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Background of the Invention [0002] Lasers are wi dely
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referred to in the industry as “on-the-fly” ("OTF") link processing.-Other common
laser applications employ laser pulses that are fired only when they are needed at
random time moments.

[0003] However, the laser energy per pulse typically decreases with increasing
PRF while laser pulse width increases with increasing PRF, characteristics that are

particularly true for Q-switched, solid-state lasers. While many laser applications
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in r%?'l%gégs having wavelengths from 1,047 nm to 1,342 nm, running at a
PRF not over about 25 or 30 KHz. However, production needs are demanding
much higher throughput, so lasers should be capable of operating at PRFs much
higher than about 25 KHz, such as 50-60 KHz or higher. In addition, many laser
processing applications are improved by employing ultraviolet ("UV") energy
wavelengths, which are typically less than about 400 nm. Such UV wavelengths

may be generated by subjecting an IR laser to a harmonic generation process that
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shows constant repetition rate laser pulses 14a-14k that are emitted by a laser (not
shown) and propagated to AOM 10. Fig. 2B demonstrates two exemplary schemes
for applying RF pulses 15 to AOM 10 to select which ones of laser pulses 14a-14k,
occurring at corresponding time periods 22a-22k, are propagated toward a target. In

a first scheme, a single RF pulse 15cde (shown in dashed lines) is extended to cover
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[0011] With reference again to Fig. 2, RF pulses 15 are applied to AOM 10 at

random time intervals and only when working laser pulses are demanded, in this
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such as spectroscopic, bio-tech, or mlcromachlnlng applications, including laser link

processing on memory chips.

Summary of the Invention

[0014] An object of this invention is, therefore, to provide a method for delivering
laser pulses to a workpiece by triggering a laser to generate a set of first laser pulses

each separated by a first time period and having a first energy level; triggering the
. 5 ‘



| aser pulses to a workpiece by triggering a |aser to
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w@2dob0st66 | me period and having a first energypdBUS0D5/012517

triggering thelaser to generate second and third | aser

pul ses, the third | aser pul se separated f
2Bt 1o genptate peqRRAcRnS B0 KSEBUAGE. 1ot ddasds ulsk heppiated from

th@rfﬁétts%[ oF 1588 pulsesidy éﬁeddnﬁ&m’@;ﬁér% thads héétéretﬁaﬂ @he first time
aser pulse triggered at a predetermned time

p@rms@ﬁo thaseeond 38%&«&6 wesgr@dtaé arpaeféetarr@ee%ﬂa‘eéﬁétr@yses the

thir8 Y&der ‘btlfé% t1) %a%’?%@é‘éﬁd é’fhér%y fhel tﬁ§ﬁ§ s@ﬁstbht%ll@'tlﬁé&ame as the

energ [ eve reven I n e second | aser pu se from
fnstaaraefgh eveh @rewenkm ﬁ@esecah@ lager pyipe formyeasking dye workpiece;

aﬂeféﬁw Ry tReset %ﬁﬁr@g%gfi ;ﬁl#eds ARSHE thH BSet SuISE R)%*Gﬁ&g:-‘até % the

p ece e present 1Invention uses
wbep@cewi th high repetition rate pul sed output in

[dé))ﬁgferﬁ% Or?rgs it rm/e%pﬂﬁﬁ%ésaé RRY fvses Sucﬁé‘t‘it&g\té@ pulsed output in

i ng aser pu
cd><ameathmuhlﬂ'esn axtea—ta\atys‘k@Mtcbdlcedott piekingrpyegatingrthe éasengyises

h
i s e L
rdshh of therddengulsas ere plotissxs lastead efrapplyidg éee RE pudses to the AOM
t.nhe

RSB oo omEA eGSR S B b
@lﬁéi?fﬁh slabﬁaﬁmyls&ﬂlldr@utsgentéﬂm ﬁraga(radglé:\l??;s tlgcﬁsmelédrsfeth@ msen
it apaiEd o i AL Beper g res el Ve EPa P o

déPbAged enBendddrta wmnr@qaseem&ediz BembASEd, tivel RFGpulse is applied in
Whenever a worKki n% er pul se is not demand?( RF
cggplggnqeswg]\ the cosis pgr&ds @gJIals%plﬁ‘m eyer a working 1&ger pulse is

nBQdErfAtidedl 88 RFepuMd 18 dléaﬁa;gméa €S PHRNIDING bLIER Yondirkfience with
The RF ufse I N noncoi_nci_de

nce with the | aser | se
they Gar @Saﬁ'l“i}n% tasef pse g ke RE Ritsaip @HG”BE‘F’%’P‘FE‘OW'“F L#l?éa%%’ pulse

FB?&%bry%sﬁﬁe eélﬂnéw BoWwér 4 dLRassh tihé Bs WBBs HRSRF phiskse.
T e tirm ngjgg}elgtl ng between noncai nci dent RF pul ses

ceingidenee W sgrqudse. sThetining shiingbatweem aPnQ%C'W\h;RF
palkS Eﬁ? f’rfeela§ ?é%tlé @Ha}f eHSlQérrLQd ma?tHeﬁlrﬁ@ EFﬁFts ‘éf’e substantially

t her oadi
neglmle émieems @bgtesmai laading AD tfnmé@h@ Tm@amaﬁobv’bwn"aﬁxp@rﬁence

SRR PR B RRaHISH) IaRioR) fE S
lager pulaes aresdamandeses are picked or gated from | aser
e e t :

6] 35S o PR D eSS PRY B e
from laser mﬂaes gangmted aba Icomgtaratr’mt;rcmpetlmrvenab?yon at & ¢aristant laser

e er. | LS. .
pRE A" o0l Bfliadhly gisr® gl tigitty sl opifehdy im their
eﬁérgqmmﬂtmllﬁe widér. mal | oadi ng regardl ess of how randomy
[6({11‘3/] méllr(rlulgﬁy,l tﬁg %\rOI\ﬁlle! g’p?esfat%d at a substantially constant RF power loading
or constant thermal loading regardless of how randomly the working laser pulses are
demanded. So, there is substantially no adverse effect on the working laser beam
quality and its pointing accuracy due to having a randomly transmissive AOM.
[0018] The RF pulse power can also be controlled to perform working laser pulse

energy control with the same AOM device to suit application needs. To avoid an
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demanded. So, there is substantially no adverse effect
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AOM device tosuit ap gl icati on needs. To avo
Ranammréqrfp@cfprralﬁgﬂaﬁ@r% RieRGray=coBtrob denR b palIset f%ﬂ?@ can

be Hmopbl‘étédaé&pas eq?\y 5@§H @8t @k grésuceos @\@'F@ﬁf@l@é\gbwﬁpénd the RF

pertrormn se ene@ﬁ% control ul se
pulse duriation malb@ snbﬁia,mtt@ﬂ'rééo @dr n #iyAgditionah RtFrfatlsq ¢an be

= E
SR TR AT ARG P AR G taer pi
intedivil! reroaims sEBstpofially constabe added such that the total

toBoET TP pRREHRE bty FOREHE R BT B 3%,

delivekgai at ¢candono timesnteqvad sbineactiom needpfortestakers to enauire that the

be del ' I
ebfaf e S R il ARBE b HR " 2py By Al lano
atcuratetpise drieegidesntadsiptisé pedoteomperisatien, vehiet mcludés way
HurE RO SRS BI Al SREnsieE sabs e by ErRiafnerpaton
for agEMhEtife parod STddd) asdnpég@t@&ham orergperrots. I i 2| ng
that informatio ﬁgtl tlrre eriod T

[093Rb end ORGP arteway b oy ey Bt]ﬂsi\eggr@b%entaﬂs pulse

h&G B @nkpthsufion, Whld?f EVipIdl §1theaROMIfat Rarping @ #neurdiofRaser energy
entails pul se ght corﬂrrﬁpensau on, whi ch enpl oys the
thAUﬂﬁ"QWeQéﬁ’???r‘gthé‘?Pgé‘ﬁﬁlﬁ WgFkPieg€er energy that is

[O'ﬁZHPWEﬂ thifd PRfSrddWay ghprb‘?ldtngﬁhdégfa‘f@bﬁﬁs enél%ﬁb%lénté’ns RF

hitd preferred way of providing accurate pul

wm@'vvgqogspeéﬁ@mn avhigh wtﬁl Rtk ineLaswich ﬁHPEH"B‘?]P%”‘P%m
ﬁ’dg% (ﬂfl%l Ehgrg?té%teﬁhttéd ﬁ&ﬁ|thé ld%@r &ﬁﬁtk%%@véﬂ 4 8Wnmy pulse

to be emtted fromt | aser CaVIt%th
e

isihigatede A aummmulwlss@fersed tqinerein 8 a Iaserduwaa crpitted avi

AR R et by d
extrarengrgy ifroth mercadntxsmtgafr@cww ichakging ye petad T Agesults in a
PR ehtich i oF B gL o1 g L1 e perfod Te

se energy | éevel of the desired anount.
[Q022P2] AXotidh ptdﬂerpecéofeprp\adlngfacpur@te plilegy eagrgiasantailslasas

enerqgi es_e S e ' ' j .
GBI SIS W SRS TRbOEng SEYLAGhy RlrpiIb e aser prior
tcptHem*mnsmon bta evoridsg pulsef Saleatimda peeghataterized|peotpingcurent

har r i. zed ing curr .
OB SR AT roLLERERE PaidsShe BREBE5 ar Bulife h Bising
niemm@ummaumesemmea el puise hasiahteneérgyclabel i treedésredamount.

of the desi 2
LG0R30 0 T iventien, s SR E s B Bekspude Rt plieo-puse working
|3t peisé enBidyS6r applikatitghs that ordinarily require randomly shutting the laser
pulse on or off, including applications like IC chip link severing. This invention is also
advantageous for stabilizing the working laser pulse-to-pulse energy of a Q-switched
solid-state laser that employs a nonlinear harmonic generation process to produce
frequency-doubled, -tripled, or -quadrupled laser pulses, in which the working laser

pulses are randomly shut on and off.
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| aser pul se energy for applications that ordinarily
requi re randomy shutting the | aser pul se on or off,

WO pabosiong applications |ike IC chip |ink severCTgs2005012517
Thi s inventi on is al so advant ageous for stabilizing

DOZAT Ehsdestoa s fivenosdus b MRS A plterfar s as fused

drmartmnd Qel@ﬁ[lﬁ‘fcﬂb)kl@@ (W@g ased lncthé pwﬂmw mentloned AOM Model

F D LY ehtiere it estrparenyieoBer wRwTEnal®s B aony

S?Eé'ﬁ'alq’@n@ roff fhe[LPP2ddctrlin to e 8R dURR dsSroddl 280 hADRRIS00 nm.
or térl cal AOM materials, such as fused quartz and

IR @ Areferrashemkegiment( th@dir%)or%&?am'sﬁﬁ@lwsotﬂg (werking beam;
HEWRVEP ?&%MM@%OH&@Q@QW kak@@e 6thPe Iés'é?‘bu@é %n@lﬁytcﬁ)es

transparent to | aser wavel engt hs Tn a broad spectr

nohaeese Areblemsh thep\eithpetherfiish ardersdhe rezonnder t@@m g@hbe used

af%ﬁﬂew&g,ggege O nm In a preferred enmbodi ment, the
irst or eamis enployed as the working beam

[802%v e Another advantageefit |§mwe@h@n isi thatlis progidies @alepgerasis and a

R T o e TR or o o3 Rl Tt PR taser.
[0826] as fuﬂleer\mwantage loé this inyenttRBlis Mred ittperforrds auchap@sepicking
] R PGP bl il B 9 A8 &I ARRZE BistuNfh Ber

ickin ul'ses on roma
beap'equxa||tyoand|ad)sathmrigsmturwer [0026] A further

AT Aol fboR A A ROehBri e R CATBadd e ana

méthbd orAehketatingispstemzaseti mjlsmstonodemamd haeing lstabie pulse energies

se Wi L4k ol ele g nd at high
iaatns G heiRe ot Brlpaie MkelBbhn dom e die ey 1Rra
RIPP & fertHigh- acui;racynesérqnloéeysmgmn@éﬂong mtasrméms@rlmk

épl ses on demand, -having stable pul se energies and
8% pul se widths at sel ected wavel engths from the

[bb‘28]0 Agaitiohdt a3pectdtanbiadbamtkiesoff tﬁfs nh\?@lﬂoﬂm%élﬁivparent from

aser ocessi n BE(I i cati ons such as msrmrgh

a6 TRl g SaTo e SARRHON Qs e e SPSIRRIG U BEpESeds with

rbfeéndeinend heoriidry ngearamggent fromthe fol | ow ng

detail ed description of preferred enbodi nents, which

proceeds with reference to the acconpanying dravvl ngs.

Br i ef Bﬁéﬁbéé&rpﬂ&n of thelTSralir@@i ngs [0029] Fig. 1is a

Eﬂ; schemal View of a prior art AOM device and an

[ Qirl i 1is ?aﬂaﬁtl‘ﬂ sohemgtic siew ofradriior aRdh@M devicsrangraieRF
ﬂ.@,qa ondi ng prior art

Qt?tl%r@npﬁrgné&ap Zé:? %%%rgaﬁdgﬁfggég rd}:"F?QIE’repu ses, and first

[8630]z e Fi9so2AD eorespendingBrgr asiiinieg graphs of laser pulses, RF

pulses, and first and zero order AOM output laser pulses.

[0031] Figs. 3A-3C are corresponding exemplary timing graphs of laser outputs,
RF pulses, and working laser outputs as employed in a preferred embodiment.
[0032] Figs. 4A-4C are alternative corresponding exemplary timing graphs of laser
outputs, RF pulses, and working laser outputs that demonstrate the use of the AOM
for energy control of the working laser outputs.



[0031] Figs. 3A-3C are correspondi ng exenplary tim ng
graphs of |aser outputs, RF pulses, and working | aser
woposme@s enpl oyed in a preferred enbodi nentpCT/08883/012517
- Figs. 4A-4C are-alternative correspondi ng exenpl ary

[Oé ig"epﬁggr é‘ﬁ?l%ﬁd %% %r@%ﬂérn‘éﬁ@@é@rﬁespeﬁdlﬁg|e§€ﬁ1pla§‘}nﬁmmr bﬁlﬁb of

enonstrate the uSe of th
RFenldsgwarwwprImhg laber auipyie that dgmoastsate dbe gynamiceontsy! range of

wo&lgﬁﬁ o@{}zﬂt gﬁer@%%ﬁ@d&ﬁrb?%éﬁi_)&@hﬁor respondi ng

raph ul'ses and working | aser
[omm]put:rgst 8416 Clanensaroetsc eenrn@errn@tmaj exemplagy megiegeling row

strraﬁ@gglﬁn\%@ gér%%o%%é@B %eﬁ&Ytlo% H%f‘ﬁé &&5}.91 f%%ownpg how

| RGTt i representations o
wEKieg sl YutpRiomgay Ibemkndcmuw demaotied o5 adinkiprocessing application.

[Oéﬁ{; %@ ﬁdl n%gﬁ rrgg ﬁlglglté{;il%gfﬁnggﬁ%ﬁi rré arBDrQ%rr%%Jd%ent of an

%éefr gystaml emoﬁnggleesﬁsm@nﬁpﬂriermaﬂy loaded e@:%]o provide
o 1 e LA APy 30 gy e i

seidBR PIor Remavatonsi stent | y ther mal | y | oaded AOM to
[OErOVi de stabl e pul se-to- er. ener

S8 a5 BpRsE AR aeoRRtye LpUBLeIRT RS BT G Bepyigh signal
ar{derfégulﬂhg lés@%@ﬂsefém&ted?a‘t«eaMy aRd a:hevéreys ppadeid\tiend intsrvals.

8 prior art Qswtch si 61 €nd T éc @:h |
(0B4EL 1 Fia SAnCHE piedespaNe AP HEPanab AR IhReuitn signa
aﬂd @Em‘nﬂé ?ars\éﬁbﬁlseé ORREd iriaBSordfeanith e spated amedntevats of

t1mng a prior art Qswtch si gnal

Figes3A an QBIO aﬁQer”b@T @Jw'@esﬁheteé@cr ff agding @ H@@Wﬁ?ﬁ t he
[O%Egﬁneq: géét ﬁgA'e%?\;dglE();Baér% r@%&h@étm% GaphSE a @Dﬂmfcﬁfdid”r%ﬁ and

of ul se.
reSuitjng laseApuiaes edtbisdneentien ;ﬁ@cﬁmlv@gtqmﬁ&gt am%rsmevsf ager pulses

&v@n%éﬁ‘? iy ng 6Ftgs. 'gpgaﬁ@@@ra'&'élﬁﬁﬁd@ﬁmwﬂuﬁse timing

or e trng constant energy |evel [|aser
cosideeatidng of thps oyenort he dummy pul se of Figs. 9A and 9B
along with dummy pulse timng considerations of this
i nvention. Det ai I ed Descrl ptl on of Pr eferred
Enbodi Detaitext P 2

[®5§Y\Izjﬁ ?ap%gg#cﬂ@aﬁ\}ew '?%S% g&l}é gg{rgé%%fngaﬁﬁlﬂgbﬁaghs of laser

odpats3ta- :zmmcbmamwlgl Iyserm%tthst 245 REQulsgspIdaedtk sofigdtively, RF
0
pibgs S aprien W RUMAIADHLI § 2GRk et Blhoulon 466400

4bé amar40i cadilectively, g/orK’oWg sensutpuats &0).olnt ;pamcsnamﬁrgzak shows

Lo 4 Pl SRS AR a8 GBIt

rdt€l @Rl lsépérake’usw Slibstemﬁblly ibeticsh|aserodtpul interyats 4a| In typical

eg@ﬁgganﬁgtﬁﬁ%@@ef o%%f@?ép%@oﬁggterr%g? Hntgle(%rom 3bSutPRHz up to

about 500 KHz. Exemplary laser output repetition rates range from about 25 KHz to

greater than about 100 KHz. For link processing embodiments, each of working
laser outputs 40 preferably includes a single laser pulse having a multiple
nanosecond pulse width. However, skilled persons will recognize that each of
working laser outputs 40 may include a burst of one or more laser pulses each

having an ultrashort pulse width, such as disclosed in U.S. Pat. No. 6,574,250 for
9



about 500 KHz. Exenplary | aser output repetition rates
range from about 25 KHz to greater than about 100 KHz.

wWo-0006l05T8K0 pr ocessi ng enbodi ments, each of wor kP@QUbAS®012517
out puts 40 preferably includes a single | aser pulse

ﬁmﬁmsv«sm AN METHIS FORARBICESSSINGTA WEI"{I’BWIENK WITH A

rsons wll reco ze that each

| |ed
FuksT Sk PR5ER a@Lm HANINGA ERASHOR TOPULSE WL vaTrﬂs avhich is
AREPEd R IaELG IR BPIIRRR, of B8 BPbhe BHIRF Bkl
ReNsSTWIGthENBNGRT fom mtnﬂmscmmo BMIRY 000 pKchﬂHdA
(Boit| Flo. 3630w dhpiereriddernfadrhont ora R bk scheme i that
afpleyssRbipulsee 38rseperatepby REputseintegvaisiBaa 32§ (@Ehencally RF pulse

|F£)t|@@%'§;%2 g&rﬁr?gg%féh%ug rgg%?rctﬁq@o%ﬁ) bc? El%ﬁqig Hanatlons of thermal

leartingl OMAQM A0 tawitRiA pprleassignextbmsratidRl thQBn@e?DS@MStoB‘Fance

LB SBERE AP W ool a7 B L D 55 may oo
a_ttamatmeiy balwigdovesyof syrot size N béamrpotsmoﬁ%balirabﬁ In one

t h d
e the Yool iHing VBt 07 s Ban B Wit Sk Aedlong beam
pointiag apewriaty s mhuata‘feéd Wit 0V 0sdanad. bhlb préRrred %ﬂ%ﬁdgﬁ@q at
ItoI era%%eb%g% € so or al iq(jrnatlvel be w ndows
4s18ng PR 99n6ratad i soAEsPPONG With @aghiser ﬁetth he
[00v1] rraWHeﬂédér@GwMﬂdﬁgﬂbSéHbdt;ﬁJtﬂl@' i biémBRgedMotik é;%/é taﬁget such
and/ the beam pointi naéaccurac is malnt a|

*?W Y CPRdyctye dipk p ﬁ'geﬁﬁbér‘r?e:nﬂms%%Ilse%mlledrﬁ@AQM10

mud)ﬁadé?r&el\ﬁtrgsmab t 94 S
output 24+ 10041] biut 94 SGéH MAPRRAMshMEPFToURRAGY 10 and

becorgesa sl g@ﬁeﬁﬁpﬁﬁ’g‘é“% target such as an
[mmtlhlmgalda/ HOBSHGleNRE bilkedSs bfe B fifths 380, B BBL S,

I|e i h col nci

aBG@BUtFIQz@% §B‘P1W$ H@trewltm@ cerr%ﬂp@nﬂmg emorkmg dasgh onmslma 40c,
490 SRTSDL e ok el i R el
lasgE outpets, 2B &F, pulsrs 3Bare apipted BCAONDIB int foncoiesidehcagith

0
SHRERERRNIES Rt DS S vt cebliEaubes o
an)RE@urses;a@hdwﬁ Bth I&&beBSJoamq)Bms Rig. SCREEWéMnB&vogKlﬁg laser
th correspondin
oaﬁg zgfcf s@r out pu s (%88?,5]}“@?8&% t he °P )
[0043% 0i The nmcoinRident REqRIIsES 38rare lBFefeltdbﬁﬁﬁfst%ﬂom&ﬁé inltlatlons of
at. no work

resieveiiver HAoud 2 o7 e Sits AT ol Bieanoi than ebaut 0.6

n’pmbmnﬂs Sk[llea&}soﬁb avilhapysreciat tHenvhiRRtiree bFssts 28 a#¢ Shown to
atigns of respecti

iR U963 By 28 Fimg OS2 coll etSinatyly Breseas fapsg eviputs 24

by banffiglzatitime.to prevent targeting of laser working outputs 40. Thus, RF pulse
intervals 32 surrounding one of noncoincident RF pulses 38 may be shorter (such as
RF pulse intervals 32b and 32h) than the overall average RF pulse interval 32 (such
as 32c¢, 32d, 32f, 32g, and 32j) or longer (such as RF pulse intervals 32a, 32e, and
32i) than the average RF pulse intervals 32.
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m crosecond. Skilled persons will appreciate that

while tine offsets 42 are shown to follow | aser
woniposme®R4, time offsets 42 could alternativebgr/us2005012517

precede Iaser out puts 24 by a suffici ent tinme to

Ki. 40,
RoSAF 10 81 63 MR R BB oo
BRetweeh mkﬁ@lasayo@tpu&hmctaﬂd 40ziLartal bBWEE’I WUHSNQ laser outputs 40d

in val s and 32h han t he rage RFE

1 90 Fesnsthis e cBalt he Soms s B3Ry 0, PUERENaT]. The
%umpmgeh@hgmermy G0aand Bléd wemﬁn Wbmrn‘gah§er3ﬁ@put§30a and 40c
and 32i) than the avera rgjclse interval s 32.

904 PetweeR AR lasar AUtpSH O ﬁ&ﬁ??FﬁVﬁgeﬂr@rrpu&% integer

hﬂ?t@[éé%ﬁhé@@e:a&ﬂp@qmewW@Fﬁg\/\m ing |aser outputs
Oc and 4(d bet ween wor Ki ngel aser outputs 40d and

W@é5l r ewte@tne\yew will apprestate thahevarsthaugh thewonkingdaser output 40
etar@f&auugfh%w@t'or&erlbeaﬁhgo mnhm'apelmaﬁ Isnbﬁémhksp%eessmg

etween working | aser ou puts 4 Oa and 4
thetwrrkingusek ioHtput 48 arayRe hezeryerdlenhenm @b, where leakage Is

t f th
RSt OEE A Yl SR PURIES S
wA§bnslnm prefesied resticslirpenth th@n@nommmﬁﬁm Rirgpulses 38
b@f&{%gr%@g‘abégt EsBFn%er# @ﬁé@ \Pﬁlcﬁ lig t‘F\E 6&1%& oP&ﬁEz‘Fz&wer

Icat i ons, 33|ng
valug ang ah &feduratiom tiut atsomypmeabdm tfzee$a:m© Rfepovwss avaiuegand

gﬁ@tghg gakage alﬂ, ligl erabl e and higher working |aser

power i s g&diranl e. [0046] In a preferred
Eﬂﬁéﬂl]}ll rfegd. 4A-4@ (calientivedle fiig. al;)ldhmnomespnndmgttlrﬂﬁg g s of laser

020 et BB i o i B B Fo R Al iS40 that

berhondteate aanAQMamm bdﬂ@dcﬂml?uﬁ@mpmiyed toy Z%MTI tredoutput power

Boupisol S Ao 40 R s iokBicel o, Eiadpa g shayn for

Gdirﬂléhi‘:en@g r?(ij'n@vs vng ?(s;) W?égoﬁﬁﬂulﬁs?ﬁg{wdgwmgg Iais@tr gutputs

RO U T P N L A S et B

e diinipdeedh tﬁém\waksm s g6r dbhtx&ﬂéﬁcéorhecerﬁargywamés of
entical to and i s shown for conveni ence

wer'gmg 'PP@‘SOU"B}BS %Hda@@t@newmby;ﬂﬁpyw legs REROWES L% ARY 10 for
?ﬂs&wm f8PRF p\msteb 3t3hﬁo\ﬁéverr RPPORE MrdtonBUSEE iRéteased

rking | aser outputs 40 shown superinposed on
f%é?rﬁ Pyiseradhoyer theddf f’@f@t'@'&ﬁ]%ﬂm@l?déd foriRF Bulspg)y8 to maintain a

¥@$§ﬂ§rﬁuaﬁ cwtismeroé@& Bf Rﬁtaow& §auﬂg anarpsp é\ﬁrtaﬁ&'ﬂﬁ)t rﬁg.nbam a

appl'y I'ess power pul ses

ﬁlﬂﬁrﬁaﬁt@ y Wﬁé@mtéwmloadwow pUI“é @etﬂ]'ﬁ-‘a@n 6ﬁ@aﬂQ
%@ct’idﬁﬁ%@ééﬁtg)ﬁ;ﬁmﬁg ol g‘ue@%glg?s?%etqn/\aé?ﬁ Wo?l@niﬁs@%@l‘ph%% or 40’
witheutznbstantigl vadargeeaintthgrmad leadingforRFONO 1R r Skilgdieeraoms will
%prg;eira?et f.hgpthte%ﬁ%\%la\i/d?ué% and RF durations 42 of the noncoincident RF
pulses 38 can be kept as original or can be altered to be within a specified tolerance
of the RF loading variation of the coincident RF pulses 38'.

[0048] RF pulse duration 42’ is preferably selected from about one microsecond to
about one-half of laser output interval 41, more preferably shorter than 30 percent of

laser output interval 41. For example, if the laser repetition rate is 50 KHz and laser
11



substantially constant thermal |oading on AOM 10. This

permts on-demand sel ection for a conti nuum of out put
w@owensTebet ween wor ki ng | aser outputs 40 or 40PCTMUSI05012517

substanti al variance in thermal [|oading on AOM 10.

oGS ISR 5 085 irbbecaBL 98¢ BliSe HiAlioh NS B POURIwhere

bawbémna&ucrme&mdl@mtteamcmsgmms dihe aainimm aﬁmﬂwdwretlon

4955 P59 e BpnBR DY the sk SRTE oG ol e BT ipe of
ADW 5@ AW a@r@agnétz% lmttk?(t)t)::@fap@bdmgs:gfefn; BE pulses 38nang 38’
U the 714 Agines g lesahouiies 28, Hidiisent ¥ pyBH b for R
fﬂfseé 85 ahd 881 BWe dél'éy%ﬁ\/cﬁbfféetlaboEObn@ham'pf the mrhlrmth'e RF pulse

aser repetition rate is 50 KHz I [ out put
dufﬁt'@m {fram the 1”'?'@'%(?@??5??%0@9&9(1@56@#%& z‘é duration 42

9] P& W&ﬁ&s@ edoNeeivenN € ;gnsu; ERGe Gnmam‘ellcdrlf!ﬂspondmg timing

oseconds. The m ni num R ulsec&Jatlon Sﬁf@?
gra@haé@ré?ﬁpnlégs BY apdavoridag jasgripulpulsi 44 1Rt dgnen %’ﬁ&afge
d%#agplﬁ%%ﬂf?&srﬁn d BFthewankihy ler blt:lt Uﬁerﬁé’r@i erable to

ate correspondi ng ones of pul ses 38 -and 38’
[6050] ounith mgfefemem El%oﬂrﬁta@d@ﬁ a|vgyelpwcﬁnew working laser output

4@5 kcgé(ﬁ tg‘lee%%ﬂérafeﬁ ftifglsag{p?f oér? RF Ié%’%é?#'o? 8 hedPmiHishurBof RP

or o utoehaf the m ni num RF
ppwbswfﬁmerattto PRt targetad profagatien @hww"\sdafr%wm ARg AnRF

ptjgg%{u@gt&%ﬁtﬁ cg‘émd[egtgé i lﬁgérgﬁit?@‘ﬁﬁ'}ﬁa yBe kept short to minimize

ernative corr espon [ n?
vafiationg iy REphuse iaterrits ;52|| anssorgsoramearevasidiciong! manseincident RF

40 .t h ¥ |
PPgﬁSg’%%% N3y @épgl ng gvgegrb%(gg't%%{g@nerﬁg%F 88%%5(14% may
b@@p@n@chtbeAOM 0 gisch that thadubh ofdhe BFyeriecgy loading yoridir Rulsgs 38a:

a8 Sl B e e Sy R B oDl 2Rl eABodient, e

%émme 524 BMnmmgagm B&m ayid mwan@elfmzerodo pdew
Oa- i . se duration 44
ateiorha SRR e A0 KRR ol b
rhergBy it a:j g Re @15%238 mgra;mf @p therRe pawleli aF:temnmder output 24a
non00|nC| en a2 havi.n 0
D GPTRS. SSRpsrRerRmS il S50 RRPR R A Bl O Ay precede
I@E’Bhlb@ @8£Pm§@éﬂi WicHeaht. tSalled fsenswitfappleeidi-thatdug o the

| oadi ng for RFMpuI ses 3Sal and 3%@2 sub 5 ntia c“# Is 32
thefml rerimer APMRD, smal difipserices i K Jpiefal pagr and R¥ intervals

mgeg% Zetanytnlﬂ@arm{g’f@%eﬁﬁ%a%@ RehHeeftomthe pbmeef Aéwiof

a

can from zero to a few m crosec
dsteniaratiprehthe lasenpeam ayplits @nd POINtIAG ACRYARY)| BEidiagy. the RF
iftafap 832 cSﬁBe g'%pf@ffﬁlﬁ‘&wt il t6 RFGhnf3s B2 teMaittaih Ratiations

ranps up t ower a ter | aser out put 24a

io dimayimet @admskqm A M 1evidhina RipassignedPrerional taleéafi%atThe
<§|: ir4 lngﬁcf&ﬁ@ﬁew | RISE 888 BT b?%a”?rﬁar%%&'at ItQéFl%ﬁéi R¥ pulse

persons w reciate t due to
duration 44b and RF power value or it can be modulated in the same manner as the

set of RF pulses 38a; and 38az.
[0051] Figs. 6A-6C (collectively, Fig. 6) show timing graphs of the target alignment
position 70 (also scanning position 70) (Fig.7) and the working laser outputs 40

during an exemplary laser micromachining process, such as laser processing of
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thermal inertia of AOM 10, small differences in RF

interval 32ai and RF intervals 32 wll not cause any
woremeosmgéall t hermal | oadi ng variation from t heP@DUSZ005612517

view of deterioration of the |aser beamquality and

poi nting accuracy. AccQrd t he eryval

el G50 Requchus ks Sk GPRPICEIY (5O G, A/athowscn ygical

nrmlbahlaeﬁ h%@hb %%mp%paébd IFHRE B8l thatere icrassed iféRtddirection 54 by

wi thin a preassigned _gperational .tolerance.
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may propagate through various optical elements (not shown) in addition to the fold

mirror that is shown. X-Y positioner 118 may also include a Z positioner 123 that
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[0055] Laser controller 134 operates timers 146 in either an autopulse mode or a
pulse-on-target mode. In autopulse mode, timers 146 start in response to the control

data in registers 144, and, in the pulse-on-target mode, timers 146 start in response
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aser out rough i nce
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f()%'gtlf OI'IlheedRF loading control techniques provide nearly constant thermal loading

on AOM 10 by applying an RF pulse 38 to AOM 10 in coincidence with laser

output 40 when the positioner 118 is over a target or, in another words, when a
working laser output 40 is demanded, and by applying an RF pulse 38 with the same
RF energy to AOM 10 but in non-coincidence with the laser output 24 when the

positioner 118 is over an intermediate position or, in another words, when a working
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[0082]i ntRufersing agaiodo Fige 7pairamdgoly ﬁmed[lme}/smrmwfume invention
o at%—:‘ztgf l'(Iel(siron I%l 898! In%lc v%lnﬁs %yétgrsne{ 10 & |c'ﬁy|n<9udeasvb sw1tcﬁed solid
state IR laser 126 and AOM 10 to selectively block or unblock the laser beam from
reaching workpiece 120. If, however, the workpiece 120 processing application
requires laser pulses to be delivered at time intervals that are not integer multiples of
a uniform Q-switch signal period, some action needs to be taken to ensure that the

energy per pulse is within the desired tolerance. One solution to this is to use one or
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1he laser cavitytisnet egﬁme@tgy discharged when time period Td beco

Energy built up in the cavity during time Td is only partly discharged by dummy pulse

mes smaller.

184. As the cavity then charges up in the interval between dummy pulse 184 and
real pulse 168, the amount of energy stored in the cavity is greater than desired and

energy level 186 of real pulse 168 is greater than expected.
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levels 172. '

[0070] A fourth preferred solution to the incomplete cavity discharge phenomena

employs laser pumping compensation, which entails reducing the pumping current to
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at runtine to determne the tine period Td val ue
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w@eoenstces a predeterm ned pul se energy val ue BOBURINS/012517

each predeterm ned pul se period Tp val ue. Preferably,

ime period Td is sel ected such, that | se er
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HPMNg eguirRmeRts fedunss q@%fﬁ&% ﬁg%&%rah builgiPdn tf&#agﬁggnw such

{rfat e Emittél ré AUl Nes Hh Eriergyevel 17af 1B@.SEH1 98Ty dédib
is allowed to pass through to workpiece 120 as

aewunt, Méichdp prefergbhsubstasiialyciae same; assenaloleyels 172h; s
gdldzﬁff awnyﬂ%aﬁabw mﬁw&ssma%ie@ﬁ ig%atqm%ﬁsased

or collecting a data set including

workpigerprRFgssingnayStenp car autematigyllydateratne s lagrr puse energy
Wil Ebtrekflon Ftfor8fedlish ek OF NEN L sfbterf Mg ahicset puise
eoeg9]measurémentpr ef erred sol ution to the inconplete

7L SR OB AR R s ot M on e,

pepleme nf2oi(ifferedilynirgm e epldbentationd describediaboentar preferred

enerqgy to b ] f e Acavi

gttt 18be b6Ylond RIba AR HGER NS S REEHE chapoes
alaybdoinadd exthieydetdils] of the dtoveadescrilbkchembodimeatsiwidhout departing
i.ncl udes .ext.ended .ti e per.iod 200 for discharaging .. :
et BETReBT PRkt RE oL BB ipiPniaRs ThR spoRe GiHAR BlRnt wention
BROUIGkhéforehise tietermipedionly hethedsllowigeingil se 194 and
real pulse 198 results in an energy |level 196 of the
desired anount, which is preferably substantially the
sane as energy levels 172. [0070] A fourth preferred
solution to the inconplete cavity di scharge phenonena
enpl oys | aser punpi ng conpensation, which entails
reduci ng the punping current tolaser 126 (Fig. 7)

prior to the em ssion of real pulse 168 (Figs. 8B or

9B) or real pulse 198 (Fig. 10B) . Selecting a
precharacterized punping current based on pulse timng
requi renents reduces the rate of energy buildup in the

| asi ng nmedi um such that the emtted real pulse has an
energy |level 170, 186, or 196 of the desired anount,
which is preferably substantially the same as energy

| evel s 172. [0071] An advantage of the above-descri bed
techniques is that the | aser-based workpi ece

processi ng system can autonmatically determ ne the

| aser pul se energy level correction factors required
based on internal systemtimng and | aser pul se energy
nmeasur enent s.
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[0072] Skilled workers will recognize that portions of
this invention may be inplenented differently fromthe
w0 npbesmeat at i ons descri bed above for preferredPCT/US2005/012517
enmbodi nents. It will be obvious to those having skill

in thecﬁé. t hat many changes may be made to the
det ai | % he above-described enbodi ments wit hout
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| evel that is substantially the sane as

ener gy dlewiag thepehaf fitst irser Rulseraemthe thisé lasgupulse to prippagate
toRE Won@iddae wor kpi ece; and allow ng the set of first

| aser pulses and the third |aser pulse to propagate to

t he workpihedgeethod ofglainydt fyghedinclgdiagm 1, furt her

i ncl Ud'd@ﬂarmﬁﬁ’ﬁqeé ?%I?ﬁc?'gp@tdag%] g%ﬂgé&@?&bﬁngééte of fifst energy lovels,

associ ating se evel second
sesord energlidevelss @od predeterchinedtirses;aamd sel ecting t he

q o . . z 3
T oL SE R TR A R LT ol
i ncl ud8s Taetreethad iohgainhna, ieyvdwi@ythleeaﬂeWirtgffutthm |tr1]¢1iédek attenuating
, 0

83 FEi bR e B0 8059 356 Bfareh T ¥ pog e
inglgdiogat i ng sets of second energy |levels, attenuati on
20t ne R 5 bl SReoBgh Sl oy
lpveds| edtienuativecfatfors; and peeditéranined iirnes;fanet or s t hat cause
first SRBFYY Fatidne ffstonsforiars ol ahicast tns ShMe phedatpranined
tinhes @rlicemiuaﬂm fatdre thadchiih thaRdcand eMérgg levertotsubEiaftally

| east \(/)r]e of an acousto-optic m)dul ator and

E‘aﬂ‘r’ab{?‘éé Fstsopteycieve

4. The method of claim 3, in which the preventing, attenuating, and
allowing are carried out by at least one of an acousto-optic modulator and an electro-
optic modulator.

5. The method of claim 1, further including setting the second laser pulse
to a predetermined pulse width that causes the second energy level to substantially
equal the first energy level.

6. The method of claim 1, in which the laser includes a Q-switched solid
state laser.

7. The method of claim 1, in which the blocking and unblocking is carried

out by at least one of an acousto-optic modulator and an electro-optic modulator.
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nodul ator. 5. The nethod of claim11, further including

setting the second | aser pulse to a predeterm ned
w@sesweat h t hat causes the second energy | evedT/US2005/012517

substanti al | y -equal the first energy level. 6. The

nmet hod _of_ cl ai i.ch the, |l aser
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linkser pul se. 10. The method of claim 1, in which the
wor kpi qqe A r‘ﬂ%}h‘é@eo? f&nﬁr?d’f?érﬁbéé%r'phl%bs géﬂreraﬁedTW Aedswitched

form ng rom | aser pul ses generated by a Q sw tched
lpsgrenavityne |str§>ara cétnpemﬁ%mlyﬁmﬁﬁp@cw yorkinglagesputaetnulses

rgaﬁ;skmgr egb%ﬁarrg;@sv'cea\ ﬁssh tantially
constant pu sye energF I'SI n serting dunmy
| aser @'meplm Gumi sasien odtput ml@eﬁj@@r@me@dw gtream of nonuniform

mg%w [oRE M Bufil P BUIBESE AT Bl ooitioRtd ts{?ée‘ééﬁgzila:sﬁlé QL&

a co 03| aser puls
¢ratted bqalvetagsercmmtypdum ng dumw | aser output pul se

Conpeniri}}egcﬁag@ d%rﬁnyklas@'rl 5u wt Jfbl% ? Seﬁér%%ﬁgn fbolﬁ'ﬁﬁ\étﬁigﬁa{

tolera ng outp energy vari
m‘easwsigmmaﬁgnatmmralyqelaeergyorﬂir@cdwqepulmcamrg)emriation error
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GREILY e Facef BnBnalieurito ERGhsBRY o e
dmmmly | bumuppblsasammtﬁeh&oimbmmnb séarestmeighboring laser output
YURCIRINL SRR 2 WY T ARTE L
puI ses sefecivdly gdlmgathétobﬁﬁbﬁﬂsmf L2z 10, Ioﬂ@sélamﬂsemtmd\tlde a stream
uI ses havi ngt subst anti
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I OrE S AR RGIL YRGS NAYES S ST L o HET BrGra RO
¢driiapah@ing eS8 ihRRGEd Stéd bf REMERBrmIkZimeltisplaBédREendutput
claim 11, in which each of the dummy and near est

Mﬁ%borl ng | aser output pul ses has a start tine, and
in whi ot HERBY of 8k 11, in which each of the dummy and nearest

neighboring laser output pulses has a start time, and in which the dummy laser
output pulse compensation includes introducing between the start times of a given
dummy laser output pulse and its nearest neighboring laser output pulse in the
composite stream of laser pulses a delay that diminishes the interaction to an
amount that establishes within the preassigned operational tolerance a pulse energy
for a working laser pulse occurring after the given dummy laser output pulse.

13. The method of claim 11, in which a next succeeding working laser
output pulse occurs after a given dummy laser output pulse, and in which the dummy
laser output pulse compensation includes, by operation of the selective gating of the
composite stream of laser pulses, setting the energy of the next succeeding working

laser output pulse to a value that is within the preassigned operational tolerance.
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out put pul se conpensati on i ncludes introduci ng between
the start tines of a given dummy | aser output pul se

wa@naeismemear est nei ghboring | aser output pul seCT/IS1008012517
conposite stream of |aser pulses a delay that

di m ni sdesTHehRethod ef slain oM, ih avhadh ABRMMY A8Er output pulse has a
$ b|IS E%gén t he preassi gned operational
rfh, Bd T whishdae diBmyya3es outplgriseirgmpesertiqningudes:

occur r isetlingfthe Buhhg 18éaf it ﬂUbée'd@ﬁé%fonQHtaR}éﬁueotHEts ses cavity
13. The nethod of claim.1 whi ch a next succee&

SRSTY Agchalge suibceplie p;saw%a&@émcgpws@ enersyg@r\@nemmgeedmg
WERRG 1838r Ridtpu? BLISE ocdllfing Bfté‘thﬂwﬁg‘! Hh%()@'émuté llse; and
out put Bulse conpensation i ncl udes y operation of

t he sel° 6@*'0@t%%@'@félV@fgat'th:Qfﬁp@ﬁuIm@usom ebtire slumnayskaser
dUih RSBis &Eﬁl succeedi ng

vvoé kleb;?g eﬁﬁi@%&geuﬂﬁiﬁgﬁf ea?éor a vaI %?ge?hat is within

t he preassi gned operational tolerance.14. The net hod

of claim1l, in which the dumy | aser output pul se has
a duration, and in which the dummy | aser output pul se
conpensation includes: setting the dumry | aser out put
pul se duration to a value that causes cavity energy

di scharge sufficient to provide a desired pul se energy
for a next succeedi ng working | aser output pul se
occurring after the dummy | aser output pul se; and
operating the selective gating to prevent inclusion of
the dummy | aser output pulse in the stream of working

| aser output pul ses.
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