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PROCESSI NG POANER OUTPUT STABI LI ZATI ON TECHNI CAL FI ELD This invention

relates to | asers and nore parti ‘mmm“w““m nmet hod and an apparatus for
provi di ng uni form energy | aser pm gh pul se repetition is
frequency ("PRF") in on-the-fly specidame+ processi ng applications.
BACKGROUND OF THE | NVENTI ON Lasers are typically enployed i var | of

i ndustrial op¥ &4’¥s i ncl udi ng i nspecting) processing, andnpncfré%%g))%%% i ni ng
substrates, such as electronic materials. 20 For exanple, to repair a
dynam ¢ random access nenory (" DRAM | | aser pulse is used to
renove an el ectrically conductive MEIEMI@MMMI ty menory ceil of a DRAM
device, and then a second | aser pul I O renove a resistive link to
a redundant nenory cell to replace the*f8&*ty nmenory cell. Because faulty
menory cells needing Link renovals are randomly | ocated, workpiece

posi tioningsdelay tinmes 25 typically require that such Laser repair
processes be performed over a wide range of PRFs, rather than at a constant
PRF. This production technique is referred to in the industry as on-the-fly
("OTF") Link processing and allows for greater efficiency in the rate at
which links on a given wafer can be repaired, thereby inproving the
efficiency of the entire DRAM production process. 30 However, it is well
known that the | aser energy per pulse typically decreases with increasing
PRF) a characteristic that is particularly true for Qswitched, solid state
| asers. Thijg energy per INSRFePROCESSING POWER OUTEPUPSTAHIREZA7IGNe for nmany
| aser nmenory repair processes. Mreover, nmenories and other electronic
conponents are S AYEESRFCAL factured with various processes each
requiring processing by a particular range of pulse energies, often
referred to as a " prdidisimventiodaelates Eplasersagd morecpayticidarc®sa tnethbe afijpsrocess
wi ndow' requires that laser nulse.energy vary by less than 5 !o froma

sel ected pul se eTRBRGEPS\Of Ugyﬁglgmfgpn "ﬁﬁé?@grl*%%sgsPgﬂgﬁl\%‘r‘ﬁedﬁ%ﬁ“&ﬁﬁr oaches
for ensuring opefajue PRETYin 3nitheXfl§ Specthdisiotedting QpplRRGAIsNg Up t he
process w Egow. Iggdr gé}a(\r';gl e,) uU. S Pa?.ﬁeNo. 5, 590, 1%1f,r1zor METHOD AND
APPARATUS FOR CGENERATI NG AND EMPLOYI NG A HIGH DENSITY OF EXCITED IONS I N A

LASANT, which is assi @'@‘ﬁggﬂflﬁd}&s application) describes
solid-state | asers ha@i&agg(}?lg)sgn s?ﬁ:sL exhibrting a reduced pul se energy drop
of f as a function of Pistrsangiypichity ehplopdd in awagiatyrofliadiskrial BpEratiGhsdhclidiagr s
are) therefore, ﬁ&?abl e of generati ul se .ener | evel s, when

.stab .
o at 0 Dol ou @ TP n RRseA HRER ko gnash B AT, Soch BeleHrgn doerialy

appl i cati ong typEsAédahpRIR RaiP @ AlyhirRi §iflohPadcad intYory QYBRAM'9ES fik08aLd ONS
on a wor kpi ece through a sequence of programed 15 processing positions.
The nmovenents of Pelpreispsed tojremaye awlcgtreally copduchye Hak 1 afawfy apeaory ceil of a

asynchronous,  eg Ay %QYigév%{nﬂg%énQ SSHGRA l%gl_%@ifi B td fﬁn%@raar&ﬁgiv@ 1R &7

node havi ng an inherent e range of he resulting w de range of
i nterpul se peri odslundans memony celitp oeplaceghg {aulty niemopy calk  Beausp/fauly inetmogns

and indefinite pulae firi timng) which |eads to ipaccurate )Jaser pul se

posi 1 oni ng. on aceiberis Bk berora e Papply To5sied. BRrPE Poliipmad el Fipes

RADI ATI ON BisAM P@hc‘ﬁh@&qﬁh@uﬂiﬂs&‘ﬁ' 163¥r EépalriprOtddeS e PErTARNEd oVl & WvideSraagé bponed
o) or

to the assignee this application) describes a technique f .
synchroni zi ng a PREskrathenthapght peistant RRF p ddis predustionjtechnique i refested te indr

that controls OTE !,eﬁb' O i . .
| aser to emt puI'%dé“g@f %\s @%’gﬁl oni mmgﬁg?@‘? gﬂ&ergﬂé‘gsefréﬁ%%g%t% gﬁcééél (ragléﬁs b
target |ocations raeat whichvinkporez gives wafee logn berpepaived) ghdrelsyeimpraviag the efficiency

positioning accuracy. Th gR e-descri bed | aser processing applications
typically enpl oy 9 H?ére‘&F'E’SD %"’50(31"%f§°é’r9§°??é§/i ng 1,047 nanoneter ("nni) or

1,064 nm fugglament al yRWRV&N&L§Sell known that the laser energy per pulse typically decreases

with increasing PRF, a characteristic that is particularly true for Q-switched, solid-

state lasers. This energy per pulse roli-off limits the upper PRF range for many laser

memory repair processes. Moreover, memories and other electronic components are



Applicants have discovered that nany | aser processing applications i3 AL yi5
i mproved by 30 enploying ultraviolet ("UV') energy wavel engt hs) whi B are
typically less than 500 5 AUG 2003 V1'0 00147361 3 nm Such W

wavel engt hs may be generated by subjecting an IR laser to a harnonic
generation process that stinulates the second, third, or fourth harnonics

of the 1R laser. Unfortunately, the pulse to pul se energy Iel\,/cg1l/§ Otafozssgch w

| asers are paWVPi®dPdrly sensitive to PRF and interpul se perio V%t ons.

5 What is needed, therefore, is an apparatu2 and a nethod for generating
stable UV | aser processing pul se energies at a high PRF in high-accuracy

OTF | aser processing applications. SUMWARY OF THE | NVENTI ON 10 An object of

this invention iganutdoeref @itk vaticusprootsde cidh raqlifdag prddasad b0 4Hieasr range
processing systemin which a gr ocessing control system causes a solid-state

laser to enit |iofipulspemergiespfiEndeiseret (9 8ia rRjossisardors” JORMaEY MaRadent of

the light pulse &P’)cég? N8, rh&ds @lvintB wh FeuittP FHAP 128G SR Jnlé‘ﬁg a}a%’?@fy iengxgg%‘/? n

target | ocations for processing on the workpiece) a net provi di ng
| i ght pul ses of fuomhotlested phlseeresgemadugy t hat serially inpinge on nultiple

target |l ocations intended for processi n_the rkpiece. conprising:

initiating & worKkpi ei’g'oﬁ%oﬁgg g%‘ga'l t%%enrﬁ) Q %%Ppé%aﬁ}é\gsa‘tgge H"P%QB%H%@ Y"Bg{“l‘?e

processi ng cont rgbcesy wiridweorsfer bgehingf up @8 prockisalindow! For exingsié, NS, Phar. ao.

aut opul se pul se repetition rate; blocking the llléfght ul se em ssions at the
Tw thgN

aut opul se pul se 1-8¥b141 fos MEFHOD: ANR FRAEBYGNDswi t chi ng
fromthe workpieg G¢RiEP DY Igg@gj ﬂ«%? j o N in
whi ch t he proces%ﬁgggcﬁﬁ'?fél system di rgzﬁgxféo g@ﬁﬁ Bo%ﬁﬁéﬁzé%ﬁg:ﬁﬁgm a
pul se position casighed tozhgasignedof thiseapplisatidinalesarities isolid-nge taendiay g lasansov e
at a positioning rate, the pul se position contrqgl sign representing
spaceq-aparlp Ias@ﬁh‘bﬁtﬂg.s%reéﬁg@ﬁ e&’mﬁ%}’ %fgé"rﬂ &tie Ogﬁﬁég%hapfvge-t%

wor kpi ece t ar get p;b e LiRd PREN Gul 148ts GRE tieddibreBslaBlefof| gofidthliri Rore it Ween
successi ve workpi éce target |ocations, and in which the processing control
syst em causes t hpulieamergyl levgis wher eperased below theiramaximuay BRE. | ocati on pul se

titi te determ ned i nci d het the | | i SSi
Command coor di nat es. dhit SRRt P EapE ha bR e RN ftloy Baflip "
| ocations as t hehagillyl Move @rgeRIBAIVS Bh AV Rpiade thishighASkucatd 6iprogtagimeand

transmtting the laser light pulse 30 em ssions when the |aser pul se,
eni ssi on cdAMaNdPIOBSFEE RAEIHENS: of HfcmawemGnis Pl theepositionsr anddhe lser Rylssaiming@te 4

t* CT/ L' S00! 03a8- Jo i &mue%q&ﬁ;ng hsel AR 3OOt \SPetitSh 4 OFkInRSe having
transm ssion of the fraser | 1I'ght “pul se emi ssions to provide, as a
consequence of caminherandly yidpenangeaofi PRES! | Thiet resnitingewisiei range of snterpulsh periods
aut opul se and target |ocatian p r Lition rates, t.h Lght, pul ses of
uni f orm pul se en%ag’(jv °t°5'°f%°é’%\'ﬂ§r‘1\<j’|!ﬁ%§% Sl?%‘r"{j’é%y Y%‘(‘:‘g'fg’l]so g ‘“%HR“%PEKR?PEW&
solid state | asefimipewhichSleads 16 Gmipairatkilasr pilidpositionirgeony werkprbélg cont r ol
system t hat enpl oys an autopul se node and a se- on- osiiti on nod

ul eto
stabilize t3e pul se- tdepudingly, %%r?”ép@?g%ﬁ%g%v@ﬂ’&“? HINGBEAMBRQSIHRN on
a wor kpi ece that A BRUSSION COMRBINAPRIN SYSTEM!Syifth RUiERTE YR astiBRE of
pul ses are emtted at or near a maxi num PRF) but the pul ses are bl ocCked
from reachi ng t héhissappkipatiome desgribes 4 @chniquerfonsynchngnizingor glockubht coptrals the

- [ dul, " AOM /' - | dul (al f d
[o as & Pocket o EHEP Pt bl eos T SR SRTR DA il SRec 2

pul se each tine khRhrMsled icRIRRE allow B2 1aser V@ dnifit Pulses! iR GRRcheThisn WaH Pasitioner
coordi nates that coincide wth a conmmanded | aser beam coordi nate. The
processi ng ¥ont r HovementsAcTRs 1aeet losatinns Pp thenwerkpiece, thaehy impraYing laserpules t v
t hat causes tri g%gi{i&gnrégcﬁ% acyNe laser at near the maxi mum PRF in response
to the workpi ece passi through a regularly spaced apart set of commanded
| aser beam coor di nat e¥he dibevegithaibe lasceprocessing applicatiorsygpicallysemtdoy indrafédVl t o
a transm ssive st whenever l.gcation tQ b r.o sed is conmranded and
sets the AOMto é%eb'e&?fﬁga%‘f‘&?é"‘ Lt (amf‘ﬁccgt]i'@%f% ’ldﬁmﬁB‘apY’BFi ‘is
commanded. Thi s pifpiantd RAVRQidcBeREd HdEmBAYMEA PPoRsHIRRARYicAIINE QR ShPRdved by

i nterpul se period fpor the |l aser, thereby stabilizing its pul se-to-pul se
energy | evedO at templayingrultraxioletiMUPED engugy avelangtse vofich are sypically dess glan 300
that it generates stable | aser processing pulse energy at a high PRF in

hi gh-accuracy OTF | aser processing applications. Another advantage of this
invention that satisfies the above object for OTF 25 speci nen processing
applications enploying Wwavel engt hs. Yet another advantage of this
invention is that it provides stable pul se-to-pul se |aser pul se energy when
processi ng wor kpi ece features that ordinarily require near random

i nterpul se peri ods.




- '5 AUG 2003, WO 00137361 t'CTIUSOO Oz3R3 S A further advantage of -tﬂ]mmﬂ"
invention is that it stabilizes the pul se-to-pul se energy of a Q sw .
solid state | aser that generates frequency-doubled, -tripled) or

-quadrupl ed | aser pulses with a nonlinear harnonic generation process.

Addi tional objects and advantages of this invention will be apparent from
the 5 fol | owiRE sk | ed description of preferred enbodi renpsribaieal that
proceed with reference to the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a schematic bl ock d|3agr am showi ng a wor kpi ece
positioner and a 10 | aser pr oce55| ng control systeminterconnected

according to this invention. gl is a process flow di algram show ng the
functional stepemcdpeh HY Wauelengthe may be goRetedRY £ebigrtiogiandR dasgblaga harmonic

pul se-to-pul se I t S sition
Processi ng modcto R R SRR PR BB R AP BB R e

shows a | aser platese Unfansselynghepultertolpulsy sherpy k@elsfof tsihsUVriasergdaren i n V\/m ch
a system control c control . computer 14 coact to
control a beam P3¥ nseﬁﬂﬂi'er@rﬂg'aarfd"ieﬂﬂ‘?scrp&@? VBY3UPRS; i on i nfor mati on
froman X-¥ positi OnWhatJIBnéd’d&ﬂ tBérsfokd, G615n appaRinkeRindGemeflod RJragEhé/rﬁuﬁgDs@mUV

| aser beam 22. W | aser 20 beam 22 may prop agbte t hr ough vari ous opti cal

el enents (not sHYWAYer Precessingtnubs cﬂ%fgteﬁé”FBlgB RE indhigh- Pﬁﬂlfaﬁlé OFolaser X- Y
positioner 18 % ab;ﬁ&k@qﬁ a Z positioner 23 that nay be coupled to
either the X or 8e. -Y positioner 18 is preferably based on a
positioning systemdescribed in U S. Patent No. S, 751,585 for H GH SPEED)

H GH ACCURACY MULTI YSTEM 25 which is assigned to

t he assignee of thi s%ﬁﬁ%%ﬁﬁ:\% exanpl e of a laser pulse .

processi nggeont rol  sysbeekcofithig Mvendddis, Ltﬁ@remr& hog)‘i‘%ﬁdé invaeader ¢ %asédswé&ﬁleé@de'
y

9300 Menory Yield |nprovement System nmenuf act Ur e El ectro Scient
| ndustries, | ncprogéssigisystemadn Wmcbgcmoccﬁémg contiohsystempeausdsi assaligplatcaséran. A

W | aser syste I ed solid | R, | aser 30
26) such as a dF’BgePB r!r"‘;iSe n&'a %ﬂ%; Pea ﬁg\% &m%"ﬁ%a“f\ﬁ}'?i?@zﬂé%er an
AOM - 5 AUG 2008mihM@n.Oﬁlaﬁ?8&>1a &o%ﬂcﬂﬁﬂ%ﬂ@ﬁﬁ&nﬂ&gé on targt Weatibrizdot he IOUI Se
anplitude of IR |aser 26; and afrequen%i mul tjiplier 30 for converting the

infrared wavel eRECesSEgio8heWerkpiesena meth %ﬁpr%‘di%tléﬂl’@ pPulsas of yaiferm pylse

wavel engt hgs by

conver s ontpr 5 EXREL Al iy, iheh AREpIacsk oflions iR o} el Gn
frequency 5 mnul theperpie@O compiisiog:c mitéting g qumlmmmpmaessm“modéx@/lg&krabmm
in phantom |ines, el éler errbodé ! ltg a | aser cgg‘t{ﬁlg#‘er 34 controls the
transnissivity 678"%5%‘? © FOSSRESPIRLYRCE L5 8 GRYSe gaissipasyat an
directed towar datiopkis gie rEBeutiSusitemlﬁmiﬁgr tht lightuldesmidsions QN URGI0PEISOSS a
bus 36 into enbedded contro nputer, 14 position coordinates of workpiece

20 locations reguise F‘?P@“‘F%‘s’é?c fRf“ APBiagiag op dhe vorkpiegs; switching Srom theworkpiece
processin ppl i %ﬁkg T il iah r Vi ce
structur egz@s uc 5 b% f)lkoﬁf(goa%heb€ﬁtlsdggns§ gf whi grﬂ%@;‘ﬁ??g&fﬁg‘%eéggﬂﬁg.
The | ocati ons r eyém ﬂng:mmhepes:ﬂuguwmcquﬂmm@Nsecpoamonamyml slgnabmams$esand
the locations ngt re UIJ‘I&%B gre Lefer red t i nt er.nmed

| ocations. Embe f eﬂno §0P(?§1%98m§ &y lelse pgRten 69{‘“0?

coordi nates 15 lsighﬂrremmtx %kmad-apm ls@epdka&hasnohhamnaﬂ@c&ﬁaﬁm@s apart to
trigger IR | aser 26 at near ual time intervals. Enmbedded control

conputer 14 con¥eiyespopding &ﬂ@tkptfﬁ%i‘amﬁ I9cAHRRS #né Woskniece dpieprdiate losationsone at
a time at gspr e%@ﬁfé&q\é&g v@t\%rﬁﬁé&%a':‘rg@l lgé’al"ilgﬁgsafn@ in %ﬁcﬁqﬁé oé&si cBREN

position controller Si mu aneously | contro a acr ss a bus
42 to regi sters systern gasesthe lasentight Iphilse emzsswima q)uaegd:eicxeamnnmdlscnapmt@ﬂ rate

I h 18 dth dat
i cat & whet nororrEed B Bbmate e Rl bRy s gatisRtenmiin gopie”

processed and f unll e workpiece target and workpiece intermediate locations as the positioning

o

mechanism moves at the positioning rate; and transmitting the laser light pulse

30 emissions when the laser pulse emission command coordinates coincide with the



i ncl udes node and timng information. Laser controller 34 operates ti r@il% .
46 in either an autopul se node or a pul se on-position node. In aut obu:i 200
node, timers 46 start in response to the control data 25 in registers 44,
and) in the pul se-on-position node, tinmers 46 start in response to

receiving a position coincidence signal 48 froma conparator 50 in beam
position controller 16. Position encoders 52 in beam positi roller 16
indicate to c‘?ﬂﬂﬂ%(?@fbr 50 the current position of X-Y posi tﬁ%r@?g&'ggagnd
when the current position matches the positfon coordinates stored in

regi sters 40) position coincidence 30 signal 48 is generated indicating

t hat workpiece 20 is properly positioned over a 5 AUG 2003 WO 00/ a7361 7
FCT/ USUO U 33l ; awdripieettaggesiotations but ogherwise blockulg ataespivson phHihe ldsec tiplti puidey

i f workpiece 20 has,beenpllpos' tioned over aft ar et!@posi ti.Qn)l. Biwrr‘grs 46 .

si mul t aneous|y SPHIHIE 1} é"’@’s%at‘iﬂ’?sqqﬁf_"}cﬁol GERPU2Y ETTAOE ARG ZE raisgons
transm ssive st af g eUifdphisé ad/ Gl estRni palserbptditioR fatksS tkOIdHR pBRed bOMifoREr S
46 to enbedded control "conputer 14. The transmissivity of 5 AOM 28 is
preferabl y cont rulsezhéray sesthejwaikpiccg targeidpcatignsse gati ng device or as a pul se
anpl i tude npdul ator. ,TRAE ATerseil . it f l.aser
system 24 directly déb‘p ﬁsc‘f}sm{é%ie ohgs%{lfllgsgf t(3 g‘?r%)%%/lsrle&\éﬁé? gé/ﬁpgd\}&aﬁéga%wcls%l?" of

| R | aser 26. To comedl syktern tha @mploysrem tytopuise modecandud mulsepai-pasitidiahodeio
emtted | aser pulses is m=11de egpa&ﬂ.ﬁ This 10 reduces thernal and radi ant
effects that V\pLﬂ‘@‘lHFH@rW LHOPEIE AT e_la‘%‘ ERJWS%@EF'&W&W HVPHRicce
arising from firhfds Bvid8yes pefidhbr VA thé Bllopflleinbid, SePRlAURe et at BET M
and radi ant effects can include changes to the refractive indices of the
nonl i near cryst aiesr a maxineiny PREdbut yherpplses arediocked fimine teachjng the dv drkpiese byan
har noni ¢ geperation, whi.ch causes |ar varj.at i in, fthe.harmoni ¢ out put
ener gy. Sui‘ﬂ 15 M(’dgﬁ&orrﬂlﬁﬁ%?n @ﬁ%@ghwﬁ'ﬁ%?cﬁ@e?% CHEPRAF per
pul se of IR | asahodiffatér(alsardfeibd ©has\Wi HockdI161)C N AR PullR-AdRitionGhoddVieaser
system 24 to fluctuate. This invention provides nearly equal interpulse
timng periods flaser emits apalse pwhitimedhe pesitiones moNesop Woskpiese Iqsatiene thsengbosi ti on
nodes. During t ) ; from
processi ng work Bc |%8 gdeﬁag%'%%%? {Eﬁgg tlvﬁtg\gZ%(S’ a%llﬂ“g gq/%%[s)og é{lnkéf)%’)@ﬁ%d 2? ﬁé&éfz'?ﬁs%g

coi nci dence si gnentréBsystenh mowes tierppeitiohayaah inear cdastanti velociy ttat efsesitiggering
determ ne the transm ssive state of Al 8 and, therefore, which UV | aser
beam 22 pulldes p‘?fdb‘é?é“\ﬁbf‘ﬁaﬁiW?’m . tH’e‘Fsmeeﬁor‘?‘ﬁ&%lﬁ"qcFQ?ssﬂg through a
wor kpi ece proc es&/gﬁ@rlf pabbLibanttibt dDtomitlafddd s b cBEAMLRES ThE PRlse _

pul se-to- pul se | aser system 24 processing energy to 25 targét |ocations
on wor kpi ece 20. pracessing consrab systepssatscibe ACuvitte attrapsmissive state wheneyer adecationdess

56. , An autopul se , 4
et ting control DuPRatd: Pafmiiel SR FRERE ACHIES AR bk RRED Rcadn
trigger |IR | aserndo bt pmcessal ispgomoaadedaThés piile timing t&ibtiqhe Pbvides-ai nehily

aut opul se de, logic.n tinmers 46 set. a pylse block signal line 6? true to
gate AOM 2800f f , SQPBRIIBRISGREHP ﬁﬁ_t%e lgSExVereBy SERNIZioe G RBlsgyo BRISE FRREDy UV
| aser system 24 fLQmy fR3fehd maximamkprece 20. Wen control system 10 prepares
to initiate a pul se-on-position processing 5 run, a coordinate receiving

bl ock 64 represents ehbadiaatageofthisdnventemisthat it generatesistableglaser precsssingpulse
control computer Lz, £ Arqfhn PREH high-abRPcd G BlerProlBLkPhsfiRaddhs! €QUI Ti NG

| aser processing.

=]

Another advantage of this invention that satisfies the above object for OTF
25 specimen processing applications employing UV wavelengths. )
Yet another advantage of this invention is that it provides stable pulse-to-pulse

laser pulse energy when processing workpiece features that ordinarily require near

random interpulse periods.



An internedi ate coordi nate conputing bl ock 66 represents enbedded contro
computer 14 adding-to the target |ocation coordinates internediate I.o$ Auer?m
10 coordinates not requiring | aser processing. The internediate | ocat :
coordi nates are spaced apart to cause triggering of IR laser 26 at a

uni form PRF. Enbedded control conputer 14 switches control system 10 from

aut opul se node Q73 Pul se-on-position node. A coordinate | opci/ospolkeck 68
represents enbedded control conmputer 14 15 _conveying across bus 38 to

regi sters 40 a | ocation coordi nate and conéeying across bus 42 to | aser
control l er 34 pul se-on-position node enabling dat a. Pulse bl ock signal Iine

62 continues to cause AOM UV |.aser syst e energy from
being transmitted td HGPRT ?ﬂS"éE‘égBZQ)fotg’A 'I‘%@f‘o'ébsolpﬂl hﬁgbréq 9&5‘? 5?"81"8[58
represents checkifyg JrQ GlewRenl RElAMIAE IREr 9t fdderaled ¢RIy A0S I6H, NEipfed, %r

run termnating | ocatl on coordinate in the current F processing run. |If

it is, the processirupedlases pulsenwithpmpslineap Harmenisgengation®raessyi se) t he
process contlnues t e I r l,Ng
Beam posi i oner 16 A BRELANEREinaRYiReD P Bl eerkifif B SPELA e
conpari sonsdeci f'anmm@ Ideaheadcse&mroaaﬁ lpta’enaimabodhgexﬂaﬂmrebﬁmpoﬁnotcddrw:ﬂﬁ
encoders 52 to the location coordingte stored in registers 40) and when the
data and coor diTREFENCeR BF aCOMPAPYIRE GEAMIRESat or 50 to i ssue position

coi ncidence signal 48. A tiner starting block 76 represents starting tiners
46 in response to receiVvi }gs(EOSItI on coi nci dence signal 48. After a

predeterm ned tine ;ﬂERIBEd? RETIONOKITHE QRIWN;GS} switch gating line 78
to trigger a |aser fr 1R 003. Ql-i 7361
1' CT/ Usou az~t ~J 9 Searér%mﬁ, % t%&rdl %h?‘glsn ra pr (I%@Fgrﬁ%ﬁmoger aIﬂlgr’ﬁset

process wijpdow jagq lpm&ggmgt ébhtrBeéy@rcm mtcmnﬁeeiﬁi dccordingd thifinRetion.
transmtting decision block 80 represents setting AOM 28 to a | aser pul se
bl ocking state 81 orFig 2 #ckprogess Slawidiagramishoving “&"tf&{“é‘%aléﬂcpﬁ garried gy t o
the states of pQsi I L I ne
62. A |l aser tr|§§é&?ﬁlgoﬁ@o§§wgﬁgﬁggrﬁigﬁﬁé E?%?%@&Fg [Fgrggl?tb &m&ic
response to t hear@spiltecdn-pasitiongprodessangsingdal generated in response to tinmer
starting block 76. This timng sequence allows AOM 28 to settle to a
programmed transm ssivity |l evel before 10 Qswitch gating line 78 causes IR

laser 26 tg emt a pPPEFAILED FESCRIPFEONOPPREFERREDSENMBODIMENTS! ocki ng
bl ock 85 represents setting AOM 28 to a transmssivity |evel that bl ocks

| aser pul ses. An endFigf léw?ea B ulsg procepsingeanirel gyakar L ofithis dyveptionine
interrupt 54 iny, sﬁg&p&ay Gler 33 Lhddn nBE1aS coiftlo E&&hﬂﬁeméo'a&tsul se

inhibiting state terrupt 54 causes Wor kpi ece processing
process 56 to redmwohatbeam cposxtiomeawonuahﬁ thgt tsceivds poSitionvnifarimatiop frogeant X-Y

Cagi stare a0, aEover K¢ e Ry a ek PestRneE L BVOnR oy 3 ek ©

repr esent spchec kédng 22 enaf r6yaghte ehrotigh various bptidabDelginem) (o0 sHothin ari eddnsont tbe
| ast | ocation coordinate in the cur&g? 20 OTF rocessi n? run., 3s
the OTF process thggold mirrar that is,shows PRSHOPER mﬁ¥6’é‘é§§ ah 8%%%@35%

returns to aut ogj) gis{,?;éﬁuﬁwm,&& mEﬁiD&d?%gagEO%Y%slﬁ%HP%% gﬂeferﬁtﬁi' urns

| aser controller aut opul se node) any further position colncidence
signal s 48 are bagedroach poaitidninglsyserm idesskibed imElS. [Paeat 6. 5 ,3515585 fop HIGH bit UV

process) ng. run) SAEEPneUPH BCEERCAL Y RAPETES Ta0E: FqL st TidhaiNG vaRpeM. ™
processed 95 t heyhidH i§ AssPrtred @S tiel 29$1g1e0 GF thif hppticatidh. CA commbrchii esatpple 6T 40
switches to autopul se node, |oads a next |jinear row of workpiece |ocatjons

) returns to pull2ser BHSGRIEFessiBE CARERL SYSIeT SHIAbIefos uservith thisdavensior ds e dMadel
conpl etel y pr OC%G@gaemBrggAad 4&8@%%% SemAREREA A %osfegf o Skt ng | aser

operating guideline eri tP re resents a tar I nterpul se
period and ther dﬁdnsmeshhlcrmﬁ(l’orum@m?cmn the assignee of this application.

A UV laser system 24 preferably includes a Q-switched solid state IR laser

D

30 26, such as a diode-pumped, acousto-optically Q-switched Nd:YVO, laser; an AOM
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| aser system 24 for delivery to workpiece - 20. The PRF value is

user-sel ectable up to a maxi mumvalue that is typically limted by the tine
required by X-Y positioner 18 to nove between target |ocations. A period
represents the actual interpul se period between adjacent commanded pul ses.
S5 Tiners 46 produce values of z that equal zP in autopul se npde and

appr oxi mat el YWAQUERSSP when i n pul se-on-position feedback mote/CRUEH od z,
represents a transition interpul se period) @hich is the period between

pul ses while control system 10 is switching nodes. Transition interpul se
period, z, may have an arbitrary value between 0 and Tr that causes IR

| aser 26 to eni bgoMHbARatiahegul@arhpliedd 6tilRQaserb6eantQ e 6y mAGpAEHAI! Y,
during transition interpul se period i,, pulse block signal line 62 is set
true to bl ock t ferreonyestingthegniraied wavalensth emisgioriraiR 2ser 36 wnie lgpice@ed20. | n

because regist ey ¥3RaGEUF YAt REIBRIEL KR, dRF, R TPREL IR, oo
and start over; coherst@sprduessesg Adld 28uinay boaltepmsivelypasitionta) afwh grguarcy | R

por t1 ons. ofs ¢ hl GRS 6h THEF R LY TropesERaSan AATICLHOVY i# poAmmAnes. Tn
i mpl enent ati ons bR 8L QVgsef esmiIIRE 84 oR RO ¢ i

system contr ol ggﬁr%&tme?rg f{lrggi\and sé:rrbergded go%fﬁ?rol cg%ﬁ;?@%ﬁ‘ff%‘;%ggéﬁg? ned
into a single ptotesssiromblackddiasgobeam @2 direatesntiowatd workpizcd 80.and | aser

controller 34 may beg] i natiqn .hard-wired digital
| ogi ¢) prograns execﬁ% M j%ﬁ‘p%{%gﬁ’@z‘aﬁs%?%@g&%}f?é ﬁﬁ’é’? 8%?@885@%\%"85‘:95‘[’%
machi ne, and anabmutei 14 positioh cobiinatesast vafikpieoe 20! Ib&itiond iegairihghssep Nd: YLF

| aser haviﬁﬁ a 1,047 nm fundapental wavel ength or a Nd: YAG | aser having a
1, 064 nm f IhdamPFReassinga\in 2WEICH)SPEAiRIeR PEAGESSIg RPRkIGatipm | warkpigee 2Rhincludes
accordingly gen thidng f Pardmni m
349 nm and 262(?%1%'&8,}&? %@l@ﬁ%ﬁ %ser rg%, s?‘ﬂ‘e ssfgécigl% ,np%hl rd%&lzenéfs‘?@ﬁgth
har moni cs (532 mequirdfsocesyingf The REBionsequiringtprodidsing\Gelrefeered 16hs meget se, t he
wor kpi ece may b? vi.rtual ‘ul'{ aln‘)é.materi al .or corrgonent r{%gui ring, | aser,
processing. Si mi'PEHPES; 28K S8 UQRSIOL FAUINg PPes YghPrde 5 19 88 imgrmpdiate
possi bl e that thsaiBhsk PERBIdRH cortil BorRBusiORE adaf (LM ititBtodiBh 85Sathalty an 30
infrared wavel ength, in which case output fromIR laser 26 would be
directed tbV - igtepnsdiagiygatign @ordimys that pre spaed apanyito gigrer W laser 2cas mearly

wi t hout frequen er s t i ni c

wavel engt hs. It%\ﬁnmﬁﬁ%e&o Vi sdugmp‘g‘\éf ‘ﬁg%ﬁe&ﬁggrpﬁé&sﬁﬁsq%%’ﬁqﬁ%g’?éér??"é hat nmany
changes may be rimeanddiaté pesitiet @otdinatds drieat alkiow at d peaielehrihed phe déndtyd Busof
this invention w.thout 5 q@pai’ti ng f.l;on)_theluq erlyi n\go gri nciples thereof.
Accordi ngly) it W'PreB¥eEspreoram eFiqmrontgl g5 ARd St ) pusly) I sH9pIPLabl e
to laser appli cafataOifos®ahik 42 idregishes 84 IPHAY chitrdlfeP 84S The PredeRehined irste
conponents. The scope of the present invention should, therefore, be

det er mi ned2®nl y deptrels ther mpyesinhyeledityjafsX-Y controlier ABGanhihe crimraiGlat7ipdicate 2
CLAI M5 PCT/ LS00/ ; : | e K- Dl ec Si stemin
uhi ch & pr ocess IPUES e ordifuf e 13RE6 IWONGH Y BF BoPREPa e ) P
pul ses and a podnéludesim@lesand timiing inforanatiom| novenent of the |ight pul se

em ssions relative tQ a workpj e so that they 5.inpinge on target

| ocations for procesgiaﬁﬁmugﬁlfé%aﬁpﬁ‘ﬁfeég%‘)ﬂ%s Hier %Ta“é?%ed'f’?fg qrjagitise-
pul ses of uni f orgR-pusid ROR! I abldptisS Mol tnterd P5RA S RRpHALE kb HeSoh@btifikta

| ocati ons
25 in registers 44; and, in the pulse-on-position mode, timers 46 start in response to

receiving a position coincidence signal 48 from a comparator 50 in béam position
controller 16. Position encoders 52 in beam position controller 16 indicate to
comparator 50 the current position of X-Y positioner 18, and when the current
position matches the position coordinates stored in registers 40, position coincidence

30 signal 48 is generated indicating that workpiece 20 is properly positioned over a
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wor kpi ece nonprocessing node to generate in response to the processing
control systema series 9f laser light pulse em ssions at an autopul se

pul se 10 repetition rate; blocking the light pulse em ssions at the

aut opul se pul se repetition rate frominpinging on the workpiece; swtching
fromthe V\orK,p(i)g&;Bﬂonprocessi ng node to a workpi ece processttigssiadgssi n

whi ch the processing control systemdirects to the positioning nmechanisma
15 pul se position control signal that caus€s the posi tioning nmechanismto
nmove at a positioning rate, the pul se position control signal representing
spaced-apart | aser pul se em ssion command coordi nates corresponding to

wor kpi ece t ar getargaypatitierner aniaerERsdids BRSEIMNnt AFREIREY of MOERIFE 7S 'B‘ég’ﬁ%bn
successi ve wor kpi ece 1 OAS,: i i ) ! ol
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repetition rat eigiet 7 andredAOM 2DioncirdsmEsive batewmtiha chae dageintepmips 84 &ni ssi on

command coordi nates and the wo i ece rget .and workpi ece internediate
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transmtting thedMaRris bieBltiblPboritIIEHTE S6¢MBS a M3eNpuldeeyating QEviRlIbSR £PRISS] ON
25 command coordi nates coi ncide with the workpi ece target | ocations but

ot her wi se bl ockiamglindemedula®r.on of the laser |ight pul se emissions to
provi de) as' a conse of i Aer atd i I 1 SSi ons
at the autopul se andqﬁgp'gjlg? Bl'pcl)%sg??% ygédps/se régeo?itut\{]%ﬁérrsg%%?%t‘ﬁgecﬁ%ht
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2003 WO 00/47361 13 PCT/ US00/ 03484 2. The nethod, of claim1l in which_the
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whi ch the §@! i d-radabembAnPhnd ATRR SRbsah WILIPHRA WA 1R caRE I 1hBE by 2
nonl i near harnonic generation node to generate the |aser pulses 5 at a
wavel engt h | ess cyblavandions aigng fiom firing TRdaser26 aldvanying insérpulse periadsi Such he

aut opul se pul se repetition ra nd tar cation. pul se r tition
rate are subst ad‘{’?rﬁpf V‘de‘aﬁ'ﬁ?t.etﬁg?t?ﬁ%“emﬁmé%%éggés &c) gi rﬁh’%r%‘vﬁ '\}&Si?eér?? €| east
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a wor kpi ece processing.node produces an, i ndet.erm nate.transiti.o ri
Gur ng whi ch a1 1 ght  1hit Besin SEVERE By AR B EHRE Wb PHHS B e %S
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0- 3 gate (A?OI% 28 off/ "Khe(r?aby preventing a(\?sable amguggf 0 )engr%xllgg) by UV laser

system 24 from reaching workpiece 20.
When control system 10 prepares to initiate a pulse-on-position processing
5 run, a coordinate receiving block 64 represents embedded control computer 14
receiving from system control computer 12 target location coordinates on workpiece
20 requiring laser processing.
An intermediate coordinate computing block 66 represents embedded control
computer 14 adding to the target location coordinates intermediate location
10 coordinates not requiring laser processing. The intermediate location coordinates are
spaced apart to cause triggering of IR laser 26 at a uniform PRF. Embedded control
computer 14 switches control system 10 from autopulse mode to a pulse-on-position
mode.
A coordinate loading block 68 represents embedded control computer 14
15 conveying across bus 38 to registers 40 a location coordinate and conveying across
bus 42 to laser controller 34 pulse-on-position mode enabling data. Pulse block
signal line 62 continues to cause AOM 28 to block UV laser system 24 pulse energy
tom being transmitted to work piece 20.
A last coordinate decision block 70 represents checking to determine whether
20 the location coordinate is a run terminating location coordinate in the current OTF
processing run. If it is, the process returns to autopulse mode block 60.
Otherwise, the process continues to a positioner moving block 72 that
represents moving beam positioner 18 in response to the location coordinate.
A position comparison decision block 74 represents comparing data in position
25 encoders 52 to the location coordinate stored in registers 40, and when the data and
coordinate match, causing comparator 50 to issue position coincidente signal 48,
A timer starting block 76 represents starting timers 46 in response to receiving
position coincidence signal 48. After a predetermined time period, timers 46 will

drive a Q-switch gating line 78 to trigger a laser pulse from IR laser 26 for a
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Before timers 46 time out, a pulse transmitting decision block 80 represents
setting AOM 28 to a laser pulse blocking state 81 or a laser pulse transmitting state
5 82 in response to the states of position coincidence signal 48 and pulse block signal
line 62.
A laser triggering block 84 represents triggering IR laser 26 in response to the
Q-switch gating line signal generated in response to timer starting block 76. This
timing sequence allows AOM 28 to settle to a programmed transmissivity level before

10 Q-s’witch gating line 78 causes IR laser 26 to emit a pulse.

After emission of the pulse, a pulse blocking block 85 represents setting AOM
28 to a transmissivity level that blocks laser pulses.

An end of cycle block 86 represents generating cycle done interrupt 54 in
response to Q-switch gating line 78 returning to the puise inhibiting state. Cycle

15 done interrupt 54 causes workpiece processing process 56 to return to coordinate
loading block 68, which represents causing embedded control computer 14 to load
next coordinate location into registers 40.

As indicated above, last coordinate decision block 70 represents checking to
determine whether the location coordinate is the last location coordinate in the current

20 OTF processing run. If it is, the OTF processing run is complete and workpiece
processing process 56 returns to autopulse mode block 60. Embedded control
computer 14 returns laser controller 34 to the autopulse mode, any further position
coincidence signals 48 are ignored, and pulse block signal line 60 is set to inhibit UV
laser system 24 pulses from reaching workpiece 20.

25 In a typical OTF processing run, a linear row of workpiece locations is
selectively processed in the pulse-on-position mode, after which control system 10
switches to autopulse mode, loads a next linear row of workpiece locations, returns to
pulse-on-position mode, and repeats until the workpiece is completely processed.

Timers 46 are set up according to the following laser operating guidelines. A

30 period T, represents a targeted interpulse period and therefore the maximum PRF at
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by the time required by X-Y positioner 18 to move between target locations. A
period t represents the actual interpulse period between adjacent commanded pulses.

S Timers 46 produce values of T that equal T, in autopulse mode and approximately
equal T, when in pulse-on-position feedback mode. A period T, represents a
transition interpulse period, which is the period between pulses while control system
10 is switching modes. Transition interpulse period, T, may have an arbitrary value
between 0 and t, that causes IR laser 26 to emit a pulse having an indefinite pulse

10 energy. Accordingly, during transition interpulse period t,, pulse block signal line
62 is set true to block transmission of any pulses through AOM 28 to workpiece 20.

In autopuise mode, IR laser 26 fires repetitively at the predetermined PRF
because registers 44 set timers 46 to time out, fire IR laser 26, reset, and start over;
whereas during the pulse-on-position mode, whenever IR laser 26 fires, timers 46 are

15 reset.

Skilled workers will recognize that portions of this invention may be
implemented differently from the implementations described above for preferred
embodiments. For example, system control computer 12 and embedded control
computer 14 may be combined into a single processor and beam positioner controller

20 16 and laser controller 34 may be implemented as some combination of hard-wired
digital logic, programs executing in a signal processor, microprocessor, state
machine, and analog circuitry. IR laser 26 may alternatively be a Nd: YLF laser
having a 1,047 nm fundamental wavelength or a Nd:YAG laser having a 1,064 nm
fundamental wavelength, and frequency multiplier 30 may accordingly generate the

25 second, third, and fourth harmonics (524 nm, 349 nm, and 262 nm) of the Nd:YLF
laser or the second, third, and fourth harmonics (532 nm, 355 nm, ahd 266 nm) of
the Nd:YAG laser. Of course, the workpiece may be virtually any material or
component requiring laser processing. Similarly, skilled workers will recognize that
it may be possible that the workpiece 20 could be most effectively processed by an

30 infrared wavelength, in which case output from IR laser 26 would be directed to
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It will be obvious to those having skill in the art that many changes may be
made to the details of the above-described embodiments of this invention without
5 departing from the underlying principles thereof. Accordingly, it will be appreciated
that this invention is also applicable to laser applications other than those found in
processing electronic components. The scope of the present invention should,

therefore, be determined only by the following claims.
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10m YS10%& () - Ycolﬁ}%éy@em causes a solid-state laser to emit light pulses and a positioning system
to control movement of the light pulse emissions relative to a workpiece so that they
5 impinge on target locations for processing on the workpiece, a method of providing
light pulses of uniform pulse energy that serially impinge on multiple target locations
intended for processing on the workpiece, comprising:
initiating a workpiece nonprocessing mode to generate in response to the
processing control system a series of laser light pulse emissions at an autopulse pulse
10 repetition rate;
blocking the light pulse emissions at the autopulse pulse repetition rate from
impinging on the workpiece;
switching from the workpiece nonprocessing mode to a workpiece processing
mode in which the processing control system directs to the positioning mechanism a
15 pulse position control signal that causes the positioning mechanism to move at a
positioning rate, the pulse position control signal representing spaced-apart laser pulse
emission command coordinates corresponding to workpiece target locations and
workpiece intermediate locations between successive workpiece target locations, and
in which the processing control system causes the laser light pulse emissions at a
20 target location pulse repetition rate determined by coincidences between the laser
pulse emission command coordinates and the workpiece target and workpiece
intermediate locations as the positioning mechanism moves at the positioning rate;
and
transmitting the laser light pulse emissions when the laser pulse emission
25 command coordinates coincide with the workpiece target locations but otherwise
blocking transmission of the laser light pulse emissions to provide, as’a consequence
of continually generating light pulse emissions at the autopulse and target location
pulse repetition rates, the light pulses of uniform pulse energy to the workpiece target

locations.
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5 at a wavelength less than about 500 nm.

4. The method of claim 1 in which the autopulse pulse repetition rate and the
target location pulse repetition rate are substantially equal.

5. The method of claim 1 in which at least one of the autopulse pulse
repetition rate and the target location puise repetitioq rate is user settable to a

10 predetermined pulse repetition rate.

6. The method of claim 4 in which the autopulse pulse repetition rate and the
target location pulse repetition rate are substantially equal to a maximum pulse
repetition rate of the solid-state laser.

7. The method of claim 1 in which the switching from the workpiece

15 nonprocessing mode to a workpiece processing mode produces an indeterminate
transition period during which a light pulse emission is generated, the method further
comprising blocking from impinging on the workpiece the light pulse emission
generated during the indeterminate transition period.

8. The method of claim 1 in which the workpiece is supported on the

20 positioning system.

9. The method of claim 1 in which the workpiece is fixed and the positioning
system moves the laser light pulse emissions.

10. The method of claim 1 in which the workpiece is moved in a first axis
direction fixed and the laser light pulse emissions are moved in a second axis

25 direction.



