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ri ghts whatsoever. 37 CFR 1.7 1(d). Technical Field
[0002] This invention relates to a simultaneously
node-| ocked, Q switched laser that is configured to
prevent |oss of node |ock during | aser operation.
Background I nformation [0003] Material processing with
use of an ultra-fast laser (i.e., laser output having
pul se wi dths of |ess than 20 ps) or a node-| ocked
| aser having | aser output pul se widths shorter than 1
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i ndustry practitioners. A typical comrercially

avaiéﬁélzfgmlm&%é‘ ast laser is capable of a |aser pulse
repetitron rate of 1-5 KHz, with 1-5 mJ | aser energy )
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e- | ed | aser 12 emts |aser output pul se power
37 CF'E%%{?& q&’-zed by a pulse width of 100 fs-20 ps and

pul spedkrneiiitiern rate of 80-100 MHz. A | aser pul se

i cking device 14 selects, 1-5 KHz nopde-| ocked | aser,

[0002] | sERRfinvPRtARLIalaesdo ARBURANEUSbKBIP A I0eked Bsgwitched laser
. > i o i ¢ <how

nat P38 BB O gl g o g o1

12 aBackgrousddnfarmefionevi ce 14, respectively. Risk of
ical: t Li fi .
[0003{2 QG I?Jg?gés%lhg%th‘:@é@@@ﬂ Gtr¥adi sgtng;/a' 1588r output having

I'nt enseu aser pulses |Is avol de
pulsei widtlsiat iesg than 20eps)uemaimade-meked Ipsedhayingd dasereoutputpulse

w8 .5 AL 530 LGS ot

practitioherer i typical cegenenctlly\evadlaple tilitrerfab8lasef isscapable of a laser
pulsearrégle}iticlar(lz ar‘%nt'eocglf’ 1-56 KHz, with 1-56 mJ laser energy per pulse. Fig. 1A shows

the building block components of a typical prior art ultra-fast laser system 10.

Fig. 1B shows typical laser pulse waveforms produced at the outputs of different
components of system 10. The first part of ultra-fast laser system 10 is a typical
mode-locked laser 12. Constructed with proper lasing materials and mode locking
techniques, mode-locked laser 12 emits laser output pulse power characterized by a
pulse width of 100 fs-20 ps and pulse repetition rate of 80-100 MHz. A laser pulse
picking device 14 selects 1-5 KHz mode-locked laser puises from the 80-100 MHz
mode-locked laser pulse train for ambliﬂcation. Fig. 1B, lines A and B, show the
pulse trains at the outputs of mode-locked laser 12 and pulse picking device 14,
respectively. Risk of damage to any optical components by the amplified intense

1



the anplified stretched pul ses are directed to a pul se
conpressor 20, which restores themto the desired

wo eowoemednd pul se width range. Fig. 1B |ine (PCHOSWS6/046588
the anplified output of pulse conpressor 20. Laser
system 10 is very conpl ex, very expensive, and
difficult to use in an industry environnent. Moreover,
the | aser pulse repetition rate is too | ow for nany
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directed to an optional pulse picking device
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produced at”t uts cked | aser .
[0004)2, O the qihek hagdda\tymealaanodafiqueqaIasfard_suasaﬁlaser pulse repetition

ate JRRTB AL Hgo BT A A AR BB T Ry ver tow

laserl%m_dgycper pulse. (iDthes rangmdélessahan 1 |ahd FEighRAishows a prior art

moad (e pbE iRE G050 Pl st BB Mo ARG taser

outpl{lﬁﬁﬁﬁgé‘ﬁg ptflé@l widhier iata tcm*ede grb@ﬂm&n anse@:nﬁ&teednwarfd several tens
'S I.Nnad O stem I r ,,. Sl nce e

of pica3ERNHF Brs egted el ptRBal PulsEaany deyibs 3 which i

fouova&i)bvldh dptiorid %nﬂbllffé@ 3B Peiyl RBO nnééltoe EfaWCS@hNQ%ipl&ﬁl laser

device 34 is only KHz, nost ercentc?
pulsg pawer we&gm&qué@eﬂwtﬁba@utwsaf madeﬂo@s;e laser 32, pulse

plcku‘l@aggﬂ:% <y %H@ﬁ%llﬁ@@%ﬁ}’@%ﬁécﬂ\%l e A RlodReekagesks system 30

| ace very stri ngent aln
has reggotly bﬁ@ﬂltf@ a)rallahtﬂ,ﬁuc:@ra%e TimecBaadwidib Rredugls., Duetto

mod%tléé'é‘flI aha éaiméuﬁssfé‘@ c':‘%f %%P réBFﬁfl&‘n Yk fcﬂﬂpk?& atgﬂ é\‘?erage

ecause of s aser sys em 30 1s no
powarexfdabaubr Odee'Elpmeaafa salesal perforapide; aeckaging) @ds) op@ratnonal

oron LR ATHE, WS RE S e, Bl 95 G0 shoetivion
rate of mode-lbcked: thsen Sristes knightasol 00 MHE éméthepphlse repetition rate of
puisd R Aot 2 oRUE 0P 36z L oY pRFod bk B neroy
emittedusedelloeksaMdsst 3peneasted. ThelasdAenbayypér pllséfor mode-
locke% ltaser 32 is too low, which places very stringent gain requirements on amplifier
36. Second, the design and structure of laser system 30 are very complex. Third,
because of such complexity, laser system 30 is not yet ready for widespread
industrial application.

[0005] A simultaneously mode-locked, Q-switched laser system is constructed
with a Q-switch placed in the resonator of a mode-locked laser to control its laser
pulse repetition rate. The laser output pulse emitted from the mode-locked laser is a
higher laser energy pulse because of Q-switch operation. Fig. 3A shows a prior art
simultaneously mode-locked, Q-switched laser system 40 composed of a
Q-switched, mode-locked laser 42, together with an optional pulse picking device 44,
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si mul t aneously node-1 ocked, Q sw tched | aser system 40
conposed of a Q sw tched, node-|ocked |aser 42,

wo ogebmu3 Wi th an optional pul se picking devi CRCHUSZNE046588
an anplifier 46. Fig. 3B, lines A B, and C, show
typi cal |aser pul se power waveforns produced at the
out puts of node-| ocked, Q@ sw tched | aser 42, pul se
pi cki ng device 44, and anplifier 46, respectively.
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tne CRBYALADR ofREEh i PISE S, SRTopN B bABe 150G B0l 44 o
besmme@sk‘@dresaﬁer T|dnﬂ short §msainté&ryal hetveaaredexladijseent ones of

SR RI5ATBl %3 i TaBEASF el P processes
for ri&dubhm dalmmahdcnkmragsmmm@mutgeﬁié Lasestaablk%gbéelach mode-

h r e
ook InGR USRI Fan brdReiasg Wi 4SH 5fan itiost lfier 4P One
potantil ke/cmﬁéﬁllditmu&y Mlﬁmﬂﬁﬁcm affenhédedotkedlaser is that mode
l0ok§Sg GaRRat b raTy sisteblishsd Siyingfha Sher s ofBswiched laser pulse

build@sKThgs Ruthenga8es Wy AlbdeIoeRBA Yastrsidre rhbsth) 8sntirfuous-wave
[ 0006] A simultaneously node-| ocked, Q sw tched | aser

Punyq%e'aﬁ cpgrateddn & epninuausINAdRat-e ita Previde rsum%rétstaeg to
estaiﬁ*sh\fﬁbae @oémﬁg efko H@Fﬁﬁ@ﬁGPQdeQQOE Wgrdd:- gs?@.%%h

profile simlar to the laser pul'se power pr
achi eﬁéﬂlnigﬂi_@faiﬂ@tﬂtiﬁlﬂ_uﬁsw tched | asers. |nstead of

[oogﬂ”t ' @H&It’gﬁéﬁﬁsl@%ﬁ&ﬁ {:IQ%J‘ Q- '%Wf?:h%ﬁ I%%rhéétpt‘fétﬁréad fo perform

ul'ses " wt
certaunm@éeraaidawmobasees dEIIWSpa)WCEﬂ meinolsecondywidedasepulse

porBEREE i BE RS T GRRERYIH el BRRIE REOR LAY E88gan
Q-swamhed lmsers p dnsteat ofroapintinabos daserdewekwithist tateprofile, there are
mul l%irﬁéﬁéﬁ?clggf sﬁgﬁ'p%lljsaés &lﬁﬂltn' t?lléoryasnésae%%hdgvl#d%%aser pu se power
profile. A preferred embodiment accomplishes this by operating the laser between
the Q-switched pulses with a level of residual continuous power to maintain a mode-
locked state. If necessary, the residual continuous laser output can be blocked by a
pulse picking device.

[0007] There are several advantages stemming from construction of a laser of
this kind for certain material processing applications. First, since the laser is
Q-switched while mode-locked, the energy in the delivered mode-locked laser pulses
that are located near the peak of the Q-switched pulse profile peak is at least

10 times higher than that of the traditional mode-locked laser'.- Second, in certain
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pul se pi cking device. [0007] There are several
advant ages stemm ng from construction of a | aser of
wao boog/okiomsl for certain material processing PCT/US2006/046588
applications. First, since the laser is Qswtched
whi | e node-| ocked, the energy in the delivered
node- | ocked | aser pul ses that are | ocated near the
peak of the Q@ switched pulse profile peak is at |east
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proceas;mgethmaos eodorigéna ereepdoe a nulsé piaking desied, the elimination of
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55 BI85 500 280 R semconducor
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profi %\?ﬂmnewhﬁ?\r@h%%] dye @Iﬂéﬁgﬁégggg%og@ﬁgp ﬁ'isé g'éévantageous in
cleapiogdhemwf ahd raduhmg defirish Theneds also auldvepdalbadvantage in

cked | aser pu advant ageous in cl eaning
iner n% Larﬁ‘erzfﬁ‘ac?sesd'ﬁ% %ﬁraugE'BPFs There is also an overall
[0008F v arAddjtional aspuotaand dvastagay wilkise apgatéﬁtﬁttgh Rhé following

detalgd ABeafibYon o Prere BRI TP RGNS MBI HERcFRH Wih mference to the

accq@ﬁpﬁ@.ﬁg@rm ments, which proceeds wth reference
,c 0 anyl ng dr awi ngs Brief Description of the
ith QIS B show, respectively, a
[ooobypl Cﬁbs p‘IA%rnda’{ B s‘hbw @eéﬁé&tl\)eﬂﬁeit cH PRt L'ilt}ﬁ-fast laser
aser power wavef orns oduce at the out puts
SySt(?msaﬂSbFF@)kPéﬁf pulgeopawer Wiaygforms pregiuzedstdhe outputs of lts
comb@ﬁ@ﬁt‘ét'vel y, a typical prior art node-|ocked | aser
stem and the | aser pul se power waveforns produced at
[0010 e dﬂgg@/é apid ZB§homwem¢nte/els{ @otypidal prrigs art3nodadogiged laser
I
systSiNHih 2 RREE U poliePfuaBbrotis otick B ERHS clipyss of s
compohartspower waveforns produced at

[0011] Figs. 3A and 3B show, respectively, a prior art simultaneously mode- '
locked, Q-switched laser system and the laser pulse power waveforms produced at
the outputs of its components.

[001.‘2] Fig. 4 shows a preferred mode-locked, Q-switched laser that is configured
to prevent loss of mode lock during laser operation.

[0013] Fig. § shows the Q-switched laser output pulse power profile of the laser of
Fig. 4. '

[0014] Fig. 6 shows a preferred embodiment of a mode-locked, Q-switched laser
system configured to prevent loss of lock during generation of sets of mode-locked
laser pulses for severing semiconductor device links.



the outputs of its conponents. [0012] Fig. 4 shows a

preferred node-l ocked, Qswitched |aser that is
waeonf7iogisned to prevent | oss of node | ock duri nBCT/EHSEN6/046588

operation. [0013] Fig. 5 shows the Qswtched |aser

out put pul se power profile of the |aser of Fig. 4.

[0014] Fig. 6 shows a preferred enbodi nent of a

node- | ocked, Q switched | aser system configured to

Pr evesilialios He¥criphioh B RrdS EREdditianes  Sets of

node-TOCKEO T aser purses ror severrng seni conduct or
[0018}vi ddgl 4 shewda prefedrefanodedocked, (R-switchedriader 60 that is
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fromm Rsenicontrelien62 rpQeswitetk drive isiyhdl ﬁaethaoﬁerv’:érs(w .a Q-switch 66 a

60 receive roma | aser cont
levelgh Ao eV TG Rk reidy o BRal0laa resiadaBser pesration
betweenaQlswviedhedf paleati (8RMBd\FR o<Wl Bﬁp@tﬁtanhhplaser controller 62
mai ntai n residual |aser operatl on between Q swit

can gperadse lages8Q ined qyask VY mpde bypior &xample meata@urswnchmg
bet\nfe%ﬁ‘ltf fhd §Fn|§§oﬁ %t&ﬂeétﬁfe% éﬁ@qrmé%h@nﬂs&aﬁ%méw SRES ) Laser

, for exanpl e, repeat y switch I ng bet ween
60 l ides erha%ﬁn f@@"ét%’t&%t"@h ¢ontains adasingssedivre §drand Q-switch 66

pomﬁéﬁé@ﬁeiwéé’ﬁ a 5‘pésrgy r@ﬁé&%soﬁghgé@%l\%? ; Ch@'{)déé r84r H}%r r 88. Laser

ontains a nmedi um 84 oSIti
60 ISbemdv@elmweq)bytdlqde &fders 9i0vand 02 rannittil'ngthurmeldeahdn aespectnve fold

i3 A 2 i R R0 bt

mediim Bdr sFéld raircordds reflexcts ghictodbldunicor QQanﬂ tormdput coupler 86,

throgf WER.$184% GHlpCr 8B ABpnaaaERork S Qs tEL ElrabIS sbsorber
mlrrmlﬁ 186, pdditiongh neki adjasehtttpaca wipor 888within laser resonator 82

coorREg KR 5iAa TP UHBU IR Soial IR RPCEoRE ORPrtGN Giaser 60.

[0016] t hl1rhé 8p6FationseMater 66% aesawad ﬁtheré}ehaélt@%g 5, which
medi um 84 _to establish node-|ocked operation of |a

showpthe Boawitched lasesmutise power psafie ofdaser ipul 9B D-spviteh 66
charrg%fseth@r@ e/a'i@e Ef e$’re§\5ﬁé3tﬁr ébq.\weéfﬁbéé e &bffé%hggs Signal 64 by

| se power | aser out
sele@trmi)g asodtm;ngghm asddew| thesﬁéamrcreseaatqﬁ 82e spoe bigh Q state

cauie:% g;ﬁ}og‘%ﬁ@g Vc\)lﬂd B\Mﬁpl@' ¢hal dl?ﬁ‘laggd $igh fs‘éféré%fo?ﬂgﬁlhs?%ﬁ 10 of one

ates of Taser r
or mQre trece- hmksdsarpceslsmgumﬂseﬁ 1h2) amqblthe towrE) siiadg@lcausels production

ot vl S PRGSOt 30 dBe Al Bifioentigqmissin
burstatit@s Verp thw intensity represents less than about 1% of the peak power of
processing pulses 112. Very low intensity mode-locked laser pulses 114 maintain
for laser output 98 a mode-locked condition between times of light emission buildup
in the high Q state of laser resonator 82.

[0017] Very low intensity mode-locked laser pulses 114 in the form of residual
laser output can be blocked by a pulse bicking device 116, which is shown in
phantom lines in Fig. 4. Laser controller 62 coordinates the operations of Q-switch
66 and laser pulse picking device 116 to select multiple time-displaced light pulse
emission bursts 110 from very low intensity mode-locked laser pulses 114. Pulse
picking device 116 can be used also to select a desired number of mode-locked
laser pulses 112 from one or more of light pulse emission bursts 110. An amplifier
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of very low intensity node-|ocked | aser pulses 114
bet ween adj acent |ight em ssion bursts 110. Very | ow
WO pdaogeicty represents | ess than about 1% of t heCPEs1006/046588
power of processing pulses 112. Very low intensity
node-| ocked | aser pul ses 114 maintain for |aser output
98 a node-| ocked condition between tines of |ight
em ssion buildup in the high Q state of I|aser
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desi red nunb de-| ocked | aser pulses 112 from

with g fradijonghmo Iqqk&ﬁolaf,%r -se emission bursts 110. An

[001 81”p| Fig & $Hss ﬁhgl’&htéﬂdg‘tdil a Eréféirearé’#hﬁdﬂmeﬁtcbf a snmpllf ied laser
er 46 in 3A) can be used

systern gﬁp 'ﬁ@PQ@%%’%@‘i’%‘i‘P%ﬂ% Csswitghed 'ﬁﬁﬁ!eiq n%z&?neaéfa?g light
emlsﬂﬁhscﬁﬁsélﬁ(ﬁﬁh Mﬁﬁf@%cﬁbdtlafer%m@é’é 19 tﬁH{ aR Géﬁkétﬂé for achieving

evice 116. The effect of using Qswitch sign
semigenduciondeavige linksevesingl t%relferre@bﬁﬁanwedengﬂh'é from about 150 nm

to abgm gaébwn Holbhe, &tsyvetrfai%{éfﬁe 104!l 1596808?"1 .oafi dman 05,

a reductron in pu se pr0| pOV\BI‘ mnlrra
0.75-0086 gouentheinsedantd; thisd ; foartbe ak fi ﬁb\h@m‘mlﬁ%@fﬂ’fh@ﬂe\é%@d Nd:YLF,

Nd: Y%tg ‘%@g& %E?S%ggﬁl qu§ae2§ﬁ 23¢ 5%@%?@ b‘éré%rg\ivﬂl appreciate that

laserg rmtt(rfg detdthelr saitpblef waveléngtl‘moahmmrnmﬂrcmllglavphlablee dhcluding.

aser m 120.i nc] udi ng a node-1 ocked, Q sw tched
fiber jagels, d?’ € BF'PeVrzEl(l ng light enission bursts 110 of

[0019pde Lhﬁékg‘ﬂbtbﬁs ¢20 s herieldd Retdintondy by d’@j ofbkampte to a second

e B LRSI A e 58 g sl can

be re%%\%d“fﬁ éﬁ‘rﬁidéﬁé ,th@%brmbﬂudﬁé&ndérmohedm@ NdlYAG o+ S%r solid-state
or 1.047, 1.03-1. 85 mmor their seco

lasert‘taz s, Pyroped rbv %iaﬁqrfq'ﬁd% azm.ac@sm Gmwpmeﬁw'%ﬁam laser,
the eNfssi¥H 26" PT \)Gﬁféh @%Eﬁs@‘B? héﬁéfcbn%‘b%h%nﬂsz?% o' d %mg medium

persons w preci ate | asers emtti ng at ot her
130 wmhmamla@me@@a@r H§2arl@%rﬁﬁ%¢'@tar 1$24neludas i addition to lasing

medIEWI: hygi g W& 1 ﬁ?ﬁ&élgoﬁgg I ehEeh mﬁﬁgﬁolﬁﬂ&llﬂrmm 136 and

ser sys IS ND herern on
138 aloagareoptic axisetthdamauipot pcupmz4ﬁrr)anﬂca NoRE Mg 144. An

aperttfé: 14%I M&§ HES bb FEIFN Gy BN Rsfild AR SmCASb and mirror 138.

Mirror 136 reflects light to mirror 138 and to partly reflective output coupler 142 that
enables propagation of laser output 148 along an optic axis 150. Mirror 138 is
adapted to reflect the light to a semiconductor saturable absorber mirror device 152
and rear mirror 144 of resonator 132 for mode locking laser 122. A harmonic
conversion doubler 154 is preferably placed externally of resonator 132 to convert
the laser beam frequency to the second harmonic laser output 156. Skilled persons
will appreciate that where harmonic conversion is employed, a gating device 158,
such as an E-O or A-O device can be positioned before the harmonic conversion
apparatus to gate or finely control the harmonic laser pulse energy. Pulse picking
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be renoved to elimnate the harnonic conversion. The
Nd: YAG or other solid-state laser 122 is punped by a

wo amenedidde 124 or a | aser di ode-punped sol i dPCT/EEE06/046588
| aser, the emi ssion 126 of which is focused by |ens
conmponents 128 into a lasing nedium 130 within a | aser
resonator 132. Laser resonator 132 includes, in
addition to |l asing nmedium 130, a Qswitch 134

devibS31R GG B Eh} Eer§F deRAs g SHiR fhd W EpEE [§0Surpose of
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prefét%tbw ?F&c%ébéé?{é?ﬁ tyéﬁ@é Bpéeﬂ?Hr'fb‘i‘lcioﬁQdéﬁé’e glﬁﬁél agbref&ﬁf/or

resonat or Tor king I'as
pasmmhmnlaye@@ wmgsamromam welldgwwrs hpriopeicatdnvessigodgchniques.

Harr?éhﬁ!é@rln}éfg n r%%ggé‘éé’% %ﬁéséﬁbé&’ X t1éé"‘141a§/e E)%?Piev, etal.,

reque € Secon er out put
“Harslbddledf Nenhmar Qpticaldprystals’a tSpringer-\Werag Nmﬂmc1991 ISBN

o) ixon is enployed, a gating device 158, such as
354?n§§{f I A-O device can be positioned before the

[00213r nOBpecica mrqssjsanaaeparﬁtfsa;l);bmr@ atten fast fageelcalled the MAI TAI™
cont.r,o er se enerqgy. Pyl se
that GRQYHRS sifSoist BRReE, 12 Sachhiing R lis widhit 150, femtoseconds
(fs) apt WS)tfwov%Mﬂ\tﬁ@W@Oetomtﬁo ﬁtlig m@@O [ at a]fré Gﬂﬁ)ﬁ gate of 80 MHz. An
i on r system i1l ed persons

exerlpITy IS A Fah be e Rasowon e WA TALS fager wifh adalen of an
A—Of@i&t\h&hf@ﬁd%%p‘é‘r rﬂbdm@aﬁéﬁ;oﬁﬁydﬂﬁh?@&ﬁ&ncgﬁﬁcéMmg to the

YLE (524 nm 349 nm 262 nm he second har nonic

'"VeBF'O'Tké%?Jfﬁﬁeé 12275 -pumpefPy cuflioge-ripPedetreaiyency-doubled, solid-
staté’gw Ce?ﬂd IRIHIBW d ey ém@m@sg)e GRHA‘%‘H&G R& YAG or Nd:YLF

nks / or passi vatil on s usin
lasep pn yphichtthe irventionosan habuihtcmakeeser 22 mmjhde the JAGUAR-

: o .
QC\)?%L@%T &@é‘%} %@tl.lr/?%&?\ﬁﬁ?gﬁ?'ﬁf §qlg|a%§l°'[; 4n'?j“ﬁ8th Products, Inc.,
of Ziieth i&wﬁzeldmd cal Crystal s Spri nger - VerI ag, New
rk,, . 1991 I.S ctr SiC
100241 .1 A5G o DGR SR e BB SRR A B B e
manTleéted by batarigty of deavemhticres thibapwmpsnéﬁ& 1®8ahd 166 that are
navi ng,a pul.se w dt,h O _fentose
posiiid Hshd Reerst PElT 496. BoPRRBRRSTEA SRR it inF s a beam
exp eﬂfdél{brl\ddher meembﬁédmbaﬁéhtsh%dmﬁatﬁla%@e oised 88'to produce
t he Afdf laser with addition of an
a beam w:th useful propagation characteristics. One or more beam reflecting mirrors
172, 174, 176, and 178 are optionally employed and are highly reflective at the laser
wavelength desired but highly transmissive at the unused wavelengths, so only the
desired laser wavelength will reach a link structure 180. A focusing lens 182
preferably employs an F1, F2, or F3 single component or multicomponent lens
system that focuses the collimated pulsed laser system output 184 to produce a
focused spot size that is greater than the link width, encompasses it, and is
preferably less than 2 ym in diameter or smaller depending on the width of link 160
and the laser wavelength.



A-O Qswitch and proper nodification on its driving

el ectronics, according to the invention. This |aser
wda2@zios7epuinped by a di ode- punped, frequency- dopdi/@82006/046588

solidstate green YAG | aser (5 Wor 10 W. O her

exenpl ary ultrafast Nd: YAG or Nd: YLF | asers on which

the invention can be built to nmake | aser 122 incl ude

t he JAGUARQCW 1 000TM and the JAGUAR- CW 250TM sol d by

0025} T BN s Sy 18 o b aen .

Patenhdler. 4,532y 02:0f Geenbeckp LBQﬁm@OB}iIQmIﬂ@SYStem 686 preferably

empi8i et aonm Bt 485 48R RARENS 3o e 8 plfariShr s (stacked

or splﬁ&x@)anmcd)mdﬂanatebmth fleetaler1 7@, 1G4hdi76| andr178pkoi taadget and
nen s to co aser, oyt 156 roduce a

focuf TR S HIER B0 50 8-SR 288 onvan | BVRRSGyBk piece
190. waéanbpaambﬂmgs@stéﬂn 184 b@rmutéa&;cmyeweﬁxt batdledr Ginks 160 on

re optional ed and are h| reflectjve at
W°rkt pigce alsid t%%‘l"‘éfr@ HB%TW&"BQP% e ep4he fyhasgd on
provﬁtjed{é%t@p%g \axgl. engths, so only the desired | aser

th will reach a Iink structure 180. A focusing

[002r4]ens ll | be ebwiqus tp iese dpyingskill in theartdhatmagnyhianges may be
e o o oG L B e Whg P 3eaiting from the
undeyhyog peingiples aéﬁua wentienzd helmonesofgtheapr@senhmenh@n should,
eferably | ess
ther%fhgér(f %é%ﬂ?rﬁﬁﬂ‘gg@yﬁﬁhé ?ollq@ﬂﬂ ¢ e'pesndl ng on the
width of link 160 and the | aser wavel ength.[0023] A
preferred beam positioning system 186 is described in
detail in U S Patent No. 4,532,402 of Overbeck. Beam
positioning system 186 preferably enploys a | aser
controller 188 that controls at |least two platforns or
stages (stacked or split-axis) and coordinates with
reflectors 172, 174, 176, and 178 to target and focus
| aser systemoutput 182 to a desired link 158 on an IC
devi ce or work piece 190. Beam positioning system 184
permts qui ck novenent between |inks 160 on work piece
190 to effect unique |ink-severing operations
on-the-fly based on provided test or design data.
[0024] It will be obvious to those having skill in the
art that many changes nmay be nade to the details of
t he above-descri bed enbodi ments wi tthout departing from
the underlying principles of the invention. The scope
of the present invention should,



therefore, be determ ned only by the foll ow ng
clains.Clains 1. A sinultaneously node-| ocked,

war@wmoswhed | aser produci ng | aser output char aet BPUSDeE046588
in part by nultiple time-displaced |aser |ight pulse
em ssi on bursts, each of which including one or nore
node- | ocked out put pul ses, conprising: a punping
source optically associated with a |asing nmedi um
residing in a | aser resonatqr. characterized by a Q
val ue, the punping source @%@—%i ng punping light to
st1, nﬂ's%h%ltanéaa*slygnddéﬂoafed l@-switthed lassti prmduemg laser output

e e e D558 . S sion ursts,

eachl #@hich iSQlidMY 65¢ @R nhdredmBBESotiask 8dtpil pusesaRBnprising:
Q@ switch positioned within the |aser resonator and

opfePHINRIRG SeutsRABicallyaassopiatad with 8 asing seedipay iRidipe in a
laser r'%séﬁﬁﬁ)q %ré eﬁz%j%y vvé gqvéilmav‘éi'neS H\"i.‘)'m?@b@ﬁé MRliding pumping

uci ng states of the Taser
light tcestmataie a meggm df thedasinganedivgnpr oducti on of the

I
o e bR 07l SBEol L AR 1814 98ym and he
lasett fesohator@o stalslistalasen tigiph edissiorom afmm-jodk@d state; and

| nt gpg \Irv tltiéhgp%imed(‘aqt‘\”?@ |§g$| Segsgms Sr‘égn oé% a‘?ﬁ@nﬁa change the

Q vaﬁié ebthenlaer Sé@ﬁaiomrl reisponsé ¢o at(DesWua:hadrlws;gmal selectively

prod LR GLGh Shf BRCE ST Y Saebl iR WOl cavsing

prodiefid of tﬂwmliuaéqrm@idlmaee@ ldsed ngnvpm@eram@swmuu@n@of one or
| aser output and a | aser cgntrol er contri butin

morgMAReclackRd GulpHEP S ERANCHNE 1PV SigffFausiTE Prciigtion of very low

mterrswtrﬁ%é%cwéapra%ﬁ PUIS BdteePesdihtomsoris bhtheQn&Mpﬂ@ time-
and the | aser pul se picking device tg select th

displegedilaser lightwulse pmissian bakws tpur@wt%mf%tf@n'?%r gHtput a mode-
Iock@&‘rtséhaltlgé%glth}%% tﬂ%ﬂaggwcqr{ailtpﬁn&gé B%l@gﬁﬂu‘?ﬂl&ed | aser

| aser o rther conprising a
Sepi Jhedasenof alairorl fidheteompriking a lasenmylse pigking device

ool oBef AR Bt St 638 BBy ne
Q-swittpdiive siyral| thedasputsetralieridoogdidating éhe eperations ofthe Q-switch
an 55 e PR ARG 4 855 i S8 O ElufR bRt raser it
pulsé@amegidnetsurewndrmme verytibw mtmrsﬁylmode{brbcitdubla@esputsels

ﬁngfg'&%ollfaggﬁrgf ﬁ.l"éufswl %ﬁgn‘ﬁ Egag@\é:sgfge% %e?mconéuc?tor memory device
link structure target on which a processing laser output derived from the laser output
is incident.

4. The laser of claim 1, further comprising a laser pulse picking device
receiving the laser output and a laser controller contributing to production of the
Q-switch drive signal, the laser controller coordinating the operations of the Q-switch
and the laser pulse picking device to select a desired number of the multiple time-
displaced laser light pulse emission bursts.

5. The laser of claim 4, further comprising a semiconductor memory device
link structure target on which a processing laser output derived from the laser output
is incident.



| aser |ight pulse em ssion bursts. 5. The | aser of

claim4, further conprising a sem conductor nenory
walenoerehd nk structure target on which a proceB&I/N§2006/046588

| aser output derived fromthe |aser output is

incident.6. The |laser of claim4 , further conprising

an amplifier to anplify the desired nunber of |aser

Ilght pul se em ssion bursts selected. 7. The | aser of

GeBi ot gkl O R itsBk Corfiph SRS arh By fE aRfbiry the desired
numbeﬂbf Izisleellgbbﬁmsemmiss[brt butogelettery of the Q switch
t he er..controller c inatin

| | d h .
ok S ReSpf bRim . diftnerCamaniefie € R8s milre BRI Ryce

recefl@vg ffe a3es Dugsit amdiasaes@d:mrml@r cohtrifding! taqhaductuon of the
out put, pul ses fromone or nore of the laser lig

Q- svmmggrlww%r{hgdaggrscorgtrollprqé:qogglgatlBg the gpﬁ{q;tlons of the Q-switch
and EHE [ p@l@&@ﬁcﬁid@gdﬁlcé‘@@ Ebféc@% dsidPhihbet B?nﬂﬁﬁa‘ fo%ﬂed output

unber of node-| ocked outPut pul ses sel ected. 9.
pulseamm eneqranareL of the laser lighinpnise ﬁﬁ\ysalosn byrsts

SUQS\;IZ? %s&%ﬂﬁfalrﬁ”? OHABY éorﬁ’u'bﬁ%ﬁ@séﬁ‘% npﬁﬁ@'r 66’ 'éhﬁr}lﬁy the desired

deri rom-t aser output IS Inci
numbes of nddezlogked Qutput pulised selgatedessi ng | aser out put

deé' L f58P bk EElrlg %rtﬂPF 88'{29|"'§'"gir5 %ﬁfc%ﬂfée b s?ra&@f%ﬁ[et on which

specli men conp
a prbmsalngiiasemg)utnut defrived ﬁtemtheflaseraompm is imcidindh a

P 1GF File Baef B Geft flb Vit BTg o §Thg Marer GifthuPbfiya rom the
laseil dutplitds Hireetedoto a target $petimercoptised @i zpiongKllagdt to effect
Iow-ksia%r glccn%nt i nuous-wave type.

11. The laser of claim 1, in which a processing laser output derived from the
laser output is directed to a target specimen to form a via in it.

12. The laser of claim 1, in which the pumping light is of a continuous-wave

type.
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