihe assignee
r|v n_conventi

ot aireg Ry S bich i B PEir ey BERiss. Slfprdecthead

or fashpoditatamhedd ksystEIrrsc blich &Ccyavdndneater- np“iéﬁééleaﬁcallb/n@r voice-
f .Port a e coul d addl}lonallx
coll gptﬁé&llﬁatmlv@{sy op qjgnétanven conventional positioning systems or

those employed in the 5300 model series manufactured by Electro Scientific
Industries, Inc. (ESI) of Portland, Oregon, could additionally or alternatively be
employed.

[0045] In preferred applications, the workpieces 54a and 54b are substantially

identical patterns, such as cell phone boards, and are preferably formed in similar
10



[0045] In preferred applications, the workpi eces 54a
and 54b are substantially identical patterns, such as
wa@edos/1ptsone boards, and are preferably forned PeT/US2005/010196
S|n1IaraI|gnnents on a single printed circuit board
. that is supported by the platform 58, such as an
alig efntﬁaalaeSIn@a@ﬁn%srqtrﬁw&Eea@z(E dhas A sypppried dayi the platform

58, SudhsdssH xa# ’ta\lblé W&kpi‘é&@%ﬁé%hﬂ%ﬁﬁﬁ‘{ﬂéq{ﬁﬁé sAbsthRally

sane or different ocatl ons For exa
idenfigal lppeeassngmpgrations shheriging @@@Jﬁer@ngl@aems Vicisxamplee the

worﬂﬁé&és%ilaaénd £ Thh \Ag?%qéﬁr@“s%% §|as E&Q%@}lllé%l étga&'itlcéplg%tlons

provi des ser eans
[004ﬂ)r pS‘elasar‘rﬁ N\Q'H(zhmgvldﬁ% tved Iayoer menlnlnmglbqamsc@’&asaWZb for

perifigs izl MMIBt AN L B o RERLBE PR
workpisses Sasaneniitt biferseseperay admtaﬁatwecborhmﬂosal?aser systems
e SRTSEB R AU Pl st 18 SRS LS B8R o

a smglesoutpuhlaser tN/Iaﬂw picthé dob@onemsts eddfedﬁctrbmsslemawmndabe needed

t d nd, cost  are
for tyg 3Rk Rek's e anmiister Sg PG Ar2ce: Ryeadiad. e
lases PR @i odakkd Sp kKBS phww lspatd and R hofehwwdrwiiiGaaiai fvo
[0047] Anot her advantage is that the burden of

| asers.
Sepﬂ@%e'?ﬁ?%g desired harnoni c wavel engths is shared by

[004730 P@othepfadVartale RAhE: the BYRIdrediyeRbraliig tdtéerféa harmdHhs
risk that the wavel ength converters 26 and ot her

wavglgngibgis gharee R¥ Ve S@\ﬁsmf waysteapth eeavagers 46030 therisiless risk

that HRAWEPSendth @oRETERE D6 aﬁ@Wer%\ﬁﬁbél%@hﬁoﬁéﬁ@vﬂll sustaln
conventional solid-state harnonic laser is |Iimted

damggenFor piactieal repseRgetheihgkmeic PRwenavailablegrem aorenuentianal

SRS i e
conv%rﬁafi e%@ueﬂml@mg M@eiw wavelorgthsonvertarsdn; ekilgtparsons

can @F?'}xﬁcflyat Fggi?% ?g@éﬁﬂﬁ@%ﬁ%@d&én%gﬁgﬁe aﬁﬁ?%rgéyéhgﬁwbﬁg@

harrmra@ putpat powsi fmn’nacﬁmmteq@oamr dbug, resach of the bﬁamgé generated
I

ron ARS8 AP ioP AR R DE Bl orlon petors

sing kentb anie generateeichysa canvelndomnal Meerort fmexalhpleptMUnc of the

outeE SR E st R Bt ont BEa i n iR st Hitghe Brechch

maxmkgatwmut@:o}/vpr ofgtaeunadmbnalrm%umt bpamat Id 0 gz bont )

t i dentic e
0043 ° Vibiethect sy rBamngShbSRataby ke Bo8as P t he
opeﬂaﬁ@n@é oA BuiBtantiany ddntitallworkSlebs/B4d SRNb4s ahe AV Rer

characteri st ics, especially when the r esonat qr

macBiiRshRATS 443 and 4eb orpapt Hedasgy 1Rere moge filely to have
ldenﬁ@ﬁ'p‘uls‘ér@ﬁraclféﬁﬂtl@wéégeéa’lﬁﬁ/ﬁén @l’% r*e@orﬁ&t@r"éd?ﬁpéﬁé%tst e

| aser nmachi ni ng beans 42a and mnimzes variati ons
idenfical #76 -are syneelirally pP%iF‘%ﬂqdo rEmﬁl@wnmJaaero&t@rprwdmtwo

laseF abRInGTY bdRROMR] AP 4215 RidifEzes A3R5tISHRGH 2BE Reiated
deterioration that would occur between different resonators, so the laser machining
beams 42a and 42b are affected by substantially the same amount of cavity loss
and/or performance drifting of the optical components or aging of the single or

respective pumping source(s). Skilled persons will appreciate that resonator loss
11



beans 42a and 42b are affected by substantially the
sane anmount of cavity |l oss and/or performance drifting
webooshessopt i cal conponents or aging of the si nBCBUS005/010196
respective punping source(s). Skilled persons will
reciate that resonator |ossdifferences or aging

diffq? eI RNGOINY Ydbe pURIPING SopEgesin Badifional ssparate r%sgaﬁt@fw%e to

varighie deteriopdtioalafisé @tg%rfacaﬁﬁimféren@@uﬁ%e&bmﬁalrmsucs of the
ifferences in certain characteristics of the | aser

lasep QSﬁ@S SUFOHASRNAEAY. PoyPUiRe and pagm ahalityeand tﬁ@auanayle regrnator
losstdiferéAcdsRlBirs %Eﬁéléﬁﬂécél@?a‘%ﬁﬁ'cff HRS QRCEifi G I’és%nators to

constant recalibration o e two traditiona
each gfWhat ors to each other. [0049] Differences in beam

[oo4§;af et hedd Soé‘afn%P'%é&Eﬁétt%Etfr E%Pén‘i’?ésto%gwrgc&ﬂék‘ééult

one ser eam pérformn
in om@laéeab@@nmrfbenmgewﬂnmep@@a totﬁéaquahﬂa)ﬁhamther laser beam

perfgin U R RO o B8AmBI SRS iRTBY Kk UdERb fesirable
depth ergyuality Vslechthén \das imay derdailedin a hmnnan’dnat apaciepiably
canfy BB e via o 08t o Yo Mills et o APl g ogfser
pulseee‘nergi&;i;stojtmeterf’qurto@ew'pmcedswwmddﬁo'r FoRmany dsssr
prodP ERolR iR b Brasis vy Bptires el BT BuF Rorioy vary by
lessRbre 8YERom & sste®eE pdi¥e \eaéﬂgg va[L@OStO]h Th ]gzo:r :ser

are er

oogtf Eh'ﬂ‘qus Baaiay h?f?rgs ééaénaﬁ?loaw SIGLAE; Ware likely to be

perramﬁgsabgtgnm@n@énti@aspmésrslr@tﬁpﬁramris%{rvsu&wwhemmai
ut paraneters Varé@ﬁ%c/f? | ess than 5% of pul

Oufpé'ﬁ eg@yﬁe@@r(\@mspwelyss af Pylsaeneigyhior exemple). @@peonany
at hi"gﬁtréﬁetﬁl@ﬁ rﬂa@§ sUER 85 GfedtéraRa® 5 1 @)Q(H&"gt HAmBAE W‘v\eféngths

wavel en&d , _on subStantially identical vi atﬁ? ern
on sgksteptiallidApicatb wa ptfarnarmd theworknieqasdidarichbat, spiikat both of

the | A%6 hd&ﬂﬂ%g{‘bé&n@ﬂ?&%néagb gmweam (_g{ g@a&@é&u@ ou e&éﬂhpﬂe,

results exanpl e igh
mamghﬂoetﬂl]\"asllmp@&denonstrat es enbodi nents of a

(00435 Y bR S i b8 o PBEHLA 98 15405 2 e
maod:mfmg beam$ 622 angdebifven thedaseyl1€ arasembswttlamughtqdmam
th 52c.

cors 608 TS St S BR824
alonggherbeamipatih 63c.nThe beardZondirter &0 rsaylincludeal fowa'mrqn l48t ea
vea S b B B RN o Rl s Bt B BbaeE e 522
and I5abaire syisdtentiatiyiepuil beisrehinsy fcaeh aanbedis doridRTed BOPERE laser
systBi e hizerlns 07 GOEOBS e LS PLSA S Bee Fgghining beams
422 PR AQBWitholt aféuiing Qh@élﬁ’aﬂehﬂtthé lé@eﬁﬁuﬂbé nsﬂms@ BEAYNS Wil

the | aser machi ni ng beans 42a and 42b be as much

appiggiate B thaFRrBhInPR Sarey @ﬁh@éﬁswn@@'ra@g Phams 42aiandtize may
be als'AlRdtAas about twice the energy per pulse as that available from a
conventional solid-state laser. Skilled persons will particularly appreciate these
advantages when harmonic wavelengths are desired.

[0052]  Alternatively, an optional optical delay path (not shown) can be employed

along one of the beam paths 52a or 52b upstream of the beam combiner 60 to
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conventional solid-state |aser. Skilled persons wll

particul arly appreci ate these advantages when harnonic
woawsiiengt hs are desired. [0052] Alternativel ypCENS2005/010196

optional optical delay path (not shown) can be

e oyed al ong one of the beam paths 52a or 52b .
tema%@lw SeRArel 1o {SSEHIRCEI PRAMSH23 B AHR FapTdgr Wegfactyaly
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widthy apd therseferedisombinaseadiugtalele wulsetwidinvould egdios ene &
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couldizhe ydedde eéfettivelyydoubie thegepgtitonunte duer tsechpabilities of a
con@éﬁtﬁéél' s‘f&}léf—oﬂg#l? hésohBfor " SRALY Fb&%né %l?%@%fgﬁi?fehtﬂat a small
capabrlities a conventi onal “single- pu
delaydstwe¢rothe 1@arirhachinieg bearms Wkhland giRbeanatiso bdaccamplished

oy T, et O ShBER 6 o AR Bl e A s
front thetfinabfoldbMirtars d8a aindrashpie otder ¢ providel d slightip dd]uataipls

i.stances fromthe final fold mrrors 48a and 48b in
con‘&xrbeéi?ptﬁ? Wl’diﬂll de a slightly adjustabl e conbi ned pul se

[oo.rlm']dt kail[e@l&ﬁaB:}orﬁKAéill Iapdreg,?t@ s tm‘zlgberaﬁa%mmhg}b_eam@agatm

aser chinin ea nd. . C e qgellLvere

420,530 eSS TED SBHUSTIRLY g Sybstngtialy A TIAABGHEY Wi b a

pred¥tefahed ah?malr @Natelaoffeét, badrethat thefres@ting Rehsgdiahrd he
aser spots are substanti al |

resultin ! y ad acgnt to or
SUb%"GBB@'B(rﬂ‘ﬁ%eﬂﬁltoon é‘#bﬁﬁnBﬂB’ QeFapepe agriher e§{"ﬂ% ggrsens will
alsd/\ézédreéﬂat%‘%hmﬁéé@Ia@étembt‘l%inb|"b%§ﬁ1s| AN FR ¢4 RvBaZBme
4Z2a and 42b can have the same paraneters or have

parametesy eavreliiiarenigyavelenaihs Pulseangraies. o otharmeameam
cha%rg‘%f” stics. [0054] FIG 7 shows, as an exanple, a
via-dril'ling system 110 that enploys |aser pul se

005t | ri'led évhows, aslamexaraplel2ia-gdlina svstase 140 dhal epueys laser
pulgiatoeficBld 124 And 9 EHbeiel 3R bEAnT BNt 890 and 520
betwedrothienaser 40 addhe asspeistisesdan vaads 196atamd 5obe rin sainses
| L ni : t ed
ore Bl BT Rl e o T et Mol et ©
machirisag besmaldly and@ebane geppatad hiotherGrswitcta 38 wabstemtially
confiRikisRiss & st Rt TR repPg 2ty B it Pl system
con’frﬂ@etrdﬁlﬂe:mwlslcthei tlswh h@ar: ﬁG’a mewedl ali@e‘;agataitg@embaw?t amgJthen
ontrol sign ato.. Aaser ga .deyi a,
the ARBCRY ITAIERY SFS B NG N gptne MO SR 1 {6k fiftaser
gatiﬁ? deviteut 24 raseBy tokémptig A6 galing devicBut! 2k ke BS$irké bA Gutput
S

ate permitis | aser pulses of the | aser
transmitting state. The output transmitting state permits laser pulses of the laser

machining beam 42a to propagate through the first gating device 112a and to be
directed by the scan head 56a in order to reach the target location and perform the
desired laser processing operation.

[0055]  After a desired number of laser pulses of laser machining beam 42a

impinge the target location, the system computer 114 directly or indirectly shuts off
13



machi ni ng beam 42a to propagate through the first

gating device 112a and to be directed by the scan head
wae@siimsor der to reach the target |ocation andP@EUSZINFD10196

the desired | aser processing operation. [0055] After a

desired nunber of |aser pul ses of |aser machining beam
the gating sighal JdGalse tlnairt@@gaﬂrmé&vmﬂ 12arassynes enmadrapamiting

stat%%ég ‘i‘lﬁc’% E't%% Pﬁagﬁmfng(yeaﬁﬂi ig] ﬁ(%@fom ré%cﬂiﬂé 9 tar A& ation

evi ce
sucimea by beid divéntayl tetamt absarier tin8al aben theesyisiem ngnipatammaa
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tar t oca

116? ﬁ%tr%yrggértrﬁ%t > aj’l(” nlqé hgﬁg 0 coragl(tfahghgﬁéncurrently
corrg@éndsghe isgoaid édaﬁahebd SBbGanIdEmebncpghm @amenm 2beiitie same

e. tem co ter 114 c nc nt
mareg RerbORI s RGRToBE NN SO T G P oRs spert
yth@sé&&cﬁs’;tﬁﬂ Heagmwep, perform ng | aser proceSS| ng onI y
when desired at the tafrg)@t | ocati ons swe

10080 (S pivanatsTauh SrBSHEIOERS BaLHR ISR 1Gca feRain

runrﬁﬁ@ 9% 'ﬁ?éﬂeﬁeﬁﬁnéd“%beflﬁlﬁ) ﬂa@és %b tH&eQ@ﬁo 'tlﬁmiaf‘loébliﬂ@'vﬁﬁaﬁén on
det er m ned repet here is, no

the Wﬁg@'ﬁﬁgthl CORMETHRY(S) 26 Q’W 3\? tbﬂr ”?4‘\]&{ 'meﬁmc pulse energy
dnftﬁ'@% ﬁ{dseélﬁﬁhatgg ft\t ABEhek Q&éﬂ?@éé‘@# duén eﬂ%&ﬁﬁer‘&@rjm@t fhe laser

| se energ Ing Is thus elimnated

mac&wvambag@s o 50826 B0berEaRECoBPIBH mplﬁ@emdﬁ@v of each
othéra 'UQ' n?fe%'a'éﬁég%n B3p42R p%@‘ﬁhrg’%os an K%Eﬁ%ﬁ*tgﬁ?r

eac ot her
prombmgetaslﬁeatfdﬂfaferddmtlene by diffedentenaterials icapeurrently as well as

sealle R BB T SarRlod b L8R Sl d 6L A haPRIALL HRY gating

S conc
devieasti2a aadvid@b &g peffom;nu Eseeehsrdy nemtrai fmrsactlbhaas twed, thereby

ennp 380 1B Rl R e P i AGOnd ahtt  hereby

[0057]harEtemplbtydassy el gatipe uémbeammarmgrr spbed elgetrd-sptic (E-

) dafies s o SRR B e PSS ey P B YsizpSce by

NE@S qles:hﬁolo@res CMélbo@hedEMI &Qﬁodlﬁé&%r@i@n%ﬂm Fhﬁ@é}&fetél&

made NECS chnaql o I\/EI bour ne, r nodj ‘
conGeNEIaARsIGMaN] FioBanPaa S BeeLpiIEs Bememon TH Sabhg fund in
u.st Pbgw 6“19’2032580f|%$r€fet au |aﬁ§ et pag Aﬁg N@e1él$31 q@B o‘PSun et

f ound US Pat. No. 6,172,325 of Baird et al

al., whigh %ber%mcorméateqwﬁqfenenﬁgs of Sun et al .. whi o
[oogg)® h@écﬁb-’ﬁe’qUS@&yRR'F‘;"T&@Hg;Vcdn%%ﬁﬂﬁauei 89%8bed in U.S. Pat.

ng control techni ques

dio-fr eqigen ij

APP(HE!%QHD&U ]I ¢l CaArﬂﬂdltIONé"y he e@ployed 48 pegvidsuneasty
[LyA [

conBlons 8y SO o B SRR A5 13 87380 g
puisgeivitbe A1Q Daling dpyits il ha) inaeoimidence with pulses of the laser machining
beam 42 when the scan head 56 is over a target location (in other words, when a
working laser machining beam 42 is demanded) and by applying an RF pulse with
the same RF energy to the A-O gating device 112 but in noncoincidence with the
pulses of the laser machining beam 42 when the scan head 56 is over an

intermediate location (in other words, when a working laser machining beam 42 is
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pul se to the A-O gating device 112 in coincidence wth

pul ses of the | aser machi ni ng beam 42 when the scan
whead/15680i s over a target location (in other WeeTES$2005/010196

when a working | aser machi ni ng beam 42 i s demanded)

and by applying an RF pulse with the same RF energy to
not démeaniie0).g Skilled pdeons avillldgbréciate thatneitrc suahcsubetantialy ¢dmstant

tnerbABRbIER R A Sl GvE 1l Mehf aPE AR SRR ffects by
an m@ting\ﬂedﬁe iben the yoalky agd besitoningabturacgobibamwotidng

| i sno}\. ndeg Skilled persons wll appreciate that
ase(i"ef 'Q antially constant thermal | oading on an
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Qa2 AFEROdP SoREOVIER Rieray PR Lts Werkia s
machRdy ehm hOAS Heek tar@éﬂ ro&%sfn@frfeléaé \mw ®eiRe edrahbﬁbf the
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s 85 bl peNBlaR o LY el T shsp
22a{ go@ilpastioge df its oot parte 2B aodl eamploying amoe&@mqmawye
resoln?ﬁb? h\\ﬂ‘%ﬂgt# 888 I’b? Pés%n fo'rnzpﬁ r P"lg fﬂlss?s Qflqur}j i’ﬁa{bi}antom

aser Speci |ca ks ying a
because ipmag bemammtoaer\reeman outpubport 22 00 magule @oitted, @rism

8
220y PURolh B IR BOLEE WPl FABALS gl iR
outpphpmt fzﬂbb awmtramsnmgw@m theclardeat different wavedengihin order to
prociits isse Bacbindio BRarpR 2B by 1B SBlRoPB g daein fomided
that oineg teompiduestof bgp?mtlMtheﬂWrmoﬁEWa\ﬁuﬁngbefrgmahé forgiamental

or | er ent ngt I N order
wavRaatician SR PRYER 19 PR 00 a e BT HaNIBRth it Pf g
resoP@tos COwity & AERIUR pfpEg AR thEdiRth Rithgrcoliplehy)isatie as of
techp[g&ar ating . the harnonic wavel engﬂ)h fromthe

g8 FETMING\BIRYSISANGI e M %%l oyed to propagat e
[ooe1fe h‘%'W&Uefen SorRRALM ZB#aer 28 8re! FROWVMAR ‘b‘haﬂ@rﬁ’\bﬁd*m

of without propa ating through out put coup ers, such

alterpgtiyeposiiansds asizengiaianacieseribedwith reRper) fiotier,
emt{oﬁ ks, TRReilMR ﬁ]lsﬁdhgefﬂb SESORS e @%l&ﬁ%l%ﬁgaﬁrlé‘se?'ﬁ%hm

_ ant om an ternative positions to emphasize
24b\l&1$hQ§Nﬂ iorhagtaser i bed with respect to ot her

odi Ty : e _

o000 $ G oy BeechES R ASY f B b FE B ¥ empioving

two ptisms @8as 4raDBZ]s aBtide ootpshparts 22. shaserfiDe afstbodudesendf
AN ' t | SITR

pur B PAERPL g 38nad BTN 300! 1 B°0 HECP A

34b ewlipki apepositioned between the resonator end mirrors 32ag and 32bg and the

prisms 22ag and 22bg, respectively.

[0063] It will be obvious to those having skill in the art that many changes may be

made to the details of the above-described embodiments without departing from the

underlying principles of the invention. The scope of the present invention shouid,

therefore, be determined only by the following claims.
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| aser nmedia 24; resonator end mrrors 32a8 and 32b8;

and NLCs 34a and 34b, which are positioned between the
wo emsnatsor end mirrors 32a8 and 32b8 and t he pPCBHDIS2005/010196

22a8 and 22b8, respectively. [0063] It will be obvious

to those having skill in the art that many changes may

be made to the details of HafBSabove- descri bed

enbodi &d‘@t&tﬁ@é&ar@s figihgg _from the underlying

r|nC| e |nven I on” The scope of the present
[ n\ﬁemlldcﬂ‘ﬁatgﬁmrdnedlmm@ﬁ@p@ed pleng enapitaldativf Kecpiyedarer

purﬁﬂ n}a‘ﬂp\ﬁﬁﬂ)rﬁ b3s 45 ggﬁi ﬁHssJur & t0)dstr Sledhfn Eaéﬁéd to facilitate

sin a soI tTate aser nmedi um posi t
gerwlratrcg\ @friasqmouumt hpeing atfisstrveavelength;aser punpi ng | i ght

fromaidh Z,fogﬁéﬁgera e Bticel Bln' RRGEe 'ng@ﬁ%as‘éTcSHd

out pu
outputrm:trtsWa\tnaheimgh Hhe Es€F euuout:mtquulsed) tesdr atlﬂpug t he

opt | t ween the fi r
Co TP CeREFind RUPEER fomttrih A ESERCa 4R by BA tiforent
sidegibpthe ladeir nsddivim dorgeropenghtioy resgecties first pad sédamaiddsetl ong
the o tlcal pa nd on different sides of the |aser
maﬁ@alns Segr ?;rpb'li?&jﬁeﬁ p%'lg{l ve first and second
lf _anﬁ‘tét amoéd HcBhd Wdabéléﬁgthctfonpﬁh@e@obﬁsﬂéd alohpdle opﬂitdil path and
irst and second wav copver posj tion
resRPEIhg Y HLHRIENE SfeR T ookt FRE | edi 5200 SFPRE Maplength
corﬁl‘eﬁ@ﬁs ind B@aptas edr c%ﬁdér‘tlﬁg tﬁé‘hﬁa\félé th @nhesRAsEtHaser output to
wavel en converters bei n for convertlnggthe

a haa*o@vl@ﬁgtfﬁ fisst wanelengtis geeh gbﬁhealﬁﬁtmnfi segond [RSPhBIFFRINGE

beérhghsvcéﬁmawﬁmb%%i%ngwh that the first and second
'aser machi ni ng beans have a harnoni c wavel eng'th 2.

The2.| asdhedasasiofciaim 1iin wWaighcthefird andsgconghwavelepeih
coﬁ%\&%#se&gw&smeﬂgébwe%n%@ §Re3R4 sRESH ARpURRIHSL e i rst

seco out put cl al m 1in
whiZh t Hémeflasmofmnen giichcibafiesstivavelengflt cawerter egmprises

vy SSSPRSBLA 50 RS S 5 s por

such
suciothiat thedirstoroptinedr coystal@ongertshibeffirstsvavatengthetogthe hasmenie

h i I I
walSH B Sk SO Sl PRGOS BB Bl
anmgehangmicwdveliiﬂgih.lt aser of cl ai mhz}\vlend:/\’{fqlf chet:]e first
sec e er.s
o ober ¢ 1 1 15RPY Shh i S B Bt Y et PaBbnat
corﬁmﬂérsﬂhm diferent prapertids fsuen et theafirstamdseundllasey hechining

The | cl a h the first output port
be%'ﬁﬁﬂi‘ﬂ?%ggfsé ﬁlg’{!onlcwavelleng:m'c e first output por

5. The laser of claim 1 in which the first output port comprlses a first

resonator mirror that is at least partly fransmissive to the harmonic wavelength, a
first prism that deflects the optical path, or an angle cut on the first wavelength
converter that deflects the aptical path, and in which the second output port
comprises a second resonator mirror that is at least partly transmissive to the
harmonic wavelength, a second prism that deflects the optical path, or an angle cut
on the second wavelength converter that deflects the optical path.

6. The laser of claim 1, further comprising:
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resonator mrror that is at |least partly transm ssive

to the harnoni c wavel ength, a first prismthat
waledosactss1 t he optical path, or an angle cut onPthes2005/010196

fi rst wavel ength converter that deflects the optical

n which the second out conpri.s
D AR af e Bl deaoss PosoneRalong g pptical baih on

op;idsﬁ@%me%sdf‘ﬂ@e foQet MABJIGAT. MONi ¢ wavel ength, a second
prlsmthat defl ects the optical path, or an angle cut

n fhe sEEdasenpiviaine/yn Nvmféh\hérfwran@w&pomﬁn@swov%@

de\ﬁégg &ﬁhprﬁ&t\nav@ |attRe | aser of claim1, further
n%)rl sing: fi rst and second ener:gI control devices
oS

ti onTé@ lasery claire 6opwhic thedirst and sepprd PRergY icaeisolof
de&l&@s ér@%ﬁtrﬂﬁ’é’dlé‘&ﬁ mbke 1 ebﬁ%qéfé]f C{)Lﬁée&‘éﬁ@r@leb s Wl 5 drlee

first and seco energg control devices tonprise wave
seqgindtlaser ngachinieg begrse substantiallintiee $amehi ch the first and

secgnd el“H‘éﬁ,%er%?% aﬁrﬂs euﬂ‘%s)ﬂn&met‘heeﬁrr& a‘ﬁﬁ@e&?ﬁ& @Pérgxg%t%ke

respective l[aser energi es of the
de\dezsoare doa]s'eﬂabtatmmake] tpsbepuise snbrgy @i theafirsl/bedne sigaifisantly

aitGrent B BSE e GudtolbP e et Bedmion) o T ke | aser

puI g 0] en'Ehegysafoftclwnﬂl insthidrethmresgpetive fsbhahy sdcdrider ent
waygBRbtnIpRe et Ra R bot ety BEiBRRy (Ea Shen i srs
chaagt?{idtuomehe gt lars]téllngehﬂhmgSaeaﬁdpmph@attngrthrd@haln@flrst output
pof Bik sl il idenee i Seadriher alberistim i missgonb iaser

ma@hmp@@éanmPrdd"a@ammhm@hfthé sbcénd Sutbuinsdrt, wiiegein the ﬁrst and
substanti a |§@I dentical. to second characteristics

seqqnd RSa HoRTRGSHPIGRAORTANISA §NE Q5 MYE & ng.pﬁaoawleuekla"w,

lasbhﬁul§@wi7d’cﬂ SULERH up\;érénergy]erel n the first and second
beam characterlstlcs conpri se one or nore of

pr obhgat Thenageraficlam 1|0a§ é\ml%uﬂhgéuhe&tlﬁser&utn%béﬁ aﬁap%télon

rat€ B hbaterkRan 5@zl aser of claim 10 in which the pul sed
aseér output has a repetition rate of greater than 5

kHz12.12, Thml@sera@‘@lau@ﬂ &urthemcemprisingher conpri sing: a

oS gL T AP YA o e

thefost and sdoondiawtput os.sviiarein the Qoowitahi is rpeeitib@eoﬁle@tweeh ¢he
|aSF‘a§‘%& nmedi a. 13. The laser of claim12 in which the
aser redi um conprises Nd: YAG Nd: YLF, NdI YVO4, or
Yb: ¥AG Taedaser offclairh 112h|ﬂ?\l\$lmhdhd Iases medlmni cumnpns&q)hdd;é’{é\ﬁ

NdI\H_FY'%\% Yb&,, orL\Fb 'Y and fri 'which t\ﬁe second laser medium comprises
Nd:YAG, Nd:YLF, Nd:YVO,, or Yb:YAG.

14. The laser of claim 1 in which the laser medium comprises Nd:YAG,
Nd:YLF, Nd:YVOQy, or Yb:YAG.

15.  The laser of claim 1 in which the first laser machining beam comprises
at least one of the second, third, fourth, or fifth harmonics of the first wavelength and
the second laser machining beam comprises at least one of the second, third, fourth,
or fifth harmonics of the first wavelength.

16.  The laser of claim 1 in which an input coupling mirror is employed to

facilitate end-pumping the laser medium.
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14. The laser of claim1 in which the |aser nedium
conprises Nd. YAG Nd: YLF, Nd: YVO4, or Yb: YAG 15. The
wo ameniashiclaim 1l in which the first | aser machCTURIN05/010196
beam conpri ses at | east one of the second, third,
fourgh r fifth noni ¢cs of the first wavelenth and
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the f vel engt h The |l aser of claim1l in

whi & aﬁﬁheﬁ%a%r fGTRHM, h'g Sihicn e 1 2BKE6HRA lass machining

befrAg chmrpas-@ tHR SR HEinﬁ‘&né Wavéuaﬁgth ﬂﬂiedawnowput Hehe 1R Rbnic
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and ﬁ?ﬁelaﬁ@rrlﬁ@ﬁp@blw prayigiiid: withpt dagmage toube dirst andisgeond

wallBEABR! onvar r’a%igc%t Jr}gﬁ.ltgoWe 6f thE Frst s'@éHh&’HsEPFnachmmg

powe for a e out put arnoni c
beams dadtys significantiyegresater manethagsachcad knaximtireowtpwtedasveg oh the

tra&ﬂpi\@rinegrd% %ﬂgt\yﬂf%rh@?&{m' s capabl e of providing,

iTst and second wavel engt h
con¥@rt efty laaertmftcﬁumo‘hhpmhlcrptbmﬁrstdésetrheacfhlmBg baam

b hat
rokpaany PRt PRIN L BER The i tedcdeiett meilihebeeme
prapagelting mn@igksﬂhag!eeemlmmpnt_ et inaei autpetaohardceristioe tHah ae
coll Bt D52 ch Rt el F e ponerss
beﬁmrtﬁelrmehd%@edmmomtguw@ propagating through the
have out put characteristics that

o 28 i b e S ot i Whiet he P peagRd JASRE Mmaghining

befifk & airédte@at %ade@sébéﬂtreép&‘ﬂ@ AReBh§ sBedntesUbstditially
first and second output ports. 20. The |aser of claim

ideptica) tapgptsroesform rsgbstan%allyé%ﬁlaah ‘H@é@t‘%&ﬂpﬁ‘iaﬁﬁa Weans

sinfiiRndbiggt ed at spaced-apart respective first and
second substantially identical targets to perform
subgt.antA lasey sysdemtdopirisiger at i ons substantial ly

si myl l?dqgﬁiéc‘{a)éer %e&mg%&&ﬁﬂed o?r{?eé(ﬁ G@WQT bsthng TGC%IV% laser
SO|I state laser m posi t1 ore ong an
pupmmg light fremed lasel pigoping sapicagthiei lager nﬂ@dumnaadaamirto facilitate
: ' dapted to facilitate
aefitTRbr GO tpul iirlehy Bt WRSUBBAL P 75t Navel engt
a Qaéwswitdh pasifiariedrsdehgthe mpticdl patipbeteekn e firsbataveesond

ool e Ao i B e LB R e et alBler ™ e

first and second output ports positioned along the optical path and on different
sides of the laser medium for propagating respective first and second laser
machining beams of the pulsed laser output;

a first wavelength converter positioned along the optical path and adapted for
converting the wavelength of the first laser machining beam to a harmonic of the first
wavelength such that the first laser machining beam has a harmonic wavelength;

first and second energy control devices, positioned along the optical path on
different sides of the laser medium, for controlling respective first and second

energies of the respective first and second laser machining beams; and
18



first and second output ports positioned along the

optical path and on different sides of the |aser
wore@samshor propagati ng respective first and seCDO82005/010196
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wave t e secon aser nachi ning
se¢risl I%eaﬁraclmmct@namaommm ONEIes Mase pébeam@r@wmmamdamy,
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anti al that first characteristics
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bea®d.pr offegasemsystem ofigaint Bt irsehioh theofisplasepaathining beam
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wa:valeegthmﬂdaae %ﬁbdﬁi la@érdnzgﬂsmhg lbuhm&:oﬂmﬂrsgy at éb%lst dmeeof the first,
aser, .system of ¢l aim [ se aser
seesiip irch . S Raronce o frepveiendtinan 5 ki,
24.25he Tmaéerfs»ysteﬂnbﬂélalﬁi 24, fuethér doﬁ')pﬂél h the fl rst
| aser mmchi ni ng beam conpri ses at |east one

s acE RBCOTNPIShel PO ertar PPaTanscalpreb Misceptigel Rath onia dferent

snd’é@*f %@l@géﬂnéﬂﬁgni 6 39 VP the ﬁ§ﬁﬁ/a\@§ﬁ§tﬁ‘ CovRR ”Ehe second
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waf/@lsnmh\ coprettgriadapieg fRbpeRYETHT thewavelength e saearl laser
maeRinin y“ delrﬁ?c?é SNES HbP{heQIrQ'WB\%Iehgtﬁ Shdn¥Rh tﬁ@@%?ﬁd fa8er
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coxi@@%h%ﬁﬁmé’& Rt bidpahiedoNich B the ARPYES E&ond Bams have
different harmonic wavelengths.

26.  The laser system of claim 21, further comprising:

a second wavelength converter positioned along the optical path on a different
side of the laser medium from that of the first wavelength converter, the second
wavelength converter being adapted for converting the wavelength of the second

laser machining beam to a harmonic of the first wavelength such that the second
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wavel engt h converter adapted for converting the
wavel ength of the second | aser machi ning beamto a
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28. The laser systemof claim2 1 in which the first

end?-gy duniepen systarm etclaiond® inswiichthe tirgbandsecant enevgiv e
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pol arizer an or a arizer an
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d second, | as sgo that their

i e RS Stars PEGRI 51 I i S fresSdtpitist fargitses a

first ﬁee&hem mnrrsﬂ iafis 3 Idaadt M&my" frah&iRiskiveté tf@l%rﬁ%wwwe@éﬁjth
machi ni n eans performdifferent operation

a firgipRigM tQﬁ%@ﬁI@cvs the optica 2aif PERY apgler enthe &nsngelength

con\}eﬂ%ﬂHa‘? Befleds thelbRichPASAR, s¥Sh ‘Wﬁlé?'f thelsekbBhd odtplpddi ch
first output port conprises

compnses a second resonator mirror that is at Ieast partly transmissive to the

harmonic wavelength, or a second prism that deflects the optical path.

33.  The laser system of claim 21 in which the beam positioning system
comprises first and second scanning heads to direct the respective first and second
laser machining beams at spaced-apart respective first and second substantially
identical targets to perform substantially identical operations substantially

simultaneously.
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eaminitiates inp enent after the first
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heamigmlmﬂyr@rMmraslaseﬁprom@smga@wamt emof claim2 1 in
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arelmpmmdaq joivily ;bm'&n‘ntmlqser procgssing dparatien and the first and second

r ti 7.
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chacaméns’aedwmrem thebearetheractedsticl cmt'rmrlaes béametaweiahgtt, daser
| ﬁ‘g alcannln head to jointly performa | aser
pu?ﬁ\%} ﬁrf?&\éBB‘éPgtePSW *38. The |l aser systemof claim?2
1 i39. whiThé Idske systemtof 2faimDddnmhidretefipsttang setend beams
g? ne% wj ointly performa |aser processing
COOBB el GH &¥8 the first and second | aser machining

beayys hame |er bpasih dFeaimtienirihenabmprisin st antl all'y
di fferent beam characterjstic, wherein t

chdrdandsesendiassinpyise gatingedaHicRs BFREFYVEY Wﬁ@@?e(bﬁ'P@% the
flrsﬁ"érﬁit dbcoRd bbéﬁl%atléﬁ:’éﬁo? §el%€ﬁ\fé3}’ atﬁ% thd Ibﬁlsleaffﬁer DUUELT Bk
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devi ces respectiv tione

pulsed laser output of the first laser machmmg beam through a first scanmng head
along the first beam path to a first target location, and such that the second laser
pulse gating device provides a second output transmitting state to permit
transmission of the puised laser output of the second laser machining beam through
a second scanning head along the second beam path to a second target location,
the first and second laser pulse gating devices providing respective first and second
relatively nontransmitting states that inhibit the pulsed laser outpﬁt of the respective

first and second laser machining beams from propagating along the respective first
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propagating the pulsed laser output through the first and second output ports

to provide respective first and second laser machining beams; and
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beama characteds fimacmnmiseme e thdra ©€ beamtppopadatioh guaiityj laser pulse
out puf such that the respective first and

Widbﬂ@ﬂﬂéas(ﬁﬁggsgr?@ﬁg Yeonverters and output ports are

sub;st anl’l‘héhhé’thbdi entlaimdk7 pndhishi ek labat odtputdtas a repetition rate
ch #}@_ﬁl cs of the first |aser machi ning beam
Of%? 4hrough the first output port are
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the second | aser nachini ng beam 8at 1ﬁegethrou
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pulqaﬁﬂ lagereqidpigio hagnonip éaSﬁépw@at éfJCf&’Ffb%’( ihe4fvr81 ?ﬂq/\fﬁ(?@ﬁdt he
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second energies of the respective first and second laser machining beams, in which
the first energy control device comprises at [east one of a wave plate, a polarizer, an
electro-optic device, a polarizer and a wave plate, or a polarizer and an electro-optic
device, and in which the second energy control device comprises at least one of a
wave plate, a polarizer, an electro-optic device, a polarizer and a wave plate, or a

polarizer and an electro-optic device.
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55. The method of claim 45 in which first and second scanning heads

direct the respective first and second laser machining beams at spaced-apart
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second | aser machi ni ng beans whenever the respective
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resRgFiEHIrgt M%HaﬁHbﬂagt'aﬂybﬁ’%WHafg ia RRTIATBRYBakaNtally

ideﬁﬁwaéﬁﬁioﬁs%G@&éﬁﬂéﬂ?%lm@iaﬂ%@é!w put harnoni c beam
y determined b d risk to the wavel ength

| ar ge y a _damage ] ) .
con\%@r t ekhe mathgdial claim 48 in wbighdbe first and ggeenckiager machining
be@h8\r&lEAbingY td) B#Hpa?éﬂéﬁﬁid&ghta%n’ﬁ%ﬁ LeahEa RNl BEform a
a total output power of the first and second l"aser
lasphBIPCASIIOY BRerdEon-hat is significantly greater than the
practical maxi mum out put power of the traditiona
si ngl e- out put harnoni c beam 55. The nethod of claim
45 in which first and second scanni ng heads direct the
respective first and second | aser machi ni ng beans at
spaced- apartrespective first and second substantially
identical targets to performsubstantially identica
operations substantially sinultaneously. 56. The
met hod of claim45 in which the first and second | aser
machi ni ng beans are conbi ned to propagate through a
comon scan head to jointly performa | aser processing
oper at i on.
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