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power profile can be enhanced by enploying a |aser
having two or nore subresonators that share a common
section. Background of the Invention [0002]
Di ode- punped (DP), solid-state (SS) |asers running at
hi gh pulse repetition rates are enployed widely in a
variety of applications including |aser
m cromachining. In these |asers, the pulse width is
| argely determ ned by the resonator design and
affected by | aser punping |l evel and pul se repetition
rate for a given |laser nmedium Once the resonator is
constructed, there are few practical ways for
changi ng the pulse width or tenporal power profile for
a given laser nediumat a given punping |evel and
pul se repetition rate. However, for some applications
such as processing links, particularly in stacks,
better control of the pulse width and tenporal energy
profile while maintaining other |aser pulse paraneters
is desirable. [0003] Lasers enploying a fast diode
master oscillator/fiber anplifier (MOPA)
configuration can deliver substantially square energy
profile laser pulses with an adjustable pulse wdth
of about 1 ns-1 0 ns, but current fiber anplifiers
deliver 1 WD 2006/ 062744 PCT/ US2005/ 042513 random
unpol ari zed | aser output and typically have a
di sadvant ageous wi der wavel ength spectrum out put that
I mposes practical difficulties in achieving focused
beam spot sizes that are sufficiently small to perform
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adversely affecting nearby substrates or other
materials. U S. Pat. Appl. Nos. 101921, 481 and

10/ 9 ,79 PEicrtn et al., which are assigned to the
assi M ' patent application, describe ways to
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constrarnts. | ] Laser pulses emtted by »
resohatbe deaigarand affented biidasayquenping lguel sad pulse repetition rate for a

given laser medium. Once the resonator is constructed, there are few practical ways
for changing the pulse width or temporal power profile for a given laser medium at a
given pumping level and pulse repetition rate. However, for some applications such
as processing links, particularly in stacks, better control of the pulse width and
temporal energy profile while maintaining other laser pulse parameters is desirable.
[0003] Lasers employing a fast diode master oscillator/fiber amplifier (MOPA)
configuration can deliver substantially square energy profile laser pulses with an
adjustable pulse width of about 1 ns-10 ns, but current fiber amplifiers deliver
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havi ng respectively different tenporal energy profiles
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[0006] An object of some embodiments is to provide a laser and/or method for

controlling the energy profile and/or pulse width of a laser pulse.

[0007]  One embodiment of the invention employs two or more subresonators that
share a common resonator section such that the lasing action is substantially self-
synchronized. Each subresonator has a different design configuration, such as
subresonator length, that is adapted to provide at least one different pulse energy

profile and/or pulse width characteristic. When the shared part of the resonator
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resonator while many of the adverse consequences of
| aser pulse jittering may be significantly reduced.
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mrror. [0015] FIGS. 4A-4C show power versus tine
aceprapAfying drawdpgst i ve short subresonator profil esEJI

| on sQnat or fi : d specially tailore
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each of which includes a laser medium, that share a common resonator section in

which no a laser medium is housed.

[0012] FIG. 2B is a schematic diagram of an alternative laser compased of two
subresonators, each of which includes a laser medium and an AOM, that share a
common resonator section in which no a laser medium is housed.

[0013] FIG. 3Ais a schematic diagram of a laser composed of two subresonators,
each of which includes a laser medium and an output port, that share a common

resonator section with a high reflectivity mirror.




[0017] FIGS. 6A-6C show power versus tinme graphs of
respective short subresonator profiles, |ong

WO?ﬁP{@%‘%at or profiles, and specially tailor egc,m]g{oiog/g&ﬂs
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oea§iet My AR o1 A 0 R B BB tation o
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by one or nore di odes or di ode arrays (not

subrehonatpr Mot 22 andeansatputwont 24 tbalarernositigned Alang apaptical
path 26. The long subresonator 12 includes the common resonator section 18 and a
long subresonator section 28. The short subresonator 14 can be defined by a short
subresonator mirror 34 and the output port 24 and, therefore, includes the common
resonator section 18 and a short subresonator section 36. Laser 10 may also
employ an optional loss reduction subsection 38 with a loss reduction mirror 40. The
long subresonator mirror 22, the short subresonator mirror 34, and the optional loss

reduction mirror 40 are preferably all highly reflective (HR) to the desired wavelength




t he punping source could be positioned behind one or
nore of the long resonator mrror 22, the short

Wdz%ﬁé?&%ﬁr mrror 34, or the optional |oss regeﬁ}r%g@smzsm
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about 500 kHz. [0024] I|f desirable, one or
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tripled), 266 nm (fre uency uadrupl ed), and 213 nm

emt(ordnraqu@n@wecmum;par@me erskineluge, @ér&'@mthmlted to, a laser energy

of Oalp ‘,L foﬁ“,li (?ﬁ.t\gl éf"?:a% etrmf g@;’d@d\)’m ﬁ{lﬁ.‘.{ltﬂa faﬁgysmp‘fﬁ f‘e&ealt%ﬂ%% from about
1 Hz up to about 500 kHz.

[0024] If desirable, one or more wavelength converters 52 can be positioned
along the optical path 26 outside of the common resonator section 18 to convert the
laser output 50a to harmonic laser output. Each wavelength converter 52 preferably
comprises one or more nonlinear crystals, such as KTP (potassium titanium oxide
phosphate, KTiOPQ,), BBO (beta barium borate, beta-BaB,0,), and LBO (lithium

triborate, LiB3Os), for laser wavelength conversion. Typical fundamental laser
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conmon resonator section 18 for intra-cavity frequency
conversion. [0025] Because the short subresonator 14

| ong subresonator 12 share the co
Wofzggé(?wég?or section 18, the | aser energy and%@?’ﬁ@momusm
action in both subresonators 12 and 14 is coupl ed.
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a and the short subresonator section 94a contains a

82a ppd & sharkisubresonatop Sda thatraradntegiated ¥ith 3 bgamsplitter 16 to
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persons _\ reci ate that | aser m 42
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with QERREsIBreBonatet §§ctudﬁ°@ié Hofth tRB shBFt K@ ator 84a. The laser

concentration as as their asi ng wave engths are
80a slibK3.22A isavery synﬂan tarthe lasesri® &fifiGdil nemmanysefdheifedi um

has a rod r parall el epi ped,
COFI’W@C’I%??J“DQP%@S e Slﬁ‘fﬁf ﬁgﬁ%’ﬁ@ and | aser nedi um 42b
[oozws Orb SigAifieaht differedicetil éaser BUAB &%at thO WY siisresonator section
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prefiablt TR GG SHE St SKEe PHiebwl apppediats et laser
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ferent punping coupling nethods, by different
size peomfignatioou oc depantratneentration as Iong as their lasing wavelengths are

substantially similar. In one embodiment, laser medium 42a has a rod, disk,
rectangular parallelepiped, cube, chip, slab, or other shape, and laser medium 42b
has a different one of these shapes.

[0028] In some preferred embodiments, laser media 42a and 42b are pumped
with the same pumping coupling methods, by the same pumping sources, and at the
~same pumping levels and timing schemes through the use of conventionally known
drive electronics. For some applications, such as link severing, CW pumping is

generally preferred. In other embodiments, laser media 42a and 42b are pumped
6



di fferent punping |evels and timng schenmes through
the use of conventionally known drive electronics. |

n
odi nents, for exanple, |aser nedium
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appreciate that the delay ti bet ween tFle I 0i tbatl O at
the same Heved s disindhe Sriver(SHAR %345 R GiVE" St SnPw) abY seRarate

. J, f L switch should be initiated

but %?h?&éﬁ%deﬁpgéleﬁgéﬁtg??%h%t ops in the subresonator
[003hpusiAltgrhativety, iee Qbwitchas4arandhddhicanie piiated abdiffeoant

tmel by Saparalp nitpRrtibn eives 3y RO FacCa RO Tt geabitty of
the q’rgﬂn/eorsd O thEPINLS RS8N QUtpHEBTY,0 T B&surk A0S RiseF bfergyA

a schematic diagramof a |aser 110a having a | ong )
couplingrbetwean the twd subresanatoss82l asd §4bs skilled pelsens Wil appreciate

re,int a it - Lt .
et B A G0 B Sk G BN shouls b
limité@ st that 18& |dter inftiated Qeswitcksshulildbieadnitiatedbefoteoting lasing
subresonat or section  122a to form.the.l.on

actiog\ #pes #hilecsubresenatanioysies HeaHRr ResHitelt oftaaugh te polarizer
90 is;rllnJ : Hown in'F1eDEC %' Oe}cﬁ%@iﬁ"c?@'t%trx%dt ﬁ éheszl?fore of subresonator

esonat or Séct e shor
sectionbO2baarat 84b ahd/ior iMhemhaserestadtor sSEcdrGB8BA i s very
f their

10052} E35. 38k e bete M Sl e oS Pt g
subresonator 112a and a short subresonator 114a that are integrated with a
beamsplitter 16 to employ a common resonator section 118a. The common
resonator section 118a is in optical association with a long subresonator section
122a to form the long subresonator 112a, and the common resonator section 118a is
in optical association with a short subresonator section 124a to form the short
subresonator 114a. The laser 110a of FIG. 3A is very similar to the laser 80a of FIG.

2A, so many of their corresponding components are similarly labeled. One
7




7 WO 2006/ 062744 PCT/ US2005/ 042513 si gni ficant
di fference between these lasers is that in the | aser

Wogzé&?M%ﬂg out put port 24 is replaced with a pé%g%osmzsm
e

trve mrror 116 and the |ong and short
subresonator mrrors 22 and 34 are replaced with

s:gnﬁuBQﬁttdlﬁén%che%twaé@ tesRORbErsA4 ehatninl sk 1104 thvé detput port 24
di stinct but tenporally synchronized profiles 150 and

is repered Withsa hxgh’m rafliective gnrrobmiﬁ)aﬂd tr longrandsshprt subresonator

i G148 GBS BBl P b 20 o

provﬁfécdlsmﬁtﬁ bl &smpovailly 3¢actirehizedrprofies 1186emnd MB2I{RIGR2d-7) of laser
42d and the respective out put é‘Egrts 24c

outp;?)@@g] arekH0d ¢ fesRactively. Pne ogmg,r% lgnglﬁgtalternat|2vAédapertures
48 nf%ﬁsg@é mcﬁ?ﬁd% t@%%%%&h?ﬁ)&@&ﬂbﬁﬁeﬁ rrgnd qg%ﬁ?w@én the laser

er outputs are reconbi ned, these
medjx 42¢ brd 428 @indritie Y88pedtive dudputqresisdidoeand 34d.or m a

ingle. | h
10033} of Sledhersane ML ERreCiit Mt FEGhRl s o hnghEE s fftes 150
and 132 of el %Uﬁﬁﬁ@bbbf} b BOd, Bk fdeBmIHRET eI EHARMAOTE0 and 152

section wt I'mng accuracy. The laser outputs
can Be@pnanderecsta:ofbrmawsnngleotenmﬂrelopmha‘éﬁg speaialy tai gnergy

oroESOYELIPR s GBCAGH B 4F0RS BRI iy AR SRTBIRE oy e
comﬁﬁﬁﬁr‘e@bhéﬂor héd:tidrr with big s 8mingthdcRiragt i Ted laser batguts 60c, and
puts 50c, and Sod, can be used i ndependent |

50d1p¢an/b%l 6'facteéaﬂddlewmbm%mw@yﬁ@nwﬁpe@cpmlﬂsséu% @ mirrors

f .
150 Sl S0 8 pral B b O Y8, POy
tailoﬁﬁcmlas@b Sﬁwemyveiysthehasmﬂpdtstﬁﬂw agl Sfok icanade used
indeRagaanibapPToVIge SusRECiI 1 arpd YAChRRER ke with ciffStert energy

ut 50c is

PO i gl A o B P L he
[0034}serT hedamrton.ﬁpdta 50ccant/ 60d ety alsa beqassiad thrpugbraptional

RS 5 BB Sup B P p b e o

diffetett Waveldngth coRvarsipnsh Iih bak e@@ I®uhs evawmutssw iweonverted
or nore sel ected wavel engt hs. 035 FIG 3B is

toa geﬂmﬁaharcnmgwﬁiemﬂaﬁn Iﬂﬂ%kﬁﬁf pv@ut aQd s @qr@@rtqdatp 3 fourth
harrricﬁ{l%{ wg@?@gg?{ e§8%|11 ga%ng Cgou@Ség OMAY 56 FLdn b%’?e?&ﬂbméﬁ%o

nponents are sim

providebspeziblly@agored gmlsfescca’nasdi dutputed0en such Itbateeacfhlmhise gontains
that the conmon tch 44 is renpved fromthe

MO%WR%S?'%WM%YQ%%QWFW 11 8b, and two i ndependent
[0039’15V"'Ftlﬁh§§ |§ﬁ%cﬁgﬁ1a‘ﬂlé%égﬁ'ﬁﬁho@§n Adftifd %s'eFﬂQObQﬁ’at is very

ong an short™ subresonat or sections
similantb B8¢b110@shewniivEIG. 3Ahs0 Qanyiof &mscqraasmmgmmponents

are s(lg{]eﬁ)? ??%L‘%d ?{Q%g ﬁ?é;gﬁcar“fﬁp‘?e&en% I2¥9r61 ‘F’dt{‘%' tﬁa?fﬂevcedmmon Q-
switch 44 is removed from the common resonator section 118b, and two
independent Q-switches 44a and 44b (such as AOMs) are inserted into the long and
short subresonator sections 122b and 124b, respectively. The Q-switches 44a and
44b can be initiated at the same time by a single driver (such as an RF driver, not
shown) or by separate but synchronized independent drivers.

[0036] . The Q-switches 44a and 44b can be initiated at different times by separate

independent drivers to further enhance the tailoring capability of the profile 160 of the
8



shown) or by separate but synchronized i ndependent
drivers. [0036] The Q swi tches 44a and 44b can be

init d at different times by separate
WO&P#@&%&O further enhance the tailoring Capg(gf/ﬁgﬂﬁg}{}ﬁzsm
the profile 160 of the 8 WD 2006/ 062744
puB&wm(DBUQARSDGZ busarae embddisents) tﬂuepdEIaWIer?e bétween the

b
e SPE -SYte s 4€ ad 4ABL0n e Jaes An 5 Impitee such that the
lat&rSihRidled-@OsWitcH ¢4 bé shifated Hefsre th@%su'@b@f on Qﬂo}%@ﬁ b

Qswitch can be initiated before the |asing action

su lgneépeaﬁoﬁ heugingdhe otheskasyitch sa irtherifagiiteteleseereigyaoupling

I I bet
oris b BEeoreBhS L2 AL " 057 the pul ses
[003I7]I asEhe pulsestof Faker oufiit.502068b,, T0bb, 56 Cc80c,28dd,, 50d,, 50eq,
50d2, 50el, and 50e2 ggenerl caIIy | aser out put 50? as
an% PBo: (pamenicaliylaser outpat 8Qkas PERWdEcbp 3aY ﬁémesemrep ary

emBB@frﬁérﬂQ'aYe g?éf@FébW'd*? ct@dk?) ? %e%%g%é%ﬁ%@t&ﬁ?ﬁ{ spective

respective 'targ etst

targﬂ:ts |tlnzatcmay| glssybze muveiﬂi’uy dnmge'qm:ammmyg sgstetre mhassbeam delivery
con ent i onal

systORBAE LTS atied of SRRl worpenliens! dRiceLrPdikts, such as a
beérﬁ“ebk%bﬁ@el‘ PMFrofs d%oéjf&ﬁsr'h fléﬁé‘?&ﬁroiﬂ% asf'oéﬁsed: Qﬁot size. For

processi ng, ocused | aser spot dianeter

hnkt grpceasmg thetfncusqdiesem digmetesisskypicallp withirotre qanmge of

ferably. 40% t o, 1000061 ar t han
et Yt} % B 0 B0 S HAEk I SRR AR B g8 tnan e
widkh okthel lirk) depésding ionkthBaihR Widdh, Kl pRéHSize, linkiaterial and other
structure and process consi derations. For other |aser

“"kaiif&‘lqt‘érﬁtﬁ%gfocﬁﬁ% CP'&%’@?'%'QB? For ptheg dases@palifatiansdthe laser spot
snz% EQH‘b@ Jo%%t&& '?rto'ﬁ? a \{va}emh%ro‘?% rtnR:rS’n c?%’ fs%\ggg@?peﬁ%@% to suit

i'on” requirenen
themp@lleaﬁmdrdmammﬁs very and positioning syst emis

bed | U S 532, 4
1008557 haderasfe e%%bdﬂé&ﬁawmmlfwa Sviteg & fﬁrﬁcrféea in detail in
U.S-raisRNGeAEB2 BfOQrbf 'd\’e‘?gf(ﬂ@ R hﬁtﬁ&?‘ bhd APHER atus for P ?ltlonlng a

positioning systemnmay alternative or ad I'tiona
Foasispd 3earh eniampintegratacd Sircuit. b8ach postuomlogesrystemsrmy aitm“natnvely
or é‘dzgj{t%n%!;y e%%g{%bh%ng?%&%q\g%qrée%ﬁpgsmgagrs ck@cnbed in U.S. Pat.
No. 65 $36,5884f utldnetal, 181S. iﬂat N@nslhao 48582 BﬂCutlélO U S Pat. No.

706 999 of Barrett et are assig
6 81%895@ Lty efrals, mnd/osad. SnPabm!p @6@6 809 O®B|aér|ett et al,, which are

ass?n’é@qf) '?ﬁé‘és&ﬁﬁ&@ T thik ?ﬁfqnt %@?héét%‘? rofepAxed. %?H‘%ﬁféﬁ‘s, fast
S gal vanometer-, piezoel eCtric-, or Vol ce corf-
positioner-bebd dysiemosusch as ghlivanametert qriezisélgetric-, or voice coil-
0 SRR e o s
em;ﬁb?éd TrPtheSS'TSCWb'SbOCor' g@b@%ﬁ@ﬁseﬁé&maﬁﬁé‘dur@& by Electro

Portl and, Oregon could al so be e
Scientific Industries, Inc. (ESI) of Portland, Oregon cou!d also be employed.
[0039] Because the whole duration of each lasing pulse is shorter than 1,000 ns,
(typically shorter than 300-500 ns), a typical link processing positioning system may
move a laser spot position less than about 0.1 ym (a distance that is shorter than the
link width) within such 1,000 ns period. So, the laser system can process links on-
the-ﬂy,'i.e. the positioning system does not have to stop moving when the laser

system fires a lasing pulse. In some embodiments, the laser spot of the long and
9
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of thE st Piymen 6%%‘15’[%0'5%?0“05%6 BithéMPaH Regglserwicth o the

| r
sk gSpe MAROIS ! T S B S b S i cor
be rr@@paed@aﬂn &Bledepeam ﬁwm thie lehgthk en gittier ct‘@facttbﬂstlcs of the short
subrﬁ%@&t #eCZIO\Mg 30y lng’s lfpggé%tégéécguggg gés aé}l ggsonator
sectlﬁhe 1 Bafahl eibelectedlin %&o@éra‘hbﬁizﬂtt%‘thé?la%@?‘b@ﬁrﬁ?ﬂg% %cﬁéchieve

be |ndeFendentIy sel ected, and then't
the d@ls'r%? RElsegiatiieafdaseriouiruts50 he short  subresonat or

0043 T SRS A TSI A TR
relatmeltytcom;ﬂex Hesevepdonaefvendater %élh ifgoter with e %@ﬁburﬁﬁmg

ofile of |ase ut put s 0041]
ener >é|t§"r‘ Phlse Hﬁb allyed t Hpan ev@er o "rgrad trips” the

photdnd make betwéén e re%@hé@%ﬁh%ﬁmhﬁﬁ%m%ﬂ&pér%d %Thus, for

'%l ven | aser gain factor wth
a parfigidaplasseoperated Lsdefrsimilar pgramegtersieating pagivém i ser rEtium

42, a el QUG ), 0B bR ARl SBe b it s
genefauy directly proportional to the cavity length. So, generally, the shorter the
cavity, the shorter the pulse width; and the longer the cavity, the longer the puise
width. In a link processing example, a typical Nd:YAG laser with a resonator of 8-10
cm long that is pumped by a 3 W diode has a pulse width of about 10 ns at 20 kHz.
So, by keeping the other parameters generally the same and selectively shortening
the resonator, one can obtain a 5 ns pulse width, or by selectively lengthening the

resonator, one can obtain a 20 ns pulse width, for example. In addition, the rise time
- 10
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e S T
on tgﬁgrﬁgf@%é B8P a Workpigcd NARBATRAIGER, e é6mponrerteaf eadh subresonator
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exalgb%,] lg%% Ergfﬁ%t?c?r{éalrl}ée i érrgﬁf.) The frgﬁgﬁjsrﬁe@&ul% %ﬁ&u@g copplers can
alsoBERANStANS iRt fe pelve durational Withgraaten rtasimissivityalesreasing

certain propagation characteristics f[om,t e two
the pulsg svidiboand leseenirnIRisSVE, ncreasing PYIseWidihr so t hat
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so that certain propagatjon characteri.stics
severpdiinis 6an dpes chaviRenaLink pRcest g iRyt Soe sl ffousnput
. PO ¢ _ by
e AR5 Yl s otk auingrmongy cpmtcrine:
chatacteristics ©ir other laserprasésaing operaionse wi dth. and | esser

ool At AL G4 e OBl Bl o
resﬁé‘tﬁ%‘ Sfitdl SAbEtRAbrdsenatcr plefies Bodnuoay subfdsanatar profiles 152,
w der processug& w ndow and a _superior quali t%

f
andsseenpary seicially Raored osoliend 60a1 Snar SUBRRSEIANRTfgs 150 and
i t hout TN e
long SerB4BE bt D22 Y (HPaPine sPRe MGG bodi rebresent what

eacRaUblésdntsr woull providetdepentiently fmobtbepleti abetrsuch short
processi ng operation

sublasomRIRTAroBPS. 1591280 1270 SHOPSPBRT Frefiesd o2 wRuIgr Ll oxis
sepgiately in many of the exemplary embodiments, such as those presented in
FIGS. 1, 2A, and 2B.

[0045] With reference to FIG. 4A, for some embodiments, short subresonator
sections 36 are adapted to provide short subresonator profiles 150 with a short pulse
width of an exemplary 2 ns-15 ns and a rise time of less than about 8 ns and
preferably less than about 5 ns. Skilled persons will appreciate that a variety of

subranges or alternative ranges for the pulse width and rise time of such short
11




respective virtual short subresonator profiles 150 and
| ong subresonator profiles 152, and exenplary
ecially tailored profiles 160a. Short subre on
WO&BQ?WV@% 150 and | ong subresonator profil est 3@8{4042513
virtual in the sense that they could represent what
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150 gug AB2orsiliad mrépns x4l agpregfate. V&fethagﬂ”%e"'@%@wr’ﬁle& 150
and ﬂ§§ eﬂf‘ﬁét\’tfes gﬁ%dcﬂr eagﬁd h lHtﬁé‘r %ﬂo?§ ol’-ﬁ\é‘ﬁrtﬁgl profiles

er t
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charghiepizsd b iningra Sharidieg e Bl infe e bR o A matvel,
pOW?le%llOY%j‘l 6(?] E4n bB%h‘élédtéﬁiecﬁé‘@ hhvify Bve Httadhed spikelsiwies
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ns. and 152. Skilled persons will appreciate, hovvever
at the virtual profiles 150 and, k152 na
(0048 | eysharkAise o (and fa.eoDPIRETIAVGHRL REAIIS S lforded by

e 31458 ok SR e B ey romple o
| passimtlwvorrrghar laerst overlying semicanductor megncmrllmlsswrdtWen initiates
remélle}l %5‘ gle llﬁ/k‘ssl Xs well in some embodiments. The longer pulse width and lower
peak power that are contributed from the long subresonators 12 help to complete link
removal without compromising the integrity of the underlying or neighboring
substrate.

[0049] FIGS. 5A-5C (collectively, FIG. 5) show power versus time graphs of
respective virtual short subresonator profiles 150 and long subresonator profiles 152
and exemplary specially tailored profiles 160b when an exemplary time delay Tds is

employed.
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power profile 160a can be characterized as having two
attached spi kes with separated peaks. The peaks are
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subresonatat pafilest 152:8ndhgxempiany speciey tailpsed p@{@q i when an

exeréﬁlgbgf ﬂtoras%;{'lv ?_péeprléfedol h?%&eﬁﬁﬁé‘? %odlinent shown in

FIG. %J@-@menu% iff thé PngadIesbrutdM82isstperediafteria IbngeieTay time
hat is shortly after Qswitch 44b is o en din

Tdz t';hiat) ends just betare dhe [Bsing actipnostops in e rp§ontor §4 to

{ a
o ] G T i 98D corsans
powOtpfilerdf 4 simgle tewipnral pdlSe ofkaser sutpsis 80. a@kmdnecussled above, the
vi rt ual f)r ofil es_ 150 and 152

virtuakprofiss,50eRd 152 B12%R" BN Eot BElanERY 3 tiaMge. ?rh%%eﬁﬂﬁ”"am“s
f 160b. 0051

o B USSR ARGy g sepco0h (051

[0052% s pdtGiSy e'!ApZﬂxécolleetlwy, FIG.i/ sownpevertversup e graphs of

b
ook LB EHRE o Pha et oo on0
sped@')} t‘éﬂ@n‘édﬁlﬁrgfﬂgbQ?gaggﬁerlv\ﬁﬁ{eﬁgm&?m time dm¥¥b fseemploye
In themnmplary gmbpdigentsBavndn FiGa7 i 4\ b}y/ghg:% sho subresonator
84 :es ﬁ;gc%ﬁezcﬁa@éro.ﬁgﬁ/ﬁﬁgﬁ Wi ee{rﬁﬂt hickfiatd de‘?é&gtlrﬂélﬁ% ﬁ\bf@ubﬁgﬁtlally

aS|ng acti‘on stops in
centshpihe spitts ebprofile 150 abowt the spike of profile 152 to produce the specially

tailored profiles 160b. Each power profile 160d represents the power profileofa
single temporal pulse of laser output 50. As discussed above, the virtual profiles
150 and 152 may or may not be entirely additive, or other derivations of them may
produce variations of power profile 160d.

[0053]  With respect to lasers 10, 80a, and 80b, the laser profiles 160 of the
pulses emitted at the respective output ports are generally inseparable into their
virtual profiles 150 and 152 from the conjoined subresonators (unless polarization

elements are employed). Skilled persons will appreciate, however, that the short
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produce the specially tailored profiles 160c. Each
power profile 160c represents the power profile of a

Woélg@g)ggméerrporal pul se of |aser output 50. f%ﬁ%ﬁé&%”

virtual profiles 150 and 152 ma
not be entirely additive, or other derivations

subr%%?ZWo%%WaH&fﬁﬁbhg%%b?ésdh@Wpr@f ki1 étﬁérg-e from

A-7C (col l ective 7) show power

sepavatesneput wmt@irmmﬁasem 10@@61:11&12938%6#'@ subsaquEnNferombined

o B Bb i e 1 RSl S Tod Vi e

stabihﬁ/%d @l@ed@l elgbhsistessp! oyed. In the exerrpl ary
nbod |tr)rent st%lv\km in FIGﬁW; AOM

[0054]1br é\étemttye sroRodimepiscpLasaR IO 434D RRTTI 4 variety of
umqm&%%ﬁg Lﬁg) SQISL’%S 6ﬂﬁe}9§hl&§§§03W%hé@rh@éd%ent trf1e short

Sprke of pro about the spik
su bréséﬁatblepﬂziﬁlbst t5(pacharendricallypeniveaited to aniultsadolet wavelength

v oo 5Bt ol v
wavtﬁl%&tﬁttaﬁg\g% nﬁbﬁék‘%@ thaRPRVE shdi fiskitiniél Rl thergV ianesa long

y or may not "be entirely additive, or
pulsewmth id¢he gmerunaveiéngmemngay In prethes emhadinent e short

oA 08 R Ry ERE YRR an

the 18R téshatdr prbﬁiegama@tﬂaw abu 1064 mﬁlfltm?dainentQEWavellehgth to
I nSeparable into their virtual gr ofiles 150 and 152

provideoprofiles Edhhavinga shosrisedimme @ 350 i 8¢ along Aulse Wit at

1 061§B§}nqﬂty}tt ghsws%m%\lr;gér'o%%\ﬁnflé' Lhﬁ g#?ﬂ{r&%gﬁ%a%/g\é len t%\ gth is
emplBQ}Eﬂ USPPORUdRABRG IubrdvoratoTairofiles |16Q|areishar5®mcallytdwbled (660

b f
nm) @utrpﬂﬁ%J ﬁ{fﬁ}s lgrrr]}? 5,5812“1 Fégcgl}elggriarégﬁeg o&ﬁ? la§%p C?thut pulses

hav;ﬁggss%%ﬁer@é t%fmé?ihav rE%dor SI?e R IRt b{iG'aQOHﬁ'pW‘% Width at a

ser out pu les 16 rofile
1. 3231mmawetgnmd Tpanmaaltmplusw mwsarmftyubrpsgaanpr profiles 150

ter enbodi nents of |
can o 5pi o 051 SLRRIE G Mo PR et etin il ity fupar o
the lﬁfk%huleeﬁlrﬁﬁl@zlné Bré!@ﬁsn@@’@ﬁdlrémmn tihe egtent br formation of cracking.
subresonator profiles 150 are harrmnl cal |l y conyerted

Then,dhatargetspel sgeatsibleas | Bigpe supmpngm profdes éﬁg remove the rest

or R EAEAB 77 B 5 ATB R e nery

or pé’al@b@hér MaﬁﬁeﬁUU@d Inskbhdamglertd the Blrl]mgn op uttm smbdtratel n
n_anot her e

[0058ihor SAHeTANES6 3 SPIKS LG 3801 SEHRAIOT RIDRER 1o §aid b8 Tetayed
o oS UEHIAhE o BaraPARE S g o subeninatr pofes 152
Suclwdeﬁyed gipikesanight beudseﬂﬂ farfmaekiningdthreugmburieds pasaivation
layers ?or examplgt V'ssugle or I?{nspul?es S8ia aﬂernatwe@ttpe fMtroduced to occur
anywhere along the pulse width of a UV long subresonator profile 152 as desired for
other applications. '

[0056] The ability to specially tailor pulses to different profile portions at different
wavelengths adds extra versatility. The mixing of conventional IR laser wavelengths
and their harmonics for link blowing and other applications permits use of a smaller
laser beam spot size for processing some layers of target and less problematic

wavelengths for other layers of the target. New material or dimensions can be
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1064 rim In yet another enbodinent, a 1.32 pm
fundanental wavel ength is enployed to produce |ong

S esonator profiles 152 and harnonically ‘%’
WO("E‘%@éﬁﬁj or tripled (440 nn short resonatg]? g;%l()?/(ggsm
150 to provide | aser output pulses having a short

emblb?éd ‘b'eHEuﬁé the ﬂ%fifé' ShdPGur2tibR opfach %Uﬂff{g Sﬁ%ntabé fmgred and

se wd 32 pm wavel engt h
r edgmg thegisk ofﬂa&agﬁﬁmﬂh&rundanlbmmm@anm@f passivatiol structure.

too§7L. " Babidte 1aydRnihs Pl sBOrirnan o3l OBl canibaemployed

to produide eritieal §p5(ﬁts¢ze SiaARt@RbMEest thaRthidue 163<ﬁﬁmné3&enter- to-center
formation of cracking. Then, the |large spot siz
pitchibgtween e links wﬁgemwermmeooumﬁmm uesaumanmuy smaller

tharﬁﬂ’?eﬁ betleeh ik 'b nB? téo?{\'r'sﬁ ;o%q]lsg)ig?%”g:‘\%?rtbgpm-sevenng

conventional Vi si
pulgee dkherefere, the ﬁrbcéssﬁhgiaﬁnaﬂr@keloéndi dBR&E links (cBAISH Faciitated,

0 r trate. 0055 Al ternatively, the spi ke of
’95‘%&9 &i}aﬁt{ ﬁ'@i‘dﬁﬁ%ﬁ ehﬂpequmﬁmdhq ligks treba peaitioned closer

togeREN andGREWR the pul se width of the |ong
gsu resogatorgig? C?Jcﬁﬁdéh Such del ayed spi kes m ght

[0058] us@ﬂularryothenmsatﬂftmgf béﬂerugﬁomwﬂwedamly@power profile 160
i kes could

IR
offets¥eiek ity aCemaalEe SiBreptan o saHelaled Bagsivation
charzleteriBtts e For @ké‘mﬁfe %hé%!a&éﬂi&no?“ z&%‘%{tﬁ@ 6cjr W'tﬁe ﬁﬁl@s can be

as desired for other l[icatio
madegvih, Baterialother than the, trgdélonel miatdrialisot cam bé mhcmdlfed if desxred

t f wavel engt hs adds extra
to b<98mér%‘ n?ty&%l ﬁ%@“r ng of conventional IR |aser
[0059:11veITd’thMEﬂyur@pbﬁWtbnhéVéﬁ?ﬁa? m’l@de bmrborWé?Woﬂas passivation

catl ons pern1ts use of a sm | aser

|
at%fl?gﬁﬁggggséi*@enmx'% 62Es)isiigossnenitage (SIQH), and géicon nitride

d t IS, 0
(SR TSRO ol AT 8] Bl L LAUEH G matori
as ozdtﬂfemzamswaﬁﬁm ngRena(<) 42 dverying %dnvbﬁ@r@lé;@rt Neparticular,
file and,d ratlon of | aser output 50 can

the Ynfeyiying passiyatipB daatdn thrtargetstaictyresdnay be fomeed from fragile
matéﬁmﬂ@ ﬁrhdu@iﬁgcﬁut Ast %Ré’(ﬂ k) Qné‘léﬁél]s"t%ﬁg?? érr?}i'rﬁ Mkr aterials, low K

Because wavel engt

[ 0057]
dielectripomptariais low Keaxiteypaged wielectoid Menaist octhbsubq:me gmsaes

(OS @R AEbRisicals, EpSes, PlaTRl e nsRER: £ Floctidertaagiiate-based
oxtder\(TEOBasa’éfedoamM n@hmmmy@,ﬁhébm&t@qwﬁ@wdr&ﬁyxere glycol

bet ween |inks blown by a conventiona

mon%’?’ﬁgwﬁe eﬁ'ﬁna&@@te bReMEAN stlicale egierss bydmgenetilsesquioxane

(1S R SR PN EIOT A oAb uione (o)

SICQi-éeoBlﬁ)Obhderpadrﬁ!m (sngh BeBlackKSiatrmonde spleistyt Appl@éﬂ Materials,
increasing circuit densit

| t
Inc.). QS oy ?9#5\5} K Gt eymer SHCY ap R ILKT Solsi BY%PPwg
Cherhieal Coapanp)| $Ke DAYEHYIRG %kéﬁaﬂtﬁ@layers made from some of these

materials are more prone to crack when their targeted links are blown or ablated by
conventionally shaped laser pulse link-removal operations. Skilled persons will
appreciate that SiO,, SiON, Si3N,, low K materials, low K dielectric materials, low K
oxide-based dielectric materials, OSGs, fluorosilicate glasses, organosilicate
_glasses, HSQ, MSQ, BCB, SiLK™, and Black Diamond™ are actual layer materials,

and TEOS, MTEOS, and polyarylene ethers are semiconductor condensate
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offers better flexibility in accommpdating different

or. more conplicated passivation characteristics. For
WO%&EBE‘% the passivation |ayers above or bel 05/042513

I'Tnks can be nmade with material other than ?#1\%/{}% f

traditional materials or can be nodified, if desired

precursoe matesalst Evenahoygh sainelufitigd hewb P8Py passivation layers
rlyin assivation |ayer may include an
could R 8RS GRaPtE s amYeniaNaliasen praressing Andor somecasithe

unclen L ride 11 Con.

o adsaan gy cBAM 18 it ebiB e st 1§ cohigffionat
laserypoessing dhe tenhniguas deddribed mereinicdien greater verddtitityewhen

I i on terd al (s) fromoverlying passivation

deqﬂggg‘f'%q%ﬁgrﬁé’?’% Squgﬁr](t F)r?ﬂ%’%ﬁﬁderl yi ng passivation
[006@ e Itiwill b @bURILERD théSBAUAG SKATRY tHREar H A6 B{ Rfhnges may be

fragile mterials, including but not I|mteg 0,
magg isihelelaiisefitbg abouﬁwdwib:egrar@ddﬁ'nemtslvdmdﬂt departing from the
ST DI Thien ol e GRS Sl shou
therefarer bs determireedibrly ythe d6IWIAG icldimat € gl asses, a

tetraethylorthosilicate-based oxide (TECS-based

oxi de), nethyltriethoxyorthosilicate (MIEOS),

propyl ene glycol nononethyl ether acetate (PGVEA),

silicate esters, hydrogen sil sesqui oxane (HSQ,

nmet hyl sil sesqui oxane (Ms5Q, polyaryl ene ethers,

benzocycl obutene (BCB), SiCOH or SiCOHderived film

(such as "Black D anond"” sold by Applied Mterial s,

Inc.), or spin on-based |ow K dielectric polynmer (such

as "SILK" sold by Dow Chem cal Conpany). The

under | yi ng passivation | ayers made from sone of these

materials are nore prone to crack when their targeted

l'inks are blown or ablated by conventionally shaped

| aser pul se link-renoval operations. Skilled persons

will appreciate that Si 02, SION, Si3N4, |ow K

materials, low K dielectric materials, |low K

oxi de-based dielectric materials, OSGs, fluorosilicate

gl asses, organosilicate glasses, HSQ WMsSQ BCB,

Si LKTM and Bl ack D anondTM are actual |ayer

materials, and TEGS, MIECS, and pol yaryl ene ethers

are sem conduct or condensate 15 WD 2006/ 062744

PCT/ US2005/ 042513 precursor materials. Even though

some of the newer overlying passivation layers could

be | ess receptive to conventional |aser processing

and/ or sonme of the wunderlying passivation |ayers

could be nore sensitive-wth respect to conventi onal

| aser processing, the techni ques described herein

often greater versatility when dealing with [ayers

with different properties. [0060] It will be obvious

to those having skill in the art that many changes may

be nmade to the details of the above-descri bed

enbodi nents w thout departing fromthe
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underlying principles of the invention. The scope of
the present invention should, therefore, be
deternmined only by the following clainms. 16 dainms 1.
A nmethod for controlling the tenporal energy profile
characteristics of |aser output pulses, conprising:
Claimenpl oying a first subresonator with a first

subresonator length that inparts a rise tine
characteristic to a first subresonator pulse profile

i ’ﬁ r esﬁl‘-’ﬂ‘l‘é’tﬁoﬂ"1’0!i Estrlin heQenipdirsll éHer prdff@cﬁér%%fens}]cs of

Inator havi .ng a first subresonator section wt
'aserau"PP Qt*' segERTBRM¥ad'or section Iength that contributes

t@mblt@:rfg ] $|tfst&‘slﬂlbh%‘éﬁ|@§§r%tﬂ S'i‘%tréub?é@ir%%rﬂ@n@hstﬁﬁﬂ%arts a

t d b at or
rise UM A0TSR e HisdeHOrRRNAIRY Bl4s PIoTiRing BagRbe 1o fasing puise

initiatisd bth@&'ﬂ@ﬁédﬁre%ﬁeﬁ@r ﬁé\ﬂﬁg LSirsNs USRS séé{tdnatﬁl'tﬁ‘g first
se ini {W@tl on he second subresonator having a

Subreg%ra%ﬂaS%QI §Bﬂt£tt8?t centpbyiss toitha figst subesgnator length;
QECORS sl sbRAGY Wlﬂwrﬁlée&ﬁﬁ‘f édﬂ?éé&?atbplehaﬁt that

g{esonator | ength, and the second
'mpa@%%@srma Cn%ﬁﬁﬁeﬁsﬁ‘ét%ﬁemﬂﬁ’g@br esRiratenrulse psefile in response

to Iasnﬁg Qflﬁé‘@hﬁta@ibm $RAdtond 'Qétbﬂé@di‘&t& I'Péiﬁﬂ'q)ﬁ seBsA §E|l§t*esonator
is shared by the first and second

t
sectiog dﬂﬁgg élﬁggf&ﬁ §3‘Pr@Seaaf§é S@ﬁf@rt leneth-that caniribytesipdhe sgcond

subre§dredtot agtH, 9 tREGcE66® @dbre%@hé@ﬁ%tﬁ 'bei?‘ld I%ﬁg@rr t‘%h'tﬁé first

e ex essed during a I asing pul se,
subreg&ag hsubsectl on having a length that cont ri but es

t@nb@ymgtéteomnﬁcﬁt reseRBRY SUBESEon BROIS SR bpehé ﬁﬁs‘?%ﬁd
initiating the |lasing

second BbERRO TGS 40 SAdes e Sharasterisies iraeRrod o Bersisand second
subresmlat@epmad pmmé@ﬁﬁs@bszbrd%@éé %uﬁhgfd Ib§§19~°f$lﬁ§b ttHélblo%n

br esonat ors per at durin

resongloh SibSPCaR Ty T, & TG R COMioLteR s aihithe igeksUbasgnator
|engthcaﬁdowe JHdond dtu@vesrwmatdrqcaﬁgtﬁe time characteri stl ¢
e first subresonator and the
v\t‘n@?f\ ﬂ%ﬁ %étn@r FP‘Q?‘? to exprges éhe ehapctasistise tmmned from the first
and séddﬁﬂ@ﬂﬁ@é&fatoﬂpulé’@ﬁr@fﬂé@ QGch)fha@ ki7a fivst ahH S8BbRA stibRsonators
as a short first subresonator

t
operateeciw{r]g %ﬂrﬁgsstona |§ly§v§r l3RBing times@nd e to the | aser

@Hiftiig #1He o@mixttdm%e SRGOG theS HES ﬁﬁ\%r@fa@éctaﬁ%@lrﬂ&ﬁﬂad from
i nparts a | ong pul se

e subr eso or len hat
the firg, SHPFP SO A AT D PR w?f{fn ﬁi}ﬁg@t%rbstlcnmpams frafa e second
subresw'ta&m pul se exhi b| ts a short rise time and a |ong
claiml in which the

&:L Wrﬂgth%q)f aigy ng) ?xathie, fugt sybrgsonator has a short first

subresonator length that imparts a short rise time to the laser output pulse and the
second subresonator has a long second subresonator length that imparts a long pulse
width to the laser output pulse so that the laser output pulse exhibits a short rise time
and a long pulse width.

3. The method of claim 1 in which the laser output pulse exhibits a rise time
that is shorter than 8 ns and a pulse width that is longer than 10 ns.

4. The method of claim 1 in which the laser output pulse exhibits two
separated peaks within a time period of from 15 ns to 300 ns.

5. The method of claim 1 in which a beam splitter is employed to integrate
the first and second subresonators.
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that is shorter than 8 ns and a pulse wdth that is

| onger than 10 ns. 4. The nmethod of claim1l in which

the | aser output pulse exhibits two separated peaks

within a time period of from15 ns to 300 ns. 5. The

method of claiml1 in which a beamsplitter is enployed

te i nt'E}gaf Atethod becliint 9tin aviicts @ poldtizev by @splogednts intédrate the

thod of claiml1l in which a polarizer is

flrsta%ﬁgw'gge Ryesongitate the first and second

SHDr espaiiRiifod df cld? 1R Wiich fle fdrg%nﬁhjreghé{tm Sibdelfion

comon resonator subsection 1ncludes a Qswtch. 8.
includ%a(h%sw’irfcb of claim1 in which each of the first and

e el AR PE Aim TR Wi RS ChE! tdrirer e Sefonk

subreSoHGCSdcBiBns icBRIHHRES 2QsRith; St ate | aser medium 10
The met hod of claim!| in which the compn resonator

Subs eckheomethashpf ¢lgiss 14n mhigh theresimmoniresonstor subsastion
mcludEQS sfolla}{tatgg%érer%%&ﬂ?ﬁum esonat or sections eac_h have

an outp e nethod of claim1 in which the

| fser The methdulbfscﬂaiim; 1G9 WHEH 8@ donMonesdreitensubsection
wavel engt h use of an extra-cavity wavel ength
comprisssaRigBlY, reﬂzctlvm@lrﬁ%rt awhitherfirst andrsacand shreponater sections

or subsection conprises one or nore
each end?h Egﬁverters 13. The method of claim1l in

viti. ch Theemiettidd aft élaim dfin tihicH thedasemslitpetqauise is converted to a

differeRf Wave oot ey D5s OF ehexirarqaiy WGISom €OnENgt ch | aser
pUt‘I’M%ﬂﬁ)o%ﬁclﬂ:ﬁWﬁﬁbﬁﬁ%@ﬂweacorﬁrﬁ?ﬁtr?%r%ﬂofﬁﬁt?se‘?:flon

reater than 1 kHz. 15. The method o aim1 1 n which
comprisgsemeoeitipate yavelesgty eonyenterait ed at a repetition

OkHz met hod.. o cIaiml

B o e otdlfy, T Wiken iAoyt B rSt afa 8683
subreédﬁa‘tér%dlwpﬂfﬂléshl% dubstntialyg she@Modybr esonat or pul se
profiles. 17. The nethod of claim 16 in which the tine

d‘é‘l ay Tihe raRBiadeef alaim1 Jowhigh lasesoutphpwisesate oeneratechat a
repet|tilo§\ iole Ql%gtélj}f\aﬂ ﬂg_'gel ay ends just before lasing
pul se” action

I'n the subresonator that is first
i1r5 t i dthedmeftdd dﬂ'l’ﬂalm':‘ﬂ o dhivh lakat suitput pulsbs ake beerated at a

repetltlon ratie 0 gre%(teé:r%ﬂgn %%bl{ﬁgonat or

16.  The method of claim 1 in which a time delay is introduced between
initiation of the first and second subresonator pulse profiles.

17.  The method of claim 16 in which the time delay is shorter than 300 ns.

18.  The method of claim 16 in which the time delay ends just before lasing
pulse action stops in the subresonator that is first initiated.

19.  The method of claim 1 in which the first and second subresonator
sections each include a solid-state laser medium.

20. The method of claim 19 in which the solid-state laser media of the first
and second subresonator sections comprise the same lasant material.

21.  The method of claim 19 in which the solid-state laser media of the first
and second subresonator sections comprise different lasant materials that emit at a

substantially similar wavelength.
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sections each include a solid-state | aser medi um 20.
The nmethod of claim19 in which the solid-state | aser
nmedia of the first and second subresonator sections
conprise the sane lasant material. 21. The nethod of
claim19 in which the solid-state | aser media of the

f22.st Thenthetlesd 6f2 $ bwaRbItAL Foligtdte dasereaadiaios ¢he first
different. lasant materials that emt at

subresQIIPERGtaN GPTaRTReRNC ) aie. soiig-state Taser medinc toe
secon@lsuble oty g&ﬁoﬁ%%r%ggt,\%:yg%. medi a of the first

subresonat or section conprises YVO, and the
s23.i d-Bhewmethaedef claimli18 i fvhidiethessadidrstateubsersmediaanf the first

] ' Nd: YAG. 23 The net hod of claim 19
and SFETA TSR Qo eeio0e eve AR HMS he 1115t and

SEL ONAT IR RTS8 Qhin$ 49 lih WhicH'@éeSsdhididt8ica8ter media of the first
di nrensi ons. 24. The nethod of claim 19 in which the

and segsiridgsurasendtassgctivndihavefdimeosibns dhat aradiboat thedsame.

re at oL, s i,00 ave.di,nensli ons t hat are  about
e <o Mgt EGELRRT RO SR Ir 3650 SGiari S gSeRator
sectioh$ eath @behpriee Ve @rtrhb@waeéléh?trﬁ@ﬁweﬁ@ss. each conprise
one or_nore wavel ength converters. 26. The nethod of

i m e methd efclaire 19dn mdah ﬁﬁesqli_dﬁated@wran@diagﬁéhe first
and sl ORGP ISBUR R RORKE SR AFEIER PIPer

t2e solhaemstiaddeof caien 18 indnichf tmf@!iﬂfstatbl Ia@érﬂnseiam“fdhe first
subr esonat or sections are punped at |levels that are

and seiRg SURES QAR SecHRNS Afe PHETAFELAIAPVEYP Hidhate abAULecsame.
BB Nehd mekitd bdISiFh 19'in M%ﬁaﬁmgrng,tieﬁrﬁﬁét@a §6r XU dhid-state
of the first and second subresonator sections at

laser riedlibeafdhe fitstramsl. sez@nd Bubressinatar seictiohsatrdifferent tinkesc h

[ d - th lid-state,. | di,.
ST ethe Pt 4 aam 18 iSSPt S ittt IS state
laser rhB&iassitRe fitstRind stéond RebrEohatbrafectibas Bt Aoutth¥ibate time.
the solid-state |aser nedia of the first and second

St esHrmoiasbat o 18 i horslic-salajeser madamidho fr
sbaftalaims 1 csteise
and sqERB XU ResEloriekloh® ndlb et OB T S Gt i

\@1i. ch THeemethotbof dlgisonatirwhidhigedldlidstatengdardasdia are CW
comon out put port from which the | aser output pul se

PUMPed enitted. 33. The nmethod of claim32 in whi ch the

2 S ATNTD R Ao PR SRR ket
includesd coetrnon outputipestdnarnaviich the laser output pulse is emitted.

33. The method of claim 32 in which the laser output pulse has a temporal
energy profile that is inseparable into the pulse profiles of the first and second
subresonators.

34. The method of claim 32 in which the common output port comprises an
output coupling mirror.

35. The method of claim 1 in which each of the first and second
subresonator sections has its own output port.

36. The method of claim 35 in which each of the first and second
subresonator sections includes a wavelength converter.

37.  The method of claim 35 in which the first subresonator pulse profile and

the second subresonator pUIse profile propagating from the respective output
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34. The nethod of claim32 in which the common out put

port conprises an output coupling mrror. 35. The

method of claim1 in which each of the first and

second subresonator sections has its own output port.

36. The nethod of claim35 in which each of the first
ports afttieiestoard] sexdndemdmasanatsesddtions darecbmibésedaalong a common

. vel e C rter he net hod of claim35 in
optlca\Y\Aﬁgﬁ{ ‘ﬁ@‘”f’??@? Qﬁ%roé‘%ﬁé’tulﬁe pul se profile and the
Siﬁ’ﬁondﬂ%‘me@lWéf Bk 3756 WHieH b lfitstRirRiRgiBAf I thd frdt t he

respective output 19 ports of the first and second .
subresenatessrriionranséer a sasonrd emissidn freth themegond suhrasenator section

is confied & BftelehCyAIaRhem it har e i &3 sfitrifemiBions,

combl”hbé aflcbrfgsme @pﬂ@éﬁﬁ@ﬂh&h@lﬁdé%ﬂéé@ﬁhﬁ@d/a@éle@gmond
em ssion fromthe second subresonator section

cHhverthaimethed af ¢lain Shtin waneh a figgtienigsinn o theharst

subreéér{aﬁér %é;tﬁloggeéiﬂi[?&l %% éﬁ%ﬁl\k%s\/%bﬂ}etﬁe%e%gd %nge%%hfoglsectlon

have dlfferémsp'oeﬁzenhmoté’nalcéj rst emssion fromthe first
nat or. section and/ or econd em ssion fromthe
AP ond i e ot e S20n Hhich iR rtiea P Bsbeng pgeond
aim 37 in which
subret tlé'(r:};?‘tﬂ?% ?%fﬂéso %bs%\ﬁdﬁ? gltﬁe@g}ﬁd subr esonat or

p4.ﬂ se Preomelthd ofsclemtm&?armwmcbh g tlmmdlelaamsmntmduaed b&tvecen
ay is introduced

... et hod of  cl 37

initiat G5 ph i fist i sFpsish SUpreBhBater pLisEeartfiedt ong
Mbr espHRRthd bEEalh 87 iih @hicHhe fTBﬁaﬁ@&@é&'tooéu&b@(bﬁﬁtor pulse
37 in which the first and second subresonator pulse

profilegrexpressstheir spées atiseibstastiplethessanaisiantial Iy the

ol puc " meliod 06T 32 pietElpRarobut B s bfiigpted at

repet;mreﬂiebfgfwteﬂ%hahlﬂ) kM#. The nethod of claim37 in
whi ch the | aser output _pul se has an output profile

vi4-h R srethed oflainy3¢dn whishyihe leﬁewta%ptaﬁe hrs @& qutput
proflle‘b'éith E%ﬂst BP@\\lf\fva%I@ B?h%ll’(é‘amfaﬁrlg ff IR tail

nprises a wavel en t one o 1.047, 1.054,
145364 Ther meti’d of «:iammé4 id Ghichhimert® thid donfpriseaiamwavelength of

one of ekt i d 754, OB Gk T2 REeroRsr benerating o | aser

Y. PULTHUIEE AT A18inR 1 iR SBlicPHeRd ettt pulse is employed to
sever a link on-the-fly.

47. A method for generating a laser output pulse having a laser output pulse
pulse profile that includes at least two wavelengths, comprising:

employing a common resonator subsection having a common resonator
subsection length along a common optical path;

employing a beam splitter positioned to intersect the common optical path;

employing a first subresonator section including a first subresonator path that
intersects the common optical path in proximity to the beam splitter, the first subresonator
section having a first subresonator section length, the first subresonator section and the
common resonator subsection forming a first subresonator having a first subresonator
length that includes the first subresonator section length and the common resonator

subsection length, and the first
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pul se profile that includes at |east tw wavel engths,
conprising: enploying a common resonator subsection
havi ng a conmon resonator subsection |length along a
common optical path; enploying a beamsplitter
positioned to intersect the comon optical path;
subreemtoylangtramhpamng $sabaels tasar pulseex first 8pike chadioteristic and a first
t subresonator path that intersects the conmon

pUISGC‘%ﬁ?‘c%ha rAUEHSYG proximity to the beamsplitter, the
fér‘hﬁtoyﬁ#gbé 866 9ubre§8ﬁéﬂo?§e@l??:d ?lu'i‘hrfd 4$kcond subresonator

subresonator section |engt I rst® subresonat or

path thatinterseeta the hemngmoptical petknm:t proximitystedhe baarmsphtheg, the
rst subresonat or

h h
secorf} & breSH GRS ERE haVi & SeBond SibredpnaBE SPaieT lengih he'
secon@nslibr 8SorkAGMEULLHA SMAth8 confHBA #6édridtol &gebtiomfsiniilg a second
first 20 subresonator length inparting to each | aser

subregenafer Baying &t sesond subresoneteriesgindhahiackides the segande
subre%r‘fj%tgr §g&fo"?\%§éﬂ13§r{octheemdﬁ%hr}gs&wa?tgltc %li%jse%g?ﬁ ?{%Sr]‘gj;l"i‘ttﬂé second

i nclu a Secon ubreson

subresoniatoseagth Mrmrﬂn@grtmeaaptase&bu@tdlsetfbrw spikercharatcteristie and a
second subresonat or section havi ng

beam spl jtt t he
secong il Wil chptasieristisr aBdhe spcqncheiesenaior leagihpeing longer
than tﬁghfﬁ%@,ﬁﬁg aﬁﬁqég&n and the conmmon resonat or

subsecti on orm ng a second subresonator having a
s@vplmdlngﬁrs‘eamm aecond soligk-statehkaiser meldialpssitidveeds m:thadespective

fi esopat,or se |onlen%handth conmon.re e%

rst add] B ST SitTeafiAth SPrioTadbn rebendn FseL AUTIng it atem one or

more I2¥BAplnphd Sofasd) thé$|9§t el %@dﬂﬁé@ﬁﬂeélﬁ'dﬁng adapted to
characteristic and second pul se wi d

facilitade dasirg eefien aka ftmdﬁmemabwamiangt@bm@emaﬁm commarhresonator

secto} P8 1 BAFG ad bR Tn R s busRbRE6F 08 Flgb§iian in tre
seconﬂ%‘ilbi’esmmbﬁ suchithat weest ande seddridséulResori6@ sperate during at
subresonat or sections for receiving |aser punp

least 3 pgrly queraPBing tishe tpause a@@agpmioﬁg lmm thtag@xhlblts at
least tbb rfﬁ%t s?]%eéiﬁa%ngﬁé palt&d fto g%g%[bg Shdflor and rhe second

["asi ng ac I'on at a mavelen
pulse V\Amtthe:haradtenstmmarhedsfmﬁm sescmd sum'ebométert he | asi ng

action he fjrst bre tor wwth the
a‘-’c’PP'BM'Wgrf'" %Wgouj@é’i Bﬂﬁtq@ﬂa? gF%§HPr9§98ﬁtqr ﬁ&f’t'% gn?’ g sgcond
outputsh FBAPIHE B8 SRBALINBtARYICALS t& §bﬁt'&cﬂtlasére§l§§e fhto to first
partly overlapping tine to cause propagation of
laser output thptipeapagatas tgmugfﬂ the first omhtpaéport hed fsecsmd Jasek eutput that

oropa8 53k bR L AR sl bt B RBRNGIpe e

spike Ah@ pulseaniget etiutasidhicBsH AR e s@m{opmsagompht &HibRHGRHE
port fromthe first subresonator section and a second

secon@&pﬂm angbpecandopyise widtbchasagarstiosonat or section to
PhbibydH ilsERaleRMGEEcANeRter pokitoRibd along a first beam path from

the first output port to convert the first laser output to a first wavelength and/or
employing a second wavelength converter positioned along a second beam path from
the second output port to convert the second laser output to a second wavelength;
and

combining the first laser output with the second laser output to provide a laser
output pulse having at least first spike characteristics at the fundamental or first
wavelength and having at least second pulse width characteristics at the
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| aser output that propagates through the first output

port and second | aser output that propagates through

the second output port, the first |aser output

exhibiting the first spike and pulse width

characteristics and the second | aser output exhibiting
fundaﬁ'{%ﬂtal?t?%rgeg?cf Wa@gleﬁgﬁn SF4P ngﬁ]\%t F’HJ ) e%ﬁi@ £ H”'tsﬁ exhibits at least
two distimctevavetengdss.t i oned aI ong a first beam path from the

fid st I fir

aj'% C s'? %\Aeg\ljé? ?(% {%nttr;ﬁrl]l @1%”%8 tbm n%ﬁ?al ene?gi)/ éf?ﬁ’?er %ﬁ’dﬁ)P Uuls& Width
charaeteatisiicsnoftanlasenouipué pulses comprisidgal ong a second beam

p&hglo&fq%@ lestP §upfe%9>ﬂ?to‘?%iﬂ\ué fi%g rdtesfgﬂ f‘ég@‘ﬁ &ﬁattirtﬁgarts a first
output tTo a second Wavel ength; ~an

energy prdfile lang/otrlwlée wisith characteristipde each tasdnguises treifilshser

subro@HARY bR I 14 Egupput Ut Pul Se having af

I'rs ar ac erlstlcs at the fundament al
oq_smpioymg a aamcbs:g@rbsamtohwmgsmoﬂdmgrsmm tpal igwarts a
. (o) .
socor Pt RS0 Rufe ] Q5P ICTOBaN lecdl pREECE o
subrespndtemistiudinga gesomnd lasemmaeilwngﬁeﬁlrsﬂmd secmtchdesifiofeatures

xmparﬁr@?ﬁ%% t%a‘%@eﬁ& %%? ﬁﬂf:sr[eg%fﬂs%fr olufRLﬂ'nd/ or pul se

ar ac erls
camplolyigray commﬂmlsasngamrfsubsectmtma mrshaned ttwtﬂhe first and

seconﬁ'sru?ﬁ?s%‘?%‘t%% 6&3 %@hpbqaglngt%c'tlﬂﬁ if al*?(et @'rsl éfn&tsei:@&gg%resonators |

such thakibe fivsl s sedmd‘ $utyesoratbrsespetateoduing dli¢asiga partiyr st

overlabgéﬁrtig{gs% %Hst ﬁﬂB'o‘Hﬁé‘ﬁ sF sH612BH t%‘:‘,%%ss%%hgrsuwréé&nﬁtor, or
con deSI eatu %a? |npar?s a Ssecona energy

the coprodin Isebeas@natormbu@w wictitding hR-swiitehj and ¢ t o each

ld’:}l%%ﬁ ‘élt%uetardrmglééérséﬂgﬁfﬁ’&@?ﬂan dﬁrlaéélﬁ gbf“éheargy profile -

econ ["aser secon
and/off palse médth dhwterm@soﬂérfvedémm theaficst vadisecood energmoflle

and/opb’lg§§§vu§’cf1 dffc\h&%teﬁé’t Qut; enploying a conmon resonat or

shared by the first and second
Ahr estheamethind of dainpke in adichya heairosplitter ishemplayed taintegrate
thefir§t aials Q’&?&r‘%rt such that the first and second
resonators pera & duri ng at least a partly
cﬁﬂer | éﬁ@memoﬁbg)f clainm 48sn wiwich ibe firdlesuliresanator has a length that

is shoﬁé‘ {h%ﬁQHQts%Eon(ﬁ Qﬁbl%esﬁﬂgfﬁr%gbﬁ ?r?eﬁr{%é Bst s%hreédﬁgt&qmﬁs a

resonat or
short raﬁm@edgﬁgo the aulsas gétaser putpait aodttlp@sepmcteutbr@son@tor lmparts a
o LRSS RIS 680, DI 2 et gl Buges oxvia
short réam gsigpra@ﬂua longgndgewidil se wi dth characteri stics.

g ) éi"ﬁ"l g of leilrﬁ‘h@lﬁl Fhich B! SinRoR ¢85 Rb! Lit¥ectisn
o ed to

I nt eg
mcludes the Q-switch.

52.  The method of claim 48 in which the common resonator subsection
provides a common output port for the laser output pulses.

53. The method of claim 48 in which the common resonator subsection
includes a solid-state laser medium.

54.  The method of claim 48 in which the first and second subresonators
each include a solid-state laser medium and a Q-switch.

55.  The method of claim 48 in which the pulses of laser output are converted
to a different wavelength by use of an extra-cavity wavelength converter.
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the first and second subresonators. 50. The nethod of
claim48 in which the first subresonator has a | ength
that 1is shorter than the second subresonator such
that the first subresonator inparts a short rising
edge to the pul ses of | aser output and the second

o] o Bindd B 36 in RRREE D Eh feddheidtsbeetton
comprisesi dhighly refiactive mirsomandetheefiranandsécomy! subresondtdtsheach have
an OUt?’éEB%‘Ee net hod of claim48 in which the comopn

tor subsection includes the Qswitch. 52. The
riet. ho dl' hef metraidhofddaimm 484 eihidchhthednstramd sesomddaser media

compriefRa s fian R AHERA SFORREHRRREL of °ci ai m a8 i

whi ch the common resonat or subsection includes a
solid-state | aser nmedium 54. The nethod of claim 48
in which the first and second subresonators each
include a solid-state |aser nediumand a Qsw tch. 55.
The nmethod of claim48 in which the pul ses of |aser
out put are converted to a different wavel ength by use
of an extra-cavity wavel ength converter. 22 56. The
nmet hod of claim48 in which the common resonator
subsection conprises a highly reflective mrror and
the first and second subresonators each have an

out put port. 57. The nethod of claim48 in which the
first and second |aser nedia conprise |asants that
have different characteristics. 23
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