METHODS AND SYSTEMS FOR SYNCHRONI ZED PULSE SHAPE
TAI LORI NG Technical Field [0001] Controlling |aser
we@poseemdt h and/ or power profile can be enhaneedubk3n0s/042513
enpl oying a | aser having two or nore subresonators
that share a conmon section. Background of the
I nvention [0002] D ode-punped (DP), solid-state (SS)
| asers running at high pulse repetition rates are
enpl oyed widely in a variety of applications including
| aser m cromachining. In these |asers, the pulse wdth
is largely determ ned by the resonator design and
affected by | aser punping |level and pul se repetition
rate for a given |laser nedium Once the resonator is
constructed, there are few practical ways for changi ng
the pulse width or tenporal power profile for a given
| aser medi um at a gi ven punpi ng | evel and pul se
repetition rate. However, for some applications such
as processing |links, particularly in stacks, better
control of the pulse wdth and tenporal energy profile
whi | e nmai ntai ning other | aser pul se paranmeters is
desi rable. [0003] Lasers enploying a fast di ode master
oscillator/fiber anplifier (MOPA) configuration can
deliver substantially square energy profile | aser
pul ses with an adjustable pulse width of about 1 ns-10
ns, but current fiber anplifiers deliverrandom
unpol ari zed | aser output and typically have a
di sadvant ageous w der wavel ength spectrum out put that
i nposes practical difficulties in achieving focused
beam spot sizes that are sufficiently small to perform
the desired m cronmachi ni ng operations mﬁthout
adversely affectin nearb substrates or ot
MEHODS AND@@TE&?S FApS. N@éRQw.ZE@lPU&% §hld\Pﬁ)7§tL10R'NG
, 765 of Sun et al., which are assigned to the assignee
of this patent application, describe ways to obtain
MOPA ulﬁes Lth, energy profiles that are specially
tailo 1S cul ar appl i cations. [0004]

OO@IFCt CemaBlling 15SerPulsewidtaandior povear ﬂlefllermjmtyeénhanced by
ical gates to reshape the enerqgy profile oré%n
emmpmnlg aafaseaiaavmsdwég m@kﬁmesomﬁg@ﬁaﬁhﬁﬁg haligea gRyNmon section.

devi c I rates, especially above
about% i rnhguﬁ ﬁ@ﬁ%}%hBH i Zi ng the | aser pul ses and

[000RE aclicbdmbemp@ﬁ (@) Esdlidistatec (53 dasemsasinning atdigh polse
are extrenmely difficult to achi ve und

repgtien falphpEe e{r@dpr el gty B R ite B2 it iding taser
m.dr&ﬂseﬁﬂﬁ@“ In tgé% fasehthé %G%reahi%trplé' IaRfely @etdihined by the

respect erent tenporal energy profiles and
respnlzhtse dws@nfmdeaﬁedded bmdaasempmmmg | ndauwiserepeditipa sate for a

glven Fa%gtr” ot eneér%/e &reorfelsgﬁa oris gons%rel.lc%odttnel% 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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desirable features. However, in practice, conbinations

of such independently produced pul ses suffer from
wo 2606w se jitter, which is a random fl| uct uap¢DOSID5/042513

| aser pulse initiation relative to laser pulse
that is inherent to typical

i Paniarizeddeser oftndidnd iy biave draisagvantagedes wider
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I"aser design and the 1aser lon ra
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and reproduci bl e pul se energy profiles to
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out, 40 kHz, f exanpl e.. Summary of the Inventio
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extRTARBLE LS aphigvn SNRet piisTing] CansYaImtp, mi | y
[0098] f Symiérqmlgé%demﬁ@%rb)ﬁ% ﬁ%@gé@&’énth% R tHH %&ieﬁg{e pulses

desi gn configuration, such F eSonat or
ha\tlmgjfespgcggg}mcgfaerpat Wrabemrgyememlesmdcblﬂéemm can be

tneBIEAR AP BB BlgreRi Bt RaEs Shtby proinend pulse width of

demsmwamnescmmsrhm SHEERSE, o@ﬁiﬂmaﬂ&% dfestichlih@8periftitly

ut put provi des uni que | aser output pulses that merge
proa%é)@g?ugp@fwﬁ@r faay '@ﬁelioialﬂ'%JlﬁﬁdWhldhlaacarm‘omlﬂucmatlon of laser

b
pult AR rBlathBo SO Sl BB YonkrF 53Rl BADR! i§hSient to
typlnelomrjﬂw:tainetihasm:]nm W;JHI'@GW{CQfIOﬁ@ Q?e mlseajﬂféﬁllé‘ oﬁ@ﬁ@reater than
t resonator section may have its
5”%§Eo gggeﬁ@&‘gfﬁ:ﬂ thPﬂ eé)%banﬁé’m Iaqe@ﬁg?/sgrr@pghmm rate. This

jitteP I6fRs PR [Fge ﬁﬂ%bfﬁtéfe ‘ﬁ)‘ﬂﬁ@ébrﬁﬁlﬁ%ﬂé’ﬁ With> tn‘a%b é?oﬁy racy,

generate | aser pulses having a short r|se
espegiay pinesehe; s@lt:hof ¢@obded|pulsen@reatdsirdidrterdceur bhidtervals of less

h fl
tharf QOR. "2 e oSl tEntyAti (T aiible PUSSA eReigycaaties for an
applitatioi likeoaber lTﬁl@pﬂo@é@élnﬁrcﬁﬁlde@erﬁQﬁé ACtirRinlgSHt u%@ﬁtggﬂég\?vben the two

each subresonator can t reconbi ned

- pulsegeotheiten than 1wei ITdisrayrchsenizatoraprabiem mwmnwsignificant
y..be. sihgnj_fi cant r educed.
at h%j 'Iegéﬁ '?'ﬁc tggr%%&chll%%opﬁeab&%gbg@%gﬂ foftX a(FXu?'ﬁut s can
be subumoaiard of thalinveatiemt opti onal harnoni ¢ conversion
chnj qgues before the profiles
[00(}6? Argo ject o¥ some embodiments is to provide a laser and/or method for

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

[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
2



are reconbined into a | aser output pulse, permtting

the |l aser output pulse to have a specially tailored
wopewfoci7a4 usi ng nmore than one | aser wavel engt hPCTUSZI0E@$2513

enbodi ments, such different wavel ength profiles can be

085S 4 890 3y S 40 54 DB
puigdsi thratenmp@eleaetgyf profilet éTEi/ﬁlOblhISW@tthﬂiﬁ?%tﬁﬁgtrl%sclgne%asﬂed by the

coffigTaliBis PE ks thy S A Gt JAANT RETLHCTER TR, espyRsonators
shBRS 8 N4drirRédia ﬁwhﬁe%%@ﬂ?e&m sé:éé@n dnd ?n gome embodiments,

schemati ¢ di agram of | aser conpose
eagh subsRIMmatIrsSaeiion mga)ahamms) pwnndaseraMedlumctn one ehifodiment,

oS4 9560 B S B A B e gt fser

ulses HaiEs 8RakHATse tifdahdaf 1o d Widthdes a | aser
P medi um gtehat share a commnwgéﬁsjéknator section in which

[0008]a |lasemeemhadimentsothseepmpooreporater segtionsingludes a high
ref%%h@ﬁ‘%ﬁinggrg'n g‘?ésﬁc%f a@e%ﬁa&é %&teéﬁcr}%dlgs;oﬁﬁrgﬁ%ﬁ porI The laser

profda@l Chanagtetistics A@vﬂlblaefh sebr@senator eanihe 8eaeadMbined outside of the
n_whi c | aser mediumis housed. [001 3

reSBRGlOr | mAny Gl g e erds SonaRRANGSS: fdaserausieidering may be
S|ghm%aﬁt! FERRA OFRe dRARG &Bﬁl@ﬁ lof 'Eh%&%é?g@énﬁtol' Aafputs can be

medi um and an out put port
SUbJesbdatD@ffereot optrorvalmhrmohlcgjmnvefslmteohniques before the profiles

h di f
are techRihned it aareripuSallsd Pariating e Eetobirut e to have a
spﬁlalmaﬂbréd%ﬂ%|g%|nﬂ§§rth§i‘?6hér%sém/va%g}éné’lﬁd 1R Bther

out put port t hat are a comon resonator” secti on
emppgdimentsi girch diffeeantiwavejength peofiles car b deinGslied A d€cur at

s of respective short
dlfh%u é'% 'tN%gﬁ%tlhgggcr%ﬁ%bsubr esonator profiles, and
[008P%ci ahdditionall avpedtand bbesntages Wil b apphidM fh BE following

0016] FI GS. 5A-5C show power versus tine
detaﬁ%@ﬁgsergptp@sqf drefaredempedisimite suhial progrests wis refetange to the

o R B RRE L put “pul s6s when’a fir st exonpl ary

tinme ﬂie_ﬂeﬁwmm FI GS. 6A-6C show power
0 e N T T AN B —
ha\gr@gsg g:gﬁgngg g%%dr???/p%drtr@ﬁ tﬁ? alblulugag aQ'FlEQPﬁmeBF.kﬁ%gﬁ]deutput port.
[00#1]cs. FiGA 2@@&@%@5\%:: diagraosofta lasegcapiposed of two subresonators,
eacrheoﬁ‘w&ll YicIGd oré 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 composed 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.



subresonator profiles, |ong subresonator profiles, and

specially tailored profiles of the resulting output
wemoses27when a third exenplary tine delay is ep@l/ogmds/042513

Detalled Description of Preferred Enbodi ments [0019]

h [ f | 0 h
(0014l Elfbrafhisapopomatia AIREIAGHIAN Sishatis st COmERRaR of two
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: i
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a polarizer whic | ow t he
reswifiog Iohmut(mlsﬁs a substantially p-polarized | aser beam
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subr&torMirohigse fopigesutressondtbGprofilest bad Ispegiatiy haiksed prafiles of the
12 is defined by a |l ong subresonator mrror 22 and an

resgiting outpsmulses When afirst @esnrlabhiae debhgisaMplpyeeal
[00f 7 0 Efs 654 Sod SRS VBRI irhé orifhe HeRshBEUFOLHER

i on resonat of secti on
sub?&sonBiter Srofildss, maigrsaﬂnemmoriéroﬁms ad d;ebmaﬂyi tailored profiles of the

resigiiog OURLAGLERGS Wit PLARSOng Keea TRy me g s BRafed,
[oo4§15a”ﬁ| SPRIAC §H&hm@\/&smb@aa§ﬁs oﬁ%%%ctl\% BRIt

0 enp oy an opti | oss reduction subsection 38
sutmasdnamon prefilase tbungt Subtesonator pmﬁleSTlaGdIS@ﬁgl&@JM rilosed arefiles of the
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res gD ShitutiruleE BAGE o BHS RS PR g 868 ds Emufifld, T
hi ghl De‘iéﬁfe'd@ééd@'tlbh@f Hrefdriel Eedotreents
wavel engrnproduce y a laser nedi um t hat

[00p8ki t iFdRed is @ sahematieniagiass ohatasersidcha\uhg @éong subrgsonator 12

anB0b AR (P P BLE AR LR om0 0 ooy

conWoN#EsorMioWé&norDT 8.YIhd Asantsplitteg1 Buvredyl od bemiatdr tiodit is partly
their t%gl cal | aser wavel engt hs as, wel

reflegtivecanc sapsiaisstfe. o RPrawiRs l%ea.%ﬁt%sta@ﬁ@teggwﬁtanﬁa"y
simﬂﬁghé‘%ﬂs‘@d ﬁotﬂ'tﬁg%ﬁ%s%d'ebaﬁétb?% da)thtHE%%rtf éwfééé}%tor 14. The
Sl de ) ne or nore e

or dio arrays (not
beashspiitter 16khay ellematiselybena pblarizemeheh, wmmcblomchhattﬁalllwmn of a

substTeY Profgan Aty aoeE BRATR T RO SUBTESRENinfsh §1 o Substantially
s- pBI%ﬁQ@@iégerrBfe%ﬁﬁfn thé [0RY s&Bn%s@ﬁéio‘?ﬂQ' | oss reduct ion

rror are properly adapted to be input
[0026)ip! ¥Yith aetfeltelmeedefllGedi thernpng gubkesenatayt 1z lsdqﬁ@ed by a long

s S BEA %4 53 BRI 2430 A oFgY dong an opca

path 26l | THeNoRgeibrostmiteg12 Felldesdhaeosnmsn wesdnatbssection 18 and a
appreci ate t hat one
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



or nore |lanps, lasers, or other punping devices could
be enpl oyed to provide the punping light and that the

wo 2eene2medi um 42 coul d alternatively errpl oy a HiT/Es0eim42513
type of laser medium such as a gas, CO2, excinmer, or

r vapor |aser 0022] . The common resona
progulced by aigser g@dm?@qha{n 5 Ras Aosafgan Ihe,Pamnarh regpnator section
gsuch as an acousto-optic m)dul at or (AOVM or an
el ectro-optic nodul ator (EOM, positioned along the
[00ag] i cé]hedaser mediuam 42 peeferakly ¢emm5sealas@orb@ntmoalmd -state

sl 8T 45 AoV BoRdodnr g TP KBPAG, VRS Byl n of hei

typital I%@@r %@eré%bmst aPrell a%‘lheﬂéﬁn@blfc@lihem t IrPdome embodiments,
preferably an output coup &)mrror that is partly

therlasergpediven 4273 diregtbrer la%r@ci ryraped{rost the side hyrfene or more
dloﬁggggjd o% %%/)gsl @%?%R%\%ge%ﬁ ?&1 ng}’sgttr{gs?nggﬁ&k \r/@rdbpg}e‘b?ate that

thegyupapiag sobede ecblﬂdtbelpdﬂtlorwdewémmd bhamrab@'letoflthéliong resonator
greater than about 25 kHz, greater th anbout

mirgar 4 dhe shott ReFPTASRLMINeTsH K thegptipna %ﬁggﬁﬁucgfm hiror 40 if
g8 g Rt syl LBpat R PRl fovclengt.

OtHeusmlI levevy ppti¢al €oinpohents (k@tlsﬂownojceulelradqmarmlly@ﬂ altgrnatively

be pgp | egfgglﬁéiéjten%e el tl o%%t ?%%%grr\% aﬁ Igp qp[plr%mgte that one
or MBYEIPAISH, ha%QV&* MRES PR ﬁﬁhé\ﬁcé’.@%dld BeeshmployBe té povide the

opti cal path 26 outsi de of common resonat or
- purspiagi light aedttbatdba\}aser ma@urraé%pouutqitﬂmmly empdeyha bifterent

tyoe B Ase R SEe  RoF Baosf St Soptlc afoEleRh pedium.

[oofznpt agHeldrmba e sonask d@ctwmom)aabepref@am%ludesaa@ switch 44,
beta barium borate, beta-BaB2O4) , and LBO (lithiu

apan aceustor@dicamodulatar (AQM) oray éle@H@rwt@dﬁoew@mfr{EOM)
oo R I 28 R 8 45 i v

commmf | resghéter eéctfiﬁ?81mzxggm&qp&fenab@oblé)lpedwogé&%leMen the laser
requency triple nm(fre y

T
an Yliput QBF%IE{“dnmir?ortt Qf ace?cw@& I'tt:'ﬁé[-?O';@transmlsswe)

coul d ative e common
to the poefered wwlermgthmrfeoated ruyrtaedamrtrpecﬂlugqﬂiéncy

oo S B BRSPS AR ST out e

greb&Tnah ‘éboﬁ?ﬁH@rgDrégter‘tm hBSE 2 KI_E Wyreatut théﬁlab@ut 40 kHz, or
action in resonators 12 and 14 is cou

gred@tardhan appuhbo%kHzmrumtq amutmwe@tgéthﬂrew%ﬁbl@t ile dypical

em BT P BUBe BASTRENS I RA thA B hBfimit 1 5 laser eneray

of mmfpﬂ)tosllmpﬁaﬁﬂ@/@h%pabel oEuipgd tza 3t laséd yutput repetition rate from about
el f-synchroni zed into a

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, KTiOPO,), BBO (beta barium borate, beta-BaB,0,), and LBO (lithium

triborate, LiB3Os), for laser wavelength conversion. Typical fundamental laser
| 5



single lasing pulse with high profile stability.

[0026] FIG 2A is a schematic diagramof a |aser 80a
whanenoee7ad | ong subresonat or 82a and a short PCT/US2005/042513

subresonator 84a that are integrated with a

beansplitter 16 to enploy a conmon resppator section
wa\gsngHTmincheirmbit 2es BALITBED 1 (100 NsBaW NN AsATCC

oo ORI Lg%y e e o0 o
(fref@encyadqwadrapled),amB83 e (frequenty glirdepled). aSkiied wersons will

o R R B BB e
consthBh r8ori ot SctiorSH foktntbd-chlify frdquéarity@mvesdion.hei r

correspondi ng conponents are simlarly |abeled. [0027
[00Z5 sBgnadsethet shiirf subreaceaton 1# anerthedong subrgsopgter 12 share

I b t . j [ : [
the £3MaG RS ArorC B e Dn BoBr OB 4 Bl BRaiol AL
subkésoiiateradi uand 24 i§ eopsied] Thiesuplipgsaftiasértaction rhagresemble
energy profiles 160 (FIGS. 4- 7?;\@Of pul ses of | aser

injectiomaeeding-flom pnermybresansier tadhe stharsubrespnater, 894ha fafing

42h pr.ef i . : .
o3P oL G RO RS0 L3P gea o
singiéﬂéﬁﬁgiti’bpls%rwm h@\e;broﬁ;e_c&tabﬂi?,@b in, for ex;arrpl e,

(040 osition, Size, conrtlguratlon or opan
[0088hConiG cdh i Seheaeyc St of 4 tash §0aReuIng lang styesonator
82aj§rgég§gbhaédwe§doﬁﬂg{3@84a tHut GRE rRegRAbdRith.a basREpRsH 160

a rod, rectangul ar”paral | el epi ped, cube,
employ @ carhaton resopatoe sestizp@8a.afitie casemonsesanatansedion &Ba is in
di fferent. one, of these shapes. [0028l.,ln sone
ot LA SRS OBE PR SUDTSOBR ks8I 920 S I e dono
SubPASHREROMB 3 dritetheaBinBARESEh RS dtIde 38 BAADPtIBAI ddeciation

same punping sources, and at the same punping |levels
wittaa shprtraubge sartatorseationdghtotfaem dise sbert suhlesanatari4a, The laser

kn ive elect. ' | ] ' : ch
B0 @1 A By Sl SRt DR AGE N pf BT st
cortdspBhiRly cmssharsbse sintikely |apeled. 42a and 42b are

unmpedw t h different punping coupli ng{ msﬁhods, b .
[0087} T oot SipaifiganigBerancadn 155 BOrs atdhe feneskbrgapatag section

I . .

o2d e st PRl AT i GRAChEsbiRcPecton oda cotans
las@maediume L to bermit xaorel versatiitein thredinengy! peofites 16@ (fikiS. 4-7) of

pulbas SHias ORIt Pt odgHOTHRMEORENT. JeosTHBR cL4ZA pih 320
preﬁéﬁ%%lg%nﬁ%r@estﬂe%@idéaﬁt,'tﬁﬁ%kill&&@e%ﬁrﬁzwi"%ﬁdﬁeééte that laser

I's less preferred. An optional polarizer 90
mediayn #2a eopldoye difienemtdtam daserirpedjuaubiie o fet @angplet f@RpPosition,

sz FOuTReATR, SR BRSO aS Sl AL e gnotns e
subeantdfy @fhilar. 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



exanple. [0030] FIG 2B is a schematic diagram of an
alternative laser 80b that is very simlar to | aser
wW@oms/0er44rany of their correspondi ng conponent BCEUS2005/042513
simlarly | abeled. One significant difference in | aser
80a is that the common O-switch 44 is renpved fromthc?
withcdiffetemt pestping coupling m@ @@b by slifferenbPymakgesRIERes, and/or at

. tches 44
angRthRRRRA s e SHEE AR r8lgse aregifionaly
kno%tmwreeae@@émmgl Y- soFﬁEeQb@wmerhtesfodt@aammie Algsec arediem 42a can

be e PemaeRshile Roer SRGN Jp giceaanase Guce vosa" 2
[00%?]?0hARHb@@ftHé“?cﬁ‘ﬂﬁ%ﬁ%&oﬁith§é§nor{ 9@§é&>uld also contain a laser

er’nat es 44a and 4 can be
me%lt]ht 42tsthadn dinbbdineent is |Ieass)rb§er&baAap@tlbnalle;pIéalmt90 may be
rivers to

emplKe g ppiRdhe done pubEORos secun ped andgns BRPRibigscRgtor
sechOF 9us, biSs'shdfn FERESHECRith tRE IGHRf Mﬁﬁ*@sé:ﬁ@ot ¥Bction 92a as an

subresonators 82b and 84b, skilled persons will
exaape.eci at e t hat the delay tinme between the initiation

00§ 18 i el Bbertbrelif ttstodfue liBel B0ty very

sumh’&rft@rlﬁsér’f@é apl r’ﬁGn?@)f their @drmohdlﬁdm)mp@maﬁsme erm:larly

housi ng the other Qswi tch. Althou e polarize
lab¢lednEnessignificant differengs, in jasesi89ai is giaté & cRETRR & rW%Ch 44is

A
444 §nbdi44ﬁ hsuor as AOMgy @ in$erted mmellmg amivshtg't aubreagnator
e R e ARV 1 s
the&%%é%@?@fe SB%r ( QUCFH@%n R QrigenHf sh@ﬁ/ﬁ?"af BY separate

I n optlca associ atlon with a ong
but syhcleeaireddndspendent dligees.t o form t he | ong

00§45 *ABealyg 1 QLIRS AP ¢hE 80P piREd b itferent
tmééJE? %éBQ@t@Enoﬁ‘fQU@ﬁt drides t@ flrtHePdnhangdhd tailoring capability of

esonat or The laser 110a of FIG 3A is very
the pirofile 460taf the gulseseaf 13wt atpyt| 2Qb22 Aosensuin yhtasen @n?rgy

di
cou§ ARSI, GRTRIERHuBIEe 2 TR A Bions v poresis
that ﬂhﬁtd‘ali]?yl' anes ?étﬂvt@@ntth@ mu@tmﬂﬁfgnetca%mmaes dghared4b sihould be
| re ecti v
i e e o sk S S e b
t d
o OB e A5 7 0 BRI 1 poarier

90 (sﬁidﬁ“shoWnTh RjG 28s arpabarizentcab®e- Usexchith GGlor more of subresonator
respectiv

sodiSa Bab vl it Fom i ehn SRt seBlofBBRLI S Ve

[0088f 11 £1S. 3RS a2RHehli’d IPEIrURESF 4 RSl 3308 having a long
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



medi a 42c and 42d and the respective output ports 24c
and 24d. [0033] Skilled persons will appreciate that,

wo eganel7ess of whet her the profiles 150 and 152CD1S2005/042513
| aser outputs 50ci and 50di are recombined, these

profil 150 d 152 b id d f
sigBiertaiasapes DRt baRRVRSRISIHIALT TP gt of Gatasanigyt port 24

is r%%&é& ﬁntﬁ@ﬁl@ﬁéﬁéﬂé&fl\féﬂ@?ﬁﬁﬁ@%é’bﬁ bl dritPsHor? s@h@sonator

conmmon r esonat or
mmﬂ@QP_mmo\/\M bréﬁr@lactemwmlg sbodlarmidgng Thtputaoets 2o and 84d to

e A oAl oSSR OBEE TUS B IS 7)o
outg%0d, Qﬂrﬂrﬁﬂﬂﬁes@gﬁwwn@ﬁéﬂor‘ MRS agditioHAl cﬁﬁéﬁtc—:tlrﬁélwmépertures

eclally tailor pul ses. Alternatively
48 matyma inchided inthe 50bresonatop seoliens 12@@9@<ﬁdaﬁa|t;etween the laser

de
meflpsand 428 8y dhe fedftcs®h ST RO gt B o T
[OOBQI geSﬁﬂI@ §é}€§ wm@pﬁre@.aﬁa tHa@GééiardTés’s d)faahetheutrmjpmﬂles 150
al so be Bassed t hr oug pti onal

anmm%péw@ehoumée@@csé dedie @gamwr@ébé'&%%wqf"ew(&ﬁnd 152
Can@%gé’ﬁ%ﬁ%rtﬁg tgefﬁﬁﬁgsﬁgle%ﬁg%@ﬁfu %’@;Psfalﬁggsagmallg kailared energy

prolﬁlérbﬁarré(ﬁtérlét?:sgbgm@edhé @mﬁlez GS(A@‘nellfﬁﬂgarEa tambdraldy joined by the
aser outpu is. C t t th h

ComPBIrERAAIoT SERIPN Wi AN OABYE YA S FEr BRI 5001 and
50c{ A psctka ggiﬁor‘é ﬁ\ﬁﬁ'{éﬁgﬂh%dg}h &&#Jéhﬁl@ﬁapéﬁtﬁﬁss%h as mirrors

aser out put edch pul se contains two or
130 combérar d@2ntry ptasig Sgnchrauiasd laseGoufiBitisdea having specially

teirerhpitien | AlSriatelbeetate Bk 1t aPEBogy cat S figd °
md?yg%ﬁc{@iélry t%%ﬁ'éﬁé@%%é&all‘?qm% yAclRfoRiZidpuise With different energy

e significant differénce in |laser 110b is
profilesportitrs inopingingGapiarate targets or targelRPSitieNns.t he conmon

10034 238l A= 504 IS, 4RO BRIRASED R R
wa@é!é'ngithcﬁdnvéﬂéfsem%@ 528 eadspeotivelp abhiah dndﬂ#bpart the same or
respecti vel ¥h tJThe swi tches 44a and 44b can be

different wavelength eprvessieas: iengexamiledhe [RenAUtPYtRRg s gonverted
to aageéi dHANR ic R/e@ﬂg\’w n(?Eh@%sé?B?%gg?BEﬁ]gonveﬂed to a fourth

syncnroni ze epen drivers

harRohid Wghelengﬁﬁ Such m(f;sler oatdpume50m amchb6ed, ean befreeombined to
mes by separate i ndependent d t th .
provRaResIAIN BRI AHSRS Tapst) Quieyt S ansPghet s nuge gpntains

twdt lSES d heut 5Ce . In sonme enbodiments,
Oﬂqﬂgﬁsayet&{e ﬁ%ﬁ{ ﬁ)%tn the initiation of the
[00@5Fwi FiBe3B4sia sshematib diagrami efeary slteraptive tages 110kithatis very
t hat at er. ted

sim4F P gk A oh 3 i FIG 8. S5 nR 1360) B85 Bigpaing components
are%%ﬂ@ﬁ@%*ewd hoHg isishifident difftenéd MNakeh110b fsthiabete common Q-

facilitate | aser energy coupling
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



between the two subresonators 112b and 114b. [0037]

The pul ses of |aser output 50a, 5Cbl, 5Cb2, 50ci,
woRe20625@di , 50d2, 5Cel, and 5Ce2 (generi cal | pdrase005/042513

out put 50) as provided by any of the exenplary

pu%'gg%ql t@jt%o%r eﬁﬁ%&‘me‘/erﬂgé?ﬂﬁ Kﬁ_g&?}?agia@%g théX the

system I'es ectlve t
mMa:t\oelcbfcthe&)-tSWitgﬁés naa Idlwld%#m@rwfet\%r*sa e b@ihf’ﬁlted such that the
de] | verggngst em mi§?| nclude a variety of opt i onal

lateiniiated Ghavitghear Be ipiiaissaleee theyafingackop sl in the
su??é%ﬂg hoﬁ‘s %é ot@%}?Q%v&lﬁ:ﬁ%'fﬂﬂhére@%mE e%g‘é‘?\%r@couplmg

ocuse spot |ze processi ng
betveasrr thepwito slitaesomatoissi t@tpamahngrbvmthl n the range of

[04%?1100 abo&%ﬁs qfﬁawrt%ﬁpwaﬁf#@%w gﬂg QQp%né&{ 50e-,

an@'?oob?%‘?éﬁéﬂéa M fder outpit 5@') bghhrevided bly d?‘grdf%é re'x@h%ﬁ‘}

ink structure and process consSi dérati ons
embodimentsare paglieraliy direated b)h@ beapedelieny system tmvardeespectlve

35D o PR e Bo PR B Pl e cevery

sydtoR3Bhy Mmguidd arvaidt titwlal ¥6iveraiotabpostidal edmpdnents, such as a
systemis describe detail in U S. Patent No.

beamzxpander, dﬂ'r@%rfﬂ‘é’cﬂ fwslrmk:nédo Predysgspa fegusedrspot size. For
Ilnlggrc%lgl:@g%’igp {‘ﬁeafogl%é’(f ;&t‘%eﬁgﬁg? &Qr@@erj |Qtt)ﬁﬂée$|{nglrtr9n ti¥'rhnge of

oning sy er nat
betabdint almal0. § peahopbdbe3 |prrpand' prefetablp40%e@M00% Iarger than the

wicl§of ke K, Zepending oriipie insvic ol pieh sk Ik Enatpal and other
""%‘gttﬁ’dﬁl\)g an roc@sg%@ng%rﬁfongmﬁirtbtﬁér 135er a;ﬁﬂ%’a%ny tRe laser spot

Barrett et
sizassh Q)mﬂjuatedrfmraasfew@ethﬁ often nncrpattelatfeaptpﬂmdmdlmmrons to suit
i xed- head SY stenms, fast positioner-head systems

theSaLpa‘ilcgﬁ @gq%fﬁg},eg{ pi ezoel ectric-, or voice

[0088] | CAprePbir&d bBRAT G@Iﬁ/er)oéndj Pﬁgiﬁbnfﬁ@té%fstéiﬁ liy 8Bscribed in detail in
convent | onal 05|t|on|n ens or those enployed in

U.S. Hatero. 4,388,402 ofdQver ﬁrﬁ ér Methodsantbhpparatus Fmﬁltlonlnga
o T L 0L ek sl o) Mo,

or a/dmﬂlcmallyrefmploy tiod ||r|ﬁpmﬁhﬁ?img¥ Eéém?odoﬁtldﬁws U@écr‘itﬁtﬁﬂm U.S. Pat.
a snorter an

No{ 5,008 G55 ol & b oLhe P No érﬂw@%e@mwgﬁrnu@ Rat. No.

6 ahﬁ%& o°f raftPet 41l YN, s]‘ W 3@?)08 elYediyy éﬁ’rr&?}é&gf&qghlch are

at i s orterthanthe iMthin suc
assngnq@nq tbd asSigneehs thtaspsa’terstwnpdanfatnran Otherefsedtheddssystems, fast

ont he fly e. osi tioni system does not have
e ggabsstasuT R o Ao As: bkrop :eSE“Ca ‘Pra‘éQ'?@CO"'

corﬁr‘dllé& mitors Qﬁq’inéﬂpﬁ@t&e&ﬁ\ﬁan ddHvehfssal Ef’sﬁ {IQQQI' those

andshort subresonator profiles enconp sses t he
empjoyied in theyd3Q0, 3000 br @GO madel spiike manufactiredsby Electro
Smgﬁ)t’?ﬂc In(al]gﬁjles, Inc. (ESI) of Portland, Oregon could 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 um (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



[0040] Wth reference again to FIGS. 1-3, the
characteristics of the |ong subresonators 12, 82a,
W@2wp/0d2t260, and 112b (generically | ong subresopet/v82002042513
and the short subresonators 14, 84a, 84b, 114a, and _
y short subresonator 14) are different

|
sha 30 Belranplies SBCaEIERSe T Uik wisliswregaatiess of when the

s ,qzeeyr Rris blsﬂ?é § the laser output 50. In one
P oqjlétr?en P nfgengt hs of the long resonators 12 and

[0Q40e1 shaith ref@wm again 1a F4E8. 43, dhe eHatanténgtiat tof the long

subBSbhtrEoPHoS At 3lph oaRd 3186 Ghgricaly fonas esppator 12) and
theS$HUrE§@tm%%©ﬁat®6§ﬂ408wa b, 42a, %1148&@%@&%%%%

(generically short’ subresonator sectio
subygsaraten 1¢ data different@ng IUHGPWGr‘élm@ellm:ted ta povide desired

ondSERARIE T RIBRE, 533009 35S MR, 58 ey g o

reszba;atars 12rgray theas hinoreisodatond Amre lséle@%d?ﬂﬂfmﬁé?t {)Qﬁlcular é)ulse

s of |aser output 50, and the |engths of
proBf B Rer BRCS ko e RSer itbuRE0. orpariair, thadengiasof the shor

sutfr%é‘r‘i‘étb?@ééﬂbﬂso\f@ g34bpgs Oﬁ@{% ean?j Z{bn@ei@r F%Iyshort subresonator

justed to coopératé wt
Seqtlegrii@c)tare @diustedto ccemmrateamtlsdm ietngthsl@f the respedtiveaommon

reshiiafbr BELRia L6, dhal mob: 784 Akt S Wonenisalt Parvagn rasonator
section 133 to HHERE ALY dur%ﬁbﬁ%% @gﬁ‘itot A& buidis bﬁagénhéutBht 50,

ot her characteristics of subresonat o
andsibetlppgits3d the kang mee@mtat sectmstzeo @Qazezb,ama; @miot22b

TR ORI T
of thel respeatioé icbmmibn resiatéridetibhs 38- tO[llQl?él]t]a IE'H? Spulse width to the

rel aftl onshi p bet ween resonator characteri sti
pulsRy géa§$roqqtpgts| 20.r Ehapedtiguarcsigesest theeewpulse, chfasacteristics can

Do BOKBEN QAo ELRa, A8 Mo ik TR Ror B StEhies aitfe shon

subresmunadort sequshs Bb¢laplgadubnesarater sitions 28 BAdceseheh Pesonator
r|n the | asing period. Thus, for a

rrors
Secﬁ%’?% n%&?ﬁrbq tegﬁ%PQPe%fauﬁaéMths@tmer lasep aaEaraeters to achieve
the Bé&l'réUJpéls@'ﬁfo‘le'cﬁf’fﬁsrerr&@QM@sﬁz a given punping level,

d a given pulse repetition rate, the pulse width is

[004Hner Bhe yelatlcbmmb petweagrordsooatdr charddieristivsidnd peisgiphofile is
horter the cavi the shorter the

h
rolaffity S8, ManiVer 1075 aben 16 G0 14gor piE ahyBsmPrS
energy tiee pul@bhmdirﬂls&gérie%ll)mmnﬂ9§8ﬁ?ﬁ@hﬁin gb%’ﬁbﬁﬂh trips" the

YAG | aser with a resonator of
PhOM\%@@%WM@W& regenatas ead poirtoss dudn@thrff laah@peadu n$hus, for

@ pffiodin B oRgraul u AR Bl BRrPheiGi RBVALR Gt rser medium
42, a gsmmmwnplngrlevedaan@ btgiveh pulsenepstiticrerate thB puse Width is
generally dlrect?y ?;rolpeon (grpaelrt]clJ ?r%’e E:thy length. So, generally, the shorter the
cavity, the shorter the pulse width; and the longer the cavity, the longer the pulse
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



resonator, one can obtain a 20 ns pulse wdth, for
exanple. In addition, the rise tineis affected by the

w@edosecm4dt h. The rise tinme will generally be PIDER008042513
the full wdth at half the maxi num peak power (the

time between the points of the pulse profile at it
is affactredrbwhmpulm) th. The rsestimevdll gg0PEdY Rese!ase é%thetfé‘" width at

vt 30 TR 5o B S R FPSL Rn bR ol pote o v

halft rﬂbkmﬂﬁﬁ poweFki Sbedshurterpiulseowiitls resultsacheén aaalh@rter rise time is
generation of its independent pulse propagation
preg¢ritasct er i stl cs in accordance with known techni ques.

[oogg o f‘. R J%%té’bﬁ%ﬁ&?&ﬁbr@ggnﬁw ¥ah Uthéré?f)ré I tBIIéHéUYoy

RTTors. curvature of the surface and
skillegngrabtitidners ¢o faml&atermhanam@hzof mmdepengem.muige arapagation

d
chagrelphgins B Pcchiartea T Khaut s T SFAEening placement
ancﬁéﬁl{/ﬁﬁﬁé‘%ﬁ‘ ﬂ{éh@nyf iefleBiid Mirdmi ther curvatuh@bf tHesurface and length

produce an align and substantlall simlar spot sjze
of tbe lases nseditecd?, c;afndath@cpumplgg @nd,a;hmmm tavel may, alftp@ adjusted to

t f h
e EBRE AL ATRRRE B BT PRd b siongior
sufﬁéléﬁtl)f SimilRxasnRhat thé%@rd)dll@”ﬁm aligrdd/ank éﬁbstantlallyThmllar spot size
transm ssivity of the output couplers can al

on thej sirfase ofa Wpf@@CQ hélt@@agéeluuﬁhgtqqmpowtﬁ Og P@‘é'ﬂ sybresonator
{
can t{;%ﬂail:;ﬂ'%i I%é :tlﬁ%t c%ﬁ%[rgg Rirs aEB CHH}a%S?Prf]thFO%@{Taé i@ﬁé@élze for

exaphplecar mgenuohbllys diffeiretl yTHeatramﬂmBswuysétﬁalp@gt couplers can
deri ved from

alsqbgeaadiyted l & ﬁ@t t\lwgser y w@ |gn S{gléfp glga tabgiaﬁrplsg{mty decreasing
the e Klith 2R6S é,s*@fira%ﬁﬁsmw/merém plisekvigtrpcessi ng

ut sacrl Icing throughput. The versatility of
[004aker Link protessing @dthpspadially takared pulss shapesgderved from the

o5 s AR S50 S ARG S8 Sperir ey o

se\/e?é’cﬁ liiSied in4pl dbesidAveflioMNAMNKRRVESs RS RitRotl sacrificgitiroughput.
respective virtual short subresonator profiles 150

Thewersatitity of ldses seitputauisasopemts bester talpringdemartisylar link
ecl.a
chai et qLdhep S Rt ions Y Fos T80 ar e,

[004H4] t UFIGBNANDEC gediRetivélgt FiGied) shoul pbwerpversesnhmﬂwgﬂaphs of
each subresontor woul d rowl(i%s0 S Sndent
respeeiiecvirtuglghast sybrefepatos piaf 130 ap g FP%@S?B@%H&"WGS 152,
|
and §REBIAY SBEQENDIAIBIA bidies FE0OShER shibfdnaloreyibfils 150 and

Iong%fubkmamrqseﬁbedl 52rarelviualin tmemtr@mhe{mﬂqi rewnesent what
reference to

ea%w@gawatpbwoy&?m@ sgeRRRUeni! 8R! Com A authsher
subtH85EOP BEdtlie I S0 bh&%ﬂé@u%bbnétoﬁ brsetb3 dvouldn't really exist

separately 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



wi dth of an exenplary 2 ns-1 5 ns and a rise tinme of

| ess than about 8 ns and preferably | ess than about 5
wWm30068ki7kd ed persons will appreciate that a vap@CBU§200$/042513

subranges or alternative ranges for the pulse w dth

and rise time of such sllg ubr esonat or rofgles 15

subsesongéisprefiles 1GRareRIss & exampleRpaliefngtive ﬁ%ﬂ%@g'udes a
t.h_of t f

pulde B o M5 el 05 dnd a?&el‘ln O RS Aok 2R ' TR, T or

[0o046)e \thmfmnbe to IFd)@g4luimr eemmemboellemritenlgngEsu@re.sonator

ORI L0 B e, LoD BAPE SRS A REBILL S5 56 MO e
widiHYf greatdt Wﬁé‘ﬁhérp)‘eﬂé%tﬁ? h%i%harpéxérﬁpl@ﬁy EQIs@S/vlafldoﬁ15 ns-50

risetine that 1s er ns and typicall g
ns am@ﬁlsetthmtratnslcmgel 31'155 nslarld tygicgly isgerfipan 8 ns or 10 ns.

Sklf%é%ﬁ%‘f@%% g?hreg:l?\églll@ d Y?{%@' ?% @'{g’h\’/g rhAGESRrRE pulse width

andSidY B%RsIisath MorYy slisesdhdtornpeofPes $52laee p899ibleex9mmleaer>§emplary
al ternative ranges include a pul se width of 15

alterative ranges siclufeia Puifewidth of Ramss3 hs or BOBATS Wﬁtbrgreater than
20 rEl‘%fe_rence to FIG 4C, power profiles 160 exhibit a

jecially tailored energy profile that includes spike,
[0047Fe Wltl"erefetmlcewd) F4GwWit Gt powbrpadiles 160 exkibder $pawially tailored

f th t h b fi .
e

frorﬂrtl‘?é 'vlrﬁ1al- %SBlftfs%ﬁalo?r drBfﬁeE’Q‘B@rarl?f tﬁ%‘dlr@uélfloﬁg sUP@sBnator

pul se of |aser output that can generally
problesal surkadh powenprofileat 6Qa cﬁpree@nt&slme aawel pofilsprf BIsiple

eeai T oblps BB 8h e I Renb B il i B prones
1 5d sﬁa 18 h@knréerpé/r@bh@w Sprebrte)indwidler pthat tHeewirtia0prafils 150

may produce power profiles 160. Power profile 160a
and:31512 paychetheceriirelyeatditivenand Ht @t@rcsletnvall@es of the vfyalprofiles

0.8 182 oy P s PRGN M0, R mrDRE 4B e

chdﬁéét@nﬁ&ﬂ as da@thgre skort risbeinpeaks adorg pukseewialth yAIternatlvely,
separ at ed vvlthlnatlmarperlo of. from about 15, 81
beqkspikgs wi

powgraurefilgotbQascans e charafipriaadas baving dwo Attashed-sp

sor AT ISR A5 4RI ScBlRIL it B piASSt rom
abc&lﬁdﬁtnmmmm G@Omss sedbe doratiodcofpramingiuse rul begreater than 300

removal of, for exanple, nost passivation or other
ns.| ayers overlying sem conductor menmory |inks and even

[oohgjot ' ?h@%hbﬁfﬁ)é@llmeé (Agtd scsllﬁé e&ﬁerl‘l@llgbhérrbe%kf&)wer) afforded by

odi nent s. onger pu se wd and | ower pea
themrsmasormt@rsmnonaaﬁauomo@rem@lelnbr@ngwrcésfﬂﬁ@txamle most

ook RGBT LBl B RE R2h s

removal of the links as 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 Td, is

employed.
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substrate. [0049] FIGS. 5A-5C (collectively, FIG 5)
show power versus tine graphs of respective virtual
W@ beosewbr esonat or profiles 150 and | ong subreeDNS1005/042513
profiles 152 and exenplary specially tailored profiles
160b when an exenpl aré tine_del
e

(0080 oén r[emopewms 28, SBcend 5. eegdiments sich aergmplified
by I?%@l%%d;ﬁsgﬁcg ?Hﬁlih 4a Wi tfghgg 48% dREA415irBEbREE dufiBsonator

SWIcC 4b In separate
sectiohs asowell guited fdri mtnsdmmg mtlme delayggenericaliyt Td)haiwegn the

initigfon GElespaaeton plghe Shertandtbnd shbRERgLE L uldrl4Pe. n the
exeﬁfpé%#ycé?n%&ﬁlﬁ%nt RolviSn 168! atswitiRoH [FEthe 1I6REWObrasonator 82 is

ch 44a in the l'ong subresonator 82 is
opevpenith aishbrtaletdotimediddhat israhoTiy after{-switchrsh isyopened in the

B e DB RS, Bl R B8 oo
proﬁ@%mfeéﬁn@sf tHeep dSpriotiRy i Bingle teenpmwpulpe of idser output

a single tenporal pulse of |aser outgut 50.

50.dhs disssssecinboes, tecviduakriailes G and 138 ganer 783 nedpe entirely
s B o L1 Pl By 0 BRI e 00

[005ﬂp5lBlrﬁiléﬁ)Jt FIGS. 6RLES (cddcicelychIG. eﬁ)tshmw tpspébt@e 6<)wer versus
show respective powe t

time GraRel SREPeCtyBH G sor STl BaBTes15] BRG fong ©
sub?‘%% i ergﬁr’oﬂfe éﬁc@%xé@ﬁlaﬁ‘?@ égﬁP{a?IE)Ye@PRﬁilé’é 480c when an

en a exenplary long t
exetigplay 1608 tme eelpyayiads employes. dmdhpl%empéammhwment shown in

P P SR gt o A RE B e
Tdﬂ%%f’éﬁdé t béﬁ)’ré‘ %élféfslng']acﬁfdhpéiopg irf the sHeet $ubresontor 84, to

reson 4, to produce the specially tailored
progucs theespemty taitoren profiles 1906 iEachimorer @Qfl@sbﬁﬁcsreﬂﬁ%sents the

oo 5h1RLT4 38 BB A STRRBE ) 59,75 Jitngg avove. e

wrtlléﬁcbréﬂ@s Y50 4Ry 152 niggyoraky Pet Batentiedly additive;| meother derivations
ot her derivations of them may produce variations of

of tb@mapmduc@ %@éionﬁ@éezwew@"e 7809C (col l ectively,
[ooggﬁr h?)&’ﬂ? ey |‘d i Sﬂbﬁgﬁn&g/vé}f dr8SPRATd dfphs of

t su F esona or pro Subr esonat o
respéctfvlé shbrﬂ&ibree@mbtepﬁmfdéé ysco dohgsebrgsooatdrgsofilesd 52, and

o g 50 e SR ST BT  moves
In tﬁ@%xéﬂ@f én%m&ﬁ%ﬂi ShoRA ih & I@P’F%@Nﬂ“l@in i\ HAeshreBonator

e delay tinme Td that substantially
84 iseoperres after @Mk@aawltpram‘mteérrwwa@@iﬁy time Tshi tlhet @kﬂbstantlally

el B ol R Fo RS R ol  y BRL soeciny

tail®¥edf profile8f168b. Each power profile 160d represents the power profile of a

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
13



single tenmporal pulse of |aser output 50. As discussed

above, the virtual profiles 150 and 152 nay or may not
wheooensimel y additive, or other derivations of p¢hesonsgs2513

produce variations of power profile 160d. [0053] Wth

respect to | 10, 80 d 80b, the_| fil
subiesnefor nf@ﬂhﬁglsébzar&ﬂhet'eag stbrasonalar &Sfl'ﬁgi%r@ﬁb%{de ffom |
r .
sorBlb iR SR o PR A 7100 B Spaitic pocombined
to pfamdjesmglmbarsesaif laser eLtpat BOshanig profiles) $60 witBlkiigh ecofile

persons wl | reci at however, that the
Sta@mﬂ@ﬁl%‘%&é’ﬁ ﬁ?‘?%@' 150 and the |ong

[ooétgff eﬁgéﬁia%(/e réfn%ddn%ntlﬁ& 185859l 0 818 $¢@@E@t‘rﬂlt QUiPietty of

romlasers 110a and 110b and are su sequentlx
umqmambuaewl posgibititiesiorshegrefilgsi168s IvPneLrRPOGMEphthehort

sub';)é?ﬁvI At meg 91 z?{glt\ﬁ hﬂwaﬁpggﬁ%mﬁ ttczr%ﬁgjtlﬂré\}lglef‘%velength

(UV§ @h@%%@ s@ﬁrels@ﬁm pidfies a2 atd Bbrmenically eommrtattxo a green
of uni que and usef ul 8033|b|||t|es for, the profil

wavesength o previderpeafilesAe0 hamagshshert g8 tiee g UV and a long

R e

subPégriat@sprofiesarsd m@rhmmdmddny ooongred ¢l at3bsenmreavelength and

the \ﬂ,\c,paq\glqesgnza}%t e O\él5g rp% L QQ% o V ﬁ%tagfvrgtgﬂlgng% to
pro%%?r&ﬂ% h 60%9 % %h@ﬂQFsQetfmé'gPQQS 'ﬁ‘?rﬁ”andtahléng tide width at

sonat or are harnonically converted
1064nra. 35yehanothee bmlngxiimajmtd atha2 |um@nd@$mﬁmabwamlgnguhe§

o83 55 R St B S M SISB0L 352 LN SRR sy 0
nmﬁB? @@%@(4'4@%[1)%&? reddiaforairofilé84 5ono drﬁvM@Ha@éKlidiplﬂt pulses

I ment mm fundanment al wavel ength is
havmg)a shet rise tpn@@ued)ur@lﬁgﬂsmlb@ wayRlength pRaE Ipeg puise widdh at a

|
1 32%@%’%‘%%&9&1 ng 'ﬁ&?ll st %ﬁ?ttsgieppgl” (??P?Lgtfs}érgo@%%r profiles 150
cand §8&d frdblage ar Alpdiie the Svetlyimg pﬁsswa}uon }tday&ercandxieumve part of
wavel ength and a | ong pul se width

the Jigk shilegnimimiring gr@tqr SéiFe 3RAIrpduging t e}ﬁ %@ewggghat'on of cracking.
Theﬁgglﬁfagagﬁgf)t DL81idigeE of 3R I& Gﬁre% ﬁgtotr‘bré‘lﬂéé‘HSZ%move the rest

OVErl'ying paSSI tron ayer and renove
of th@lihk gartibglaty aka\MnNéxethmnmormwenh@aj widilele agilReoudpidt pulse energy
reducing the e rnati rackin

or ek Ravge Wipaeduratbrigt of BpiEaae 19 it sECH b pHies supsyate.
[0095]0f ' }Aﬁérrﬂé_tl%e Xﬁfﬁé’ SpikE®f [I’ﬁe%hdﬁ ré%akdrrﬁ?ofllléérﬁsoccbdtﬂ’d b¥ delayed

ower th conventional visible or IR output
to qamUseomewh@ye elsepalanrg frenpulsewidth ofdbadenp suknesenator profiles 152.

w885 ol kL 6208 B kR R P hessvaton

lay@%Ofdrle%nilp'i@ YRibld dreRdglikascsbul® aReriativelyrosnintiogueds & occur
along the pulse width of the | ong subresonatgr

anywhere ladeng e, 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
14



Such del ayed spi kes m ght be useful for nachining

t hrough buried passivation |ayers, for exanple.
woe®blobB40r | R spi kes could alternatively be iptT/Os00802513

to occur anywhere along the pulse width of a UV | ong

sybresonator profile 152 as desired for other
errgﬁg,yq besayise theawep ankdwption of laser eptaut 50I gart e tajlored and

redite38he tr%h(gf fd%ﬁiaede%t ttoptr’n@fdnld%rl?ilﬂP}%r&{é?qlﬂ[&eormg%%?v%ion structure.

wavel engths a xtra versa
[005Hv erBeamese wavdlesgths wave stngtdrshandbbbel 0ehaheami ssemployed
for, link. bl ow ng.angd other ? lications permts use of
to gradiiee caiticalsngt Sizediaristers g E%Srtaﬁnm%ééeﬁ Hep, Sgrpenter-to-center
itCrRB8twe t i i
B} A O IR BB SO LKL BBt smater
thapethelpitshihiatween ks bioavrt by amooivehtioraal dirdjke 3R ilaserdfeam-severing

pulsf SheBkfoRe n8 ReSGsita Oy i teraTGkp could B¢ fasitated,

ressiltingCih Wetter [iAR PethoBRIGRESRLIYA VS ANEhBINEWAR iti
thgr?qabout 1.06 mm can be errp‘fﬁ:%)yedl ?o prod%gth%&)i%t%F'ggﬁd closer

togethar. ang inqieasieg eirsuibdensits t han about 1.5 nm the

t ere;it9: (o] ; l,inks processed .
(0038F  ° Sif R GIhe vePetfl, R Tald g haISsFufies BPverrprie 160
offersebetier fbxibgityvreacdommivedatirydifferert of PRRNSdrAPIRlated BasSvation

| aser b,(_aam severing pul se. Therefore, the

| R
chaiRelessich g @t exaPPigwie ansi\atieadayensiabovequkelew the links can be
mabi@&iitt fat&thi oir?e?Hb%I;m % %rﬁ%iﬂﬁfu%lﬁ@a{ég@&&e@ﬁ’ ﬁ{a fnodified, if desired

resol ution, permi posi

to b olber thayyatypical heighti ncreasing circuit density.
better tail oring

581.,.Sim|arl the versatilit f | o
foo5gf | QQ&O"&HV%@Q&%"@“&Pd?qué“i%@qee?%y BRRYasttional passivation
matdrigtd SidH &Y siliBoR S ERD, N Gilikbh g ﬁﬁl‘idé’f%@\ﬁ)eand silicon nitride

“conpl i cated passi vatioh Characteri&tics,  For eXam! .
(SiaNad phesindetlyivg naspivatontayes may ineluse thieesdnme passieatidrematerial

' t er i h h the traditi | .
o SR B bl 8B B BB v poricior
the uhdoriging XRissvatibRig)dr in D@ et Bk AR InfhBe formed from fragile

assi mi on | ayer may include any conventlona
ma'%él ﬁﬁ YR it Bt limided iy tmaterialsi forroed doox jave K(r8ateigls, low K

il Vi (i Si AN itrjde,.(S 3N4
SRR AR et o LGy e
(OSEzsjeflperssilicate glasses, erganosiivats glisEésr 2 itraealsabMBbdiRtate-based

oA R Y B ESS3 Y 53 (815051 onwne geo
roNTIBEY S SRS (PN, SO AT SR Stpesgorano

materials, including but” not

(HS r methyl sdsesauioxanesiMB Q)| milyarglents ethetse benzecyclobutene (BCB),
. j ow xi de- based diel.ectrig terials, )
sicGH §aforetvsn (e eratshck igmonef ook pPabitmaterias,
Inc.Rrogapirsohbaste Ial Ks@iekectrit polymer (such as “SiLK” sol
tetraethylorthosilicate- ba%e)o/[ oxi(de (aI'EOS'- aggg by Dow
Chegycaldyompanyly| The epderkyeg pRoSVatiamlayetsMnaos)from some of these
matBfi AR Word! pIERL 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, Si3N4, 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, MTEOQS, and polyarylene ethers are semiconductor condensate
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nononet hyl ether acetate (PGVEA), silicate esters,
hydr ogen sil sesqui oxane (HSQ, nethyl sil sesqui oxane

w@ bBpe27pol yaryl ene et hers, benzocycl obut ene (BOBYS2005/042513
Si COH or Si COHderived film (such as "Bl ack D anond”

sold b |ied Materials, Inc.), or spin on-based | ow
PreCYpQ %‘@@%&S-pgw oyl S4me O i pRWeEGYeryigg paasivation layers
Glese ek (SeamARD 51 A ed |y Bh g
O Fs ORI o EntN T laser MoBRSHI BhARE shectfine
undedyjRg Wasaivatien tayess getlddd inoke senstive with respedttetcedventional

i ly sh | |.se | ink- |
lass} ofGRESHY. 9 lacholt BBresnEBed nBreif Greriaipatar natsaliopwhen
de&lifg\witf 13y wilroaviErampespetties. | ow K diel ectric

materials, |ow K oxide-based dielectric materials,
[0Q68%s, 't wildbeebvipvate thaseshaving skifjimths ait teatenghpshasges may be

m actQS atr@@etﬁ@%f tﬁé Eﬁgf/?deggﬁgch@%%m%r@%@t d%?)grting from the

l"ayer meteérta

ungeryiag prieciplest dfehe inventivAT THesbePldf the present invention should,
condensat eprecursor material s. Even though sonme of the

thergl 'rhﬁ/%‘?‘%{mmfdﬁ&x oy dbe fpflovdg@ elinesul d be | ess
receptive to conventional |aser processing and/or sone
of the underlying passivation |ayers could be nore
sensitive with respect to conventional |aser
processi ng, the techni ques described herein often
greater versatility when dealing with layers with
different properties. [0060] It will be obvious to
those having skill in the art that many changes may be
made to the details of the above-described enbodi nents
wi t hout departing fromthe underlying principles of
the invention. The scope of the present invention
shoul d, therefore, be determned only by the follow ng
claims.Clainms 1. A nethod for controlling the tenpora
energy profile characteristics of |aser output pulses,
conprising: enploying a first subresonator with a
first subresonator length that inparts a rise tine
characteristic to a first subresonator pul se profile
in response to lasing pulse initiation, the first
subresonator having a first subresonator section with
a first subresonator section length that contri butes
to the first subresonator |ength; enploying a second
subresonator with a second subresonator |ength that
inmparts a pulse width characteristic to second
subresonator pulse profile in response to |asing pulse
initiation, the second subresonator having a second
subresonator section with a second subresonat or
section length that contributes to the second
subresonator |l ength, and the second subresonator
| engt h being | onger than the first subresonator
| engt h;
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enpl oyi ng a common resonator subsection that is shared

by the first and second subresonators to cause the
webasaci7esr i stics inparted fromthe first and seCDIS2005/042513

subresonator pulse profiles to be expressed during a

|.asi ng pul se, the conmmon resonator subsection having a
Cleifiyt h that contributes to both the first subresonator

I th mefo cimit et -
tho T asi momoa e SORBHAG T8¢ RahBeret ERPA: ribflle rtrbtiristics of
lasempatpudulsesmcomprisingst and second subresonator pul se

FRB® Pris| SO ol Ul
Pl seniiund A Sl adhdor AR &5t BukreBonalor fanath that mparts a
risé tibfeesivrat@rista o bhﬁst@db‘i@sdﬁé%mptﬂtgg?)?&g@riril_ﬁéeép‘rfraé\ts,ﬁ 19 lasing

imparted fromthe second subresona | . .
pulse ipitiation. the dirsitaubresanaten hasing alfirstssubaesonaiassectioowith a first

subEBhoBYERTRTLEN, LERSbACHIRL (TREIS dubBgiat Rhan
subesminii®a segond subresohaesIWiLH 8 lReesd 8LiIBFesoRBErlength that
. that inparts a |ong pulse width to the |aser output °
'm‘ﬂﬂf?%% Pyt Yigdth Ph%rqc%’ﬁt'cégﬁﬁg@n%§U§@S@Rﬁﬁ0lﬁiplué$%p®]f®rIn response
i . : ' - t
o 1855 ) S, oSS b oo S (TG presonator

sectionewith awsechead subresiooatarsectian léhgtis tratdoatribltss o Second
The met hod of claimin

that is |onger than 10 ns. 4. . , ]
suttRontiBr EREEE anc e secoplisybrasonptanathcbeiapianges dhan the firs
sumggégﬁ,awrtethig[h-a time period of from15 ns to 300 ns. 5.

The method of claiml1 in which a beamsplitter is

enpROpERYinga icarwgeraresanator subsectiord thee iosidared bhy the first and
h t hpd l.aim1l in ich a,
so s R9AR A e 54 AL oty Yo ot anc
secondEUbresoIaSONASO beofilds tolhe eRBidsaEd Afurifl i I%E%]g‘aﬁhlse, the

whi ch the commopn resonator subsection inclu '
congingn; regpnatgr subgastinatayingoa legigih that dontrithites teebhoth thie first

' ct,Qns conprises a
Su%giovddtt%ﬂbngﬂpﬁ(gﬁ%neg%%% :ﬁ,ﬁ)g?%#rfﬁrt(f II%Hg ich the common
r esoitiating treulasingt pulse toekprees tite 8RAiadtsisAES impaREd from the first

dium 10. The nethod of claim1l in which the conmon
and?%sﬁ?ﬁgt S Q% PYRe PEHPes: A a highly reflective

i rérmﬁirfy“é’ ELr oPLﬂLtﬁtpugéré?ha?\ﬁﬁé’ﬂ% AR TR 8EteTERE IBSrted from
the ?i?s(i gub?evs%ng?oroaund tl#)e ppulse width characteristic imparted from the second
subresonator. ’

2. The method of claim 1 in which the first subresonator 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 in which the Iasér 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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11. The method of claim 1l in which the |aser output

pul se is converted to a different wavel ength by use of
w@eoexsa7ad cavi ty wavel ength converter. 12. ThePemUkmds/042513

of claim1l in which the commobn resonat or subsection

conprises one or nore wavel ength converters.

] / f 13., . The
metbhod dthecmethadiof Glaighil émwWhich 2 RPErEET snesplayRd tpiiptegrate the
. tor pulse profiles is
f"mgﬁggggﬁﬁﬁgﬁﬁﬁgéﬁﬁﬂpﬁﬁneous. 14. The nmethod of claim1l
i n 7whi cITHeamethazLbfoalainp tlis ediclr thegromemangdsamnatar subsection
. repetition rate of greater than 1 kHz. 15. The net hod
inclgdes pLR$WtChn which | aser output pul ses are generat ed

at ga repgid fnefibd @f?&ai\a{hj G QA eddrpaf the firkzand Secorite

method of clarm1 in which a time delay is introduced
subbssonator sevtiphacooprises eHe-switcht and second

t I ofil.es, .17, T ' :
SO oo e B84 i S s B 13 b Bpion
includdd'8 PR estedhsér mediukf i n which the tine delay ends
just before lasing pulse action stops in the

subi0es orldteomethegt Of daim A da whigh the: cammeg, respRateEs fHBRECtion
conio&‘&%:sg%g?géycﬂéﬂ\é@ﬁf&mw& i ﬁ‘%_f?r@fj?@?%@@&é E@%r%érenﬂé‘t%) .rsections

R1'nclude a so sta aser nedi

eachhmveesrhodtpat pottai m 19 in which the solid-state |aser
medi a of _the first econd sybresonat.or, secti.o

nd ns
Cortdhi s hemelngrbof daim imahish the 557 OutpHL Bilseig gopyerted to a
i | ' i ' ; ' t he
ool PetashEuty el an B g s sstaney the
di fffer erfhd methmd ofatlain Alis whicht thendamanonaesonator subsection

substantially sim|l @{n Evel ength. 22. The nethod of 2 1
COMRYISRSI AP PhECEMAYEGNAHECPRELP Fredi a of the first

subyes ONEPMetiRsd bOEaR® ATh Wiich IN& iXiitioa Al thdfirst and second
solid-state | aser nedia of the second subresonator

subsesriater pWap prefides issubsantiady simeltangausd of cl ai m 19

B T 1 3By e ot

repEiitiBN&Ite 08 greter thag MeAod of claim 19 in which the
solid-state |laser nedija of the first and chond

subriesonkiemediad phelaimmave whishelasebRYtRUL Rt Isgsargigsnerated at a
rep%{i’tfosrf‘raagﬁgféﬁeatgpﬁamﬂqz of claim19 in which the

econd subresonat or sections each conprise
onelgr rMiemativad efgaim d dnwdictea sime Gelayhie inteiduseddietween

initiglion bY the first Shd S8cong sibresonatos plise profiled=! @ of the

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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and second subresonator sections are punped at
different levels. 27. The nethod of claim19 in which
wa weset7a4d- st ate | aser nmedia of the first and BeERLOSW05/042513
subresonat or sections are punped at |evels that are
about the sane. 28. The nmethod of claim19 in
purﬁﬂ ng The methacott fmwhtchethg@pll@séatatl@sqraa@¢'arpédh%f'rst

fir t and sec
subgeadranen e ionde e g YRS R B g irble0BSePedig of the
secBHH'%'uBGeéo?\a'tcBH éécﬂbﬁd:oﬁgjnstebedcswwm state | aser nedia
the first and second subresonat or sect{ s at qg{?theflrst

t hlé?zarreThQ methabof qipin A8dn ¥digh the sqligrstate
ol i t d
andpdctielhthEso BRBE s RN tDveldifforehf Simdtiiorgcond, -

nmetdd of he hsthod 8f claimiiDdh which thel $cd|d3$tateelalsas mGdla of the first
nmedi a are CW punped.  32. The, net hod ?J\?CI ai

andhpRaand HDTBEIRIAT SRR eSBeRR NS e R bt e same.
comgmn . oH dé)H{Q%H@drhf EafoNh Ghiddehd MEEANE EBYRd Bub®Sonator

is em e nethod of claim32 in which the
sedttaaeleaohtcpmprtselcgm bramose wanplength eorvedterr of i l e t hat

SRt AR dihad bR 18RS fld 4G Ghtd 3ef b of the first
and Qeé’t%ﬁo%hﬁr@@oﬁétm‘”@é‘ctﬁiﬁsmtb RefpeCNAifferses lavelout put
cou mrror . The nethod of claim1l in wh

eacZV of “Thenathed oflairs d9dnwvhieihhesepli siateslaser m%d'qha&the first
oo Beha R Ebricl o Tt eOklsohal 3t ne same.
ﬁ:ﬁ%gnghgﬁgﬁ ga?lﬁﬁnelgeﬂgttzmh%n ]Pumep{mgars bmmatedtfme the solid-state
laseyumediaefahefiEstang Wf‘é"’@e”é&’ﬁ%sg‘l%?'liaé%@?‘grg Sff?%r S"P{'mes
pr 05%, rsfﬁ PrgQﬁttJd Bgalfafrﬂ%tlh%vﬁla'?Pﬁﬁ? NFisQHRIBYE PRI tse 8blid-state
S Ct

t he second Subresonato ons are
Ias?ﬁmbdtwdf thkedingt and-secom mﬂrewnatpasectto@srat@hodethmwme time.
aser ou d of

I . ' [ . .
wni G o The sdtbad St el aBaf e e SoicEaldlad fulaia of the firs
and® sgédrtzﬁsm‘ééaﬁater SECHRIHE t?a’Vescﬁff@fénft Fsﬁabéshe second

resonator section Is converted to different
wava1.engThe swethod baclaimd Sfinvhichthe g@@bﬁéteatasgémw are CW

uco ined along the optical path include at | east two
PURRTE engt hs. 39. The nethod of claim37 in which a

firgs enTrs nEthbdd efrclaliia 1finnicis iy esmnadrorespeatdraubsection
and/ or a second em ssion fromthe second subresonator
includes a common output port from which 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 pulse profile propagating from the respective output
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section have different spot size characterisitics. 40.
The nethod of claim37 in which the initiation of the

wo pooseamd second subresonator pul se profil es PEI/US2005/042513
substantially simultaneous. 4 1. The nethod of claim

37 in which a time delay is introduced between
porisefitha firgiranst seqaadrsubsesSNAOLERGIRAS AIB COTMIREG AIGRG & gommon

r.pfl . A f im37 in which the
opt@gfé%%gﬁ&réégggﬂgg%?Iég ndz?l b‘r@egm se profiles express
t hedg. spiemetitod obaibmmBr ah Mhiche fisstreanission. frers thafiest

ol 4 ol LSt QU Bt DUl 880 Bl S nator

secﬁg\ﬁ |c|)su ?g’%ﬁ@ lﬁ‘)% AR réft \ﬁé\ﬁéléﬂcﬁfﬁ_ :uBh“lﬁétCthetfﬁﬁ arPSécond

an output profile with a visible- or
emigsions\oeinebiged akpigdbeanpticahpatR include at Basthwo wavelangis.

ot A end i obdim 3748 nig B BT G FHEN IE
su%@?on-léﬁér Mtﬁfndarﬂ%oﬁé 3bBdAd Emisdidre frofhhel Ssehdatibpedonator

pul se is enployed to sever a link on-the-fly. 47. A
sechion thavefdiffergahepattizrychanagtesisitisst put pul se having a

256 DR B Sy 62138 an scona

subr@ssHRdOpuISE Peefiles dsutstamtialig simaktameouss onat or
subsection |l ength al ong _a .comuon 0

. ) ti th,
oyl EhaiaRd ShERI 37 Inadieh 3G glay s iincticeggtween
initia i BF Pfir fahd %@Eth EUB#e%}Shgﬁ)r ?uféer Slofiflebr esonat or
sectiron tnclu Ing a I rst subresonator path t hat
i nt42.secTise tiethodohoiainnB7iic athighatte finst pndseadng subresheator
itter, the first, s r sectbo%-havi ng a

beam spl , 1 br.esonat

pulse PTGy BrSah 4 SES pbRIPRARIAIY TRsafe i
subfesonplOmeiRsd bPRafR A7tRWHEHTHRBr bafut puRies are propagated at
subsection formng a first subresontaor having a gal rst

a repdiition atet afrgreategitihan AGtkHzncl udes the first

suby esonat or secti l t.h an e r

suskEct 1 O maaRehor Brlst andn ftich SEPSEEHRRy) BARRGHEY an output
profildRRith bRasible- 8RCIV-WaslenBth Ské ahurawi IRRilke

characteristic and a first pulse width characteristic;

enptyi nthemsibethaf elain 44dnatieh heclR B Q%WVM%WQV(*'WQ"“ of

S u t | rsects the conmon
Oneogf%%t%p(g{ﬁsﬁgg%%%ggﬁ &y{? gtrr{nhg} eamsplitter, the

sec4fd ST assthed of claiu tiiniwHicl theglases eutputi pulse is employed to

subresonat or_section | ength, the second subresonat or
sevegatlinrPrate-the conmon resonat or subsection forming a

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
subresontaor 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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second subresonat or having a second subresonat or
| ength that includes the second subresonator section

wo eovgiobe7and t he common resonat or subsecti on | epgr/bS20051@42513
second subresonator length inparting to each | aser

sl 5By B TP 1S BT bt USRS RIS s

first paigE Wi Ehrhefegistict han the first subresonator
| engt h; enploying first and second solid-state |aser

medeAPEYHNG & 68eand sublesonatopsetiiareinduding arsbcoad utresonator

o BRI, 5SS L MRy B B tor. o
sedontissubresbrafeossttionsRivintedisechsd BdbREBALERH ste‘éti?n length, the
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subséscenatassectionl lergthhertd elidmnenatsomatst stihsedtiohdéngth, the

spi,ke,characteristic inparted fromthe first
secBf)sub orRBOYHEPasEn P Parhslesar Bulsechsecandesnike i c

charg@afistdand UsEEBhEE88 i&thEr%?Q&@FigtEé a%@%%’éeggg?ingresonator

first output port fromthe first subrésonato
lengthbeing longed than {het firpbsubresomatohkengéigond subr esonat or

' L h | | [ . fi [
out BP iRy Mf5s ahd S Saftslite Tareredi hasitoined o the
respetlivedesinghd 86esndoslittesohdtal sedtRIPRTSE F&eﬁﬁﬁ%%@gﬁ){i}ﬁ%ng light

second output port, the first |aser output
from paegrmeredgpRiEPWRBINGUELECES, dine: fitshh @ndctasondtlaser raadia being

s BB 5 S B0 S BER Sy e commor
resdnatet seetionl Imkgithe CBvEaLHSn PaBkfirgnbréssHitorwith {tﬁé lasing

bea rPath fromthe first output port to convert the
actigh iy} sreoNdoinbpetonaloniorause anagatinn of alasespulse that exhibits

i . . itioned
T T AT MR T
second pulseevitth tharaetenistic imparted froputhet seconslesudidsonator:

| aser output with

| h ucl 1
0T G SOUTb o b bl 0 e
output Ipdet fReMitRE satoh®agbrelsbhsfor §|€btiﬁﬁ1t Eﬁ%ﬂg%ﬁgb !I%égérgﬁﬂéaé into to first

the fundanmental or first wavel eng [
laser eutput hatrapagates thmodgh thé firstoudputyidrtandisecond laser output

et RSB TbO e SEERROIBAEL SRR ot Shbbrniinng he
first wpikel #regpliise with dhargéteastidsoand gl éé&dnidngsér!ﬂ&tb@g@g;isigng the

ener x profile and/or pulse width characteristic
secqrgjs%t% B AN FECRNH Puilsecwidih chanagteristipsoyi ng a fir st

2 U?W‘ﬁé gfirdy Wé‘vé}eﬁétﬁ%onggﬁ.élgﬂoéiﬁ&%éﬁ Slotnrgfj"’lat fiti'st "é‘gﬁwspath
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 Iaser 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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energy profile and/or pulse width characteristic to

each | aser pul se; enploying a second subresonator with
wa:2®eoe1ds desi gn feature that inparts a secondPEneswys/042513

profile and/or pulse width characteristic to each

| aser pulse, the first and second design feature

fundlammltah orgsed:oﬂﬂ avavelengiasHeh &atdbe faser SUIRME Rﬂﬁ%@éh'e'fts at least

er, out npl oyi ng a common resonat or subsection
two fjﬁﬁf‘dﬁgaﬁ %tagby the first and second subresonators
to couple lasing action in the first and second
subresonators; and di rect{ng at

oufBut PuNethordor rentrling %&emof@ﬁ%m%eg/ﬁgﬁlﬁa@dé%mg?e width
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EEEORd “2her and/ or pul se wi dth

g hanmwmg atflrstssu b¢ésonﬁ1ar with adirsiodesigmfeatus that itnpars a first
eam

eneygniIeANsY SLeniae BHan et BFH P e arbls T’

V‘hbﬁ{bléﬁﬁ%ﬁ'ée%bné ‘é'ﬂb?éé@ﬂ@l&rwﬂﬁé s%cb@dl debightfehturs that imparts a
shorter than the second subresonator such that the

secdnd energylprefilerandier pulpamidth.cherrgteristicsiorRpadgeet pulsgethe first

and |S%ﬁ§$$ geglgpgﬁg{%%gﬁﬁﬂé&tigg%'1%&89ﬁ89&3?§21§95§ﬁf@@ Bises of laser
ou trﬂﬂtsrﬁt sg t hat OIt heI | aser Iout put pul ses exhibit a short
e
C1 TTHANG § GTERNREEDRR AP TSUBR 4HeriS SHBLELEY Uif frsf and
sec%qc gﬁtgl%%gﬁ‘%tgré Yéﬂ t&ible ‘T’%\:} q QSU e Rt éﬂcﬁéé‘&&ﬁi $uibresonators;

onnon T eson ectlon provi des a
andg:rgmmn guf}lpu]tc port for the Iaser out put pul ses.
e nethod of claim48 in nmon._ r.eson
S BBnGA! 5 fapene Reer oyl Rtk hoYing SRR %ASY profile
andﬁa?g)d?é \Wfb‘i’h %a@&%ﬁ&lﬂﬁ defivalifehn tHefidst 868 sabend eaeryy profile
resonators each 1 nclude a solid-state | aser nedi um
anmedJsteQtht:baracf@'Jstltae met hod of claim48 in which

t he pul ses of r  out C t ed: .
di PPer e g] 3?@ ‘3;'13'51/2%L’bﬁbﬁhaé;Bég{’}%‘g&gfﬁmployed to
inteQﬁa‘f@'ﬂ%‘ﬂFS‘i‘ aRaRehhEsubfesonhlfbrset hod of claim 48 i n
he common resonator subsection congrls

hi GOy rTéwel eettiodeofralainbdd ihwhiohetheifirst sub Sanatenhas a length

thaég I%F’B& @p@rtﬁggggggg%ﬁre@%ngfgr%%h RRAt the Tifst Shbresonator imparts
a short rising edge to the pulses of laser output and the second subresonator imparts
a long pulse width to the pulses of laser output so that the laser output pulses exhibit
a short rising edge and a long pulse width.

51.  The method of claim 48 in which the common resonator subsection
includes a 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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opti ca in proximty to“the beamsplitter, the
subsssooatbrab &mjmateoseczt@the cominevi opjical palddn@roximity to the beam

subr es sectjon |lgn th
T A N o e G
flrst%%%%‘ﬂ)n%‘t@*s%%%ﬁta@lﬁ tha\doftman $@§cﬂfdﬂoﬁ$lfﬁs‘é$;ﬂomf@mmg a first
that includes the second subresonator secti

su br&smgltaorm"tgﬂe fieas mmbresoas\@mfe{e@gthéna%@@hd@ﬁ the ﬂ@ﬁtwu bf@?@nator
d b |
secfi BT AP IR Up o AR Bt Bt ol PRt

subl'e%éin%ﬂ)rnelhgtﬂ ilnpiattirf iocsactviasér, palsd at fiee trmearhdracteristic from a

subresonat or | ength bei n Ionger than the first
resprMtive 425188 Grlsedn '?Honﬁf'fﬁ n out put port positioned

alul%ges oﬁa &fﬂ?@&{ha‘?@? éétﬁﬂonﬁﬁélndfngu% BEQRROSAA RArrbRpSsitioned along

Vi ng, rom respectlve se Initiation
a sevohdtsubrescreaton pathdhatr mtaetreemtstthe:sonimmam/eutlftal @ath ineproximity to

the Eééﬁ{%ﬁff@?g 3 acobe St R dnBiardsilion PaREY S fiidd Stbresonator
sechioh Idligtt ah8 JeR8RE s%re@oﬂbfﬁr%@ctl@n %U Ghe CBArhbI Sésonator

subre onator has a short first subresonator |engt
subbetiori fopmirgsa sesoid subwe§enatqrr@amgta1ée¢%sutgf@§§e§toaﬂﬁﬁgth that

mcl{:&% C%)qnp?&n%u%gg%)@naeg&r %ch%n%h&ﬂgarﬁ:eﬁ%%rﬁﬂﬁ%herégaﬁét%

subsection length, the second subresonator length imparting to each laser pulse a

pulse width characteristic from a respective lasing pulse initiation event, and the
second subresonator length being longer than the first subresonator length; and

an output port positioned along the common optical path for propagating laser
pulses having, from respective pulse initiation events, rise time characteristics
derived from the first subresonator and pulse width characteristics derived from the

second subresonator.
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pul se wwdth to the |laser pulses so that the | aser

pul ses exhibit a short rise time and a |ong pul se
wor@bi627%0. The solid-state |aser of claimb57 per/vkioo$042513

the | aser pulses exhibit a rise tinme that is shorter

th 5 d |
050 oo 8 e Ml Bl
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r e§®nat ashe solid-state tases ofplind Brishish the fasefputsesytipit a rise

. nver 64. _The s t

O R e R R e K P
sugh esomA @blidustaae |aseriof |cEanfnC67[ imewhieh er bgarmspiittanis eérployed to
second subresonator inparts a second subresonator

integratéstiledlréfam@SG@Pftmé‘Jh"’%@Fatﬂ[ﬁ ses. 65. The solid-state
h |3 s@a"tel i 67 IrNVFI cRithe@-8lvittR @ohprigkes an
sec Su pu

reson a or se profl es I's
Aomubst antl ally sinul taneous 66. The solid-state | aser

83@553' ;%"hgéoi@ Sfﬁﬁﬁ%érhq%ﬁi%%: AR %eearr?fﬁ ARPe is
con\%]rggd oeégﬁferéﬁﬁv%\}éléﬁgtﬁﬁ l?@@lné’n s iP5 Ra0MANANEIengTh converter.

state Taser“of ‘claim57 in which | aser
pubses Ehe thd@ajetlasbraaf daalrr‘e@étﬂ whish tthC@nUﬂOerf%%?t"tﬁtor

than 1 he solid-st claim57'n
subsggftion qogg;g;seﬁﬁr&gr pLe W@88%8§ rla‘gg@{e X Tepetiti onI rate

of ggr eatrpp doast4e 1568 ofhaimIBE irswhiot-tht dirst subsesoradtor imparts

claimb57 in which the common out Eut port conBrl se

a firshsyhuesaalpt pulge Profils (o 1iasenauSEs ARTdheSECPRY SHbRONator

aim57 i ' o I
mohaBebob BBREReI AR b B serpamaLL |3 O
gﬁﬁgﬂet ][T;ﬁe| sf%ars/g@w ||a§%r efrataigub4 abwaichahesritiatiomgf therfirst and
sol i t at
secgrmcblsg@@@ﬁ%a%|ppk§ﬁsQf§(|@Sﬁ§gESStﬁEH$|y ?iﬁfuntgregéb%}?ngf : ;:ter

pu%%[ ng 'IJhegé?JthdfsrtQt@ laser of claim 64 in which the laser pulses have a
temporal energy profile that is inseparable into the pulse profiles of the first and
second subresonators.

67. The solid-state laser of claim 57 in which laser pulses are propagated
at a repetition rate of greater than 1 Hz.

68. The solid-state laser of claim 57 in which laser pulses are propagated
at a repetition rate of greater than 40 kHz.

69. The solid-state laser of claim 57 in which the common output port
comprises an output coupling mirror.

70. The solid-state laser of claim 57 in which the solid state laser medium
is CW pumped.

71.  The solid-state laser of claim 57 in which the laser pulses are suitable

for severing links on-the-fly.
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one or nore | aser punping sources, the first and

second | aser nedia being adapted to facilitate | asing
W@Z6/0627444 commoN resonat or subsecti on havi ng BECRUSAMING2513

resonat or subsection |l ength along a common optica

path; a beamsplitter positioned to intersect the

common optical path; a first subresonator section

including the first |aser nmedi um positioned al ong a

first subresonator path that intersects the conmmon
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S piKeomh®rariseha®r istbs@ctibroh AR BLomBbATESGRbr subsection
section including the second | aser nedi um positioned

lengihaign @ asonynan SpbicalsRtBit or path that intersects the
t fter,
e SR piEd pagohod PRI, e Kniri6n SRR
sula frsbeab@sosator iseatidreimgiuding tre ﬁecra@dr Fdiea PoRitRined along a

frs SRRl R8BS GTags a8 CORERAIOBUAR S9UnIR BIOXT o the
bea'n? §9I‘itﬂart ﬂ'%tflr‘sf@m’r@@énéte? sé&ﬁﬂpﬁa\ﬁh@ LERONQIH éﬁfgtél' Qgﬁlon
eng , “The

and the common resonator su sectlon
|en$bc Irguwte'smtor séetiogt and theacammpnt resenator Isabsaectuon forming

a gl nieSafetor Felhiia B enGesBhatr Sietf Thataneuaes the frs
SubFEINRESHRICEDN IEritfh indWhe cehimbh %@@I@F‘sdt%%%ﬂéﬁ ®ngth, and the

section links the [asing action of the first

firstgubrespnaderdengihtimpaning toseach aser pulsefa spike @bacalwenstlc and
|
e R N R P RBTRARL B oo T er Bt i posivonea

anrfg a secontbsabesahator dath thapintasestithe Gmﬁmaﬁtdml'cét p&th in
arted fromthe second subresonator. 73. The
megmﬂwao dhe Peamplifteprthe sgcand subresppatar sestior Hpvings seeond

su bfé%%ﬁétd?%‘é‘cﬁomergdgﬁ,t thb 'stcoRd @uﬁ?és.%'ﬁgtcﬁ%tércﬁﬁﬁ %%QE}% common

sections conpri € sane [asant
resgatordsutisecton &weningt sdcanthstibresonatordiavimgp afsecohd dabresonator

o S e M E TR A
B T
pulsgi g pelserwidihelparscteristic, and the second subresonator length being longer
than the first subresonator length, wherein the common resonator section links the
lasing action of the first subresonator with the lasing action of the second
subresonator to cause propagation of a laser pulse that has the spike characteristic
imparted from the first subresonator and a pulse width characteristic imparted from
the second subresonator.

73.  The solid-state laser of claim 72 in which the solid-state laser media of

the first and second subresonator sections comprise the same lasant material.
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76. The solid-state laser of claim72 in which the

first and second | aser nedia are adapted to be punped
wa@roodioéX7er ent | evels. 77. The solid-state | asepCDS2005/042513

cI aim72 in which punping is adapted to be initiated

h f t d d medi a at different
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SUbvgsongy@rso‘ﬁB%Itétgq §(—9"mrdl%ﬁ§7§lrr whﬁ:% tﬂgtcg%irggg rIl'ésonaqor

t he seco subresonat or section conprise
sedligrpenmposes aw osfgtipoetach | aser pul se into first |aser

e
se@c@?ﬁétﬂnv\gﬁé@én Ppé\ﬁntcl’?ﬁatmﬁat%@'théﬁaféﬁgi cligser of claim

first subresonator sectiron conprises a
fir80. Q theisolid-statedssersdciaind ZRibr wbichahe first stibresonator
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a sepend Qgswheh.f i r st stvitch and the second Q switch.
86. The solid-state laser of claim84 in which a del ay

i s 8hpl ehbpselio-statadaser oslmBa lne/vlzuehmmy mn?mermmd
ser of claim
bet‘&zJé%nfdp;ﬁzﬁ cq(w} h%"\‘ r%f@tsv\%%he%&ﬁgﬁ%éc% e tsé’Y S positioned
al i@ a The solibette fmich of tRIMEIEN WHiEh aCiIHls |Prﬂ5lémented
and/ or @_’ﬁndwavel ength converter is positioned

betﬁ'@@ﬂé"’é?”é’@: SaseRm (awich aoe thadirstdesmatchut put  port .
88.g3lhe B sahikk@te lés@? BF ciBim 23k Wifich tik #iak SlbRsbhLe section

wavel engt h converter
comprises a first output port and the second subresonator section comprises a

second output port to split each laser pulse into first laser output that propagates
through the first output port and second laser output that propagates through the
second output port. '

84.  The solid-state laser of claim 83 in which the first subresonator section
comprises a first Q-switch and the second subresonator section comprises a second
Q-switch.

85.  The solid-state laser of claim 84 in which a delay is implemented
between opening the first Q-switch and the second Q-switch.

86.  The solid-state laser of claim 84 in which a delay is implemented
between opening the second Q-switch and the first Q-switch.

87.  The solid-state laser of claim 86 in which a first wavelength converter is

positioned along a first beam path from the first output port and/or a second
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second laser output are combined along a common beam path and directed toward
a target.

92. The solid-state laser of claim 83 in which the first and second Q-
switches are adapted to propagate laser pulses at a repetition rate of greater than 40
kHz.

93.  The solid-state laser of claim 72 in which the solid state laser media
are CW pumped.

94.  The solid-state laser of claim 72 in which the laser pulse is suitable for
severing a link on-the-fly.

95.  The solid-state laser of claim 72 in which one of the first or second
solid-state laser media comprises Nd:YVO, and the other of the first or second solid-

state laser media comprises Nd:YAG.
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