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Technical Field

[0003]  This invention relates to diode-pumped, solid-state lasers and, in particular, to

quasi-CW diode-pumped UV laser systems and processiog methods employing them, such
as for forming vias in circnit boards.

Background of the Invention

[0004] Different types of lasers systems have been employed to drill vias at point-to-
point target areas on electronic devices or work pieces such as printed circuit boards
(PCBs). The following discussion is presented herein only by way of example to diode-
pumped, solid-state ultraviolet (UV) laser systems and work piece targets and should not
be considered limiting to the scope of invention.

[0005] When an acousto-optically (A-O) Q-switched, continuous-wave (CW) diode-
pumped (DP), solid-state (SS) laser system, such as Electro Scientific Industries, Inc.’s
(EST) Model 5200 which includes a Light Wave Electronics’ (LWE) Model 210 laser, is

employed to create vias, the pumping diode or diodes remain active continuously. Laser
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target area, the |aser systemdelivers a | aser output containi ng one or
more | aser pul ses by opening the Qswitch at a predetermn ned rephili 1208 -

rate. [O | VE Model 210 enpl oys two 20 Watt (W ' r
punpi ng gﬁgoz;ggzﬁér&at es 3 Wof UV output power at 10 km%%ﬁ?@gﬁgr ate.

The CWpunping current to the diodes is |imted by thermal |oading of the
di odes.erhiksian isprEvented by nlosmg thanQssvgich athene veldtheqposiwningesystem is kenacted t her

nore di odes or diodes wiith hjigher current/power nust be _enployed, such as
two 30 ARG EESAF: M Ptk ibirse VISR PARIOTREGYSIER S AERH 0 tBe be%r v
out put a : | : | facddl unpi ng
povpr I e s KRG T 1 ST IENE B i ning BHEShnore st SRIEE 0P
| ncr easgstningihe Qiswitch avepriedateliniiged fepetitimerateredi um can per manent |y damage -~
it or cause Ssi gjﬁli?}‘icant degradation of the |asér beamaquality and limt

I

tEel Ioov@ﬂﬁ@vai lleWE1MP§cl| 1Riemplovsiwpo¥as (W) GWdiedss IoPymRias Aldg
Lot t - t
pumpi ngb Seibiis ta e UV eGP RO Rpany g, dhe S0 mitehg ophdfe ) o

punpi NGpaAEhdey &S1imitvd By gl 10Afing e Bie’dlodeB! TEal dpplicktida whlrauk gfdaes pul sed

DPSS W |laser, such as early versions of |anbda Physics' UV "Gator" Model,
provi deUNi gtiput poxeasy thep gither mpergatiodsaor dicdeowith digher eunpent/powenmustes. For

Garat | GroRpTd e o AP PO Sio¥asefS Bhrs oBtPk 2008 SRR TR iy REoWI 82,
out put gyl m%értchﬂ Be ERScRted Srdni Bh@Addsigns.| MdwRder, Qfﬂgh%u%udﬁdr% g?\ggi ;

punpi ng sc I's not preflerred for drilling vias because it "a
af f ect siscmpléyedg thermvaldogdipgion ti@digistare badén medivin is)ines¢as@ly ghenpially r esenbl es

pul se punpj ng. b xhi bit.s | onger uppi.ng duration tine. at | ower peak
D! g oleating e Bt i R Srene R HER ATERa & A e PR GErRORR ot e of
about lcf%hér%prﬁ%gﬂ@iryuﬁ@iiﬁﬂ H balEOsVallhBIE, g Iagithtidd nibok@v crititadr ed s
to afewmlliseconds (hs), based on the repetition rate and the duty cycle
of the empinedeing wbaltkngd ki the panep syrtems dhsipeand mavrfaguling.ng to a hi gher | evel
t han do I ng because the diode "rest.s: nd, t hermal | oadi ng,reduces
o - ot b0 fhend B TrigE SHEmSE - HOWEYS SAIBPISHAT & 1asPr AR, SRALH IR pover

can be a@j;ﬂﬁ]ﬁﬁ afly ﬁhﬁtﬁl—GW%uﬁjﬁﬂ_H.] NG lele¥BoRPEtAL GROPaLfeitded pifkd PSS UV
conpar abl e CW punped | aser . e laser output Is controlled by regulating
t he curlagart such asrearlylivetheqns Jof Lambdp Phpsies) Ué f&latar! dodeds proyidethigher faseni ng

ST iAo 5t R SR cl 25k g BlacdPBbY B AP sk
pulse is generated. The pumping duration time is limited to a few hundred microseconds

(us) so the laser output pulse repetition rate is typically limited to below 2 kHz. This
pumping scheme is not preferred for drilling vias because it adversely affects drilling
throughput.

[0008]  Traditional quasi-CW pumping resembles pulse pumping but exhibits longer
pumping duration time at a lower peak pumping power. The pumping scheme can exhibit a
pumping repetition rate of about 1-2 kHz, and the pumping duration time can be from a few
hundred us to a few milliseconds (ms}), based on the repetition rate and the duty cycle of the
diodes used. This pumping scheme allows pumping to a higher level than does CW
pumping because the diode “rests” (and thermal loading reduces or stdps) whenever the
punping is off. Therefore, the laser output power can be higher during the pumping time
period compared to that of a comparable CW pumped laser. The laser output is controlled
by regulating the current to the diode(s). The pumping repetition rate of this pumping
scheme i-s, however, still a serious drawback. Typical applications for quasi-CW pumping
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WO 021073322 PCT/ US02107486 include those that utilize a long |la ej ptﬁg
wi dth and a nodest peak power, such as |aser bonding and wel di ng. Lflo @f A
| aser systemthat includes a punping schenme that facilitates both higher
power andO#PEPREr repetition rate to increase drilling PRPHHGHHBRS i s
therefore desirable. Summary of the Invention [0010] Conventional UV |aser
via dri inklﬁﬂg (15068 RATELBP b Qnglasdr PAAR W dth! 28 4GH6dest f&ﬂ‘ﬁ%ﬂw,&h@ﬁcﬁﬁ?ﬁi&& to
convert the l|aser's fundanental wavelength in the TR region to the UV
Such sybdnding gade®eldatg.y enpl oy high UV power and a high pul se repetition

te t hi high th hput via f tjon, h . A- i t ched DPSS
| aser. SU0D8hs1A8eP sk had e et n Ppaing, e L BRI Uppigh poe] A

okl e g st sy nBg ot enpRasgiader 1 cour 1

the via , or to nake accep to drill™

mat eri al s, suclSvasnagafpke ImedtidrR4. Thus, a high UV output power (5 to 15
pul se repetition rate (a few kHz to a few tens kHz) woul d be

at a high
X? eferr E@.lgl oo f2guvapuenal §'s laserovinerilling) systenms empioy & tandasd HFEEYEHEY on PCBs,

s perORYEISEFIRAE 8 cohdH{ e T8 £ MntfmBiftal SRRl In BB AR D%IG0T0 18 300 1o
400 newsivocgichQStegisqiTyiesAEP Bflploy HRICEM powdrtand tadkigts péilserdpatitesn fitstem | ess

than one ms to drill one via, but in sone cases Ion}g}gr than one ns to nove
to a neschigyedighothreughpat wiaxormation, benve -0 Ke-switohedfIBPSS hasen syslemsdavag ON i s

actually |ess éhan %e?e t] dtﬂ | aser i s being OFF, which nmakes the use of
the | asBFEQIRIE Q1 R ‘:frir%(* ﬁt T ﬁ%‘fgﬁ' The present invention provides a
quasi - Gpgipde-a eémhﬁeamwaaﬁqble%y@gm%oﬁ%iamFg@ To-pobrt forldbager that

synchroni zes the timng of the quasi-CW punpi ng avoid or reduce punping
whi | e t the virodrill itiond, 0y t¢ make acéeptabteviagord same Shardtte dgdl{’ materdals,cuches next

target area an Increase,t npi_ ng | evel ond.t he unped | evel
whi Do GHoPET AEFR S Jtohed Bien U SUEY PR B0 120 RE R0 siepuse BpAngAt <
hi gher gveR Mfgm&mw;%glﬂ%fawapmr to the | aser nedium and

thermal | oadi ng of the punping diodes, remains the sanme as for

convent [0883) CWipw tmpbsgominercidbyrisefuli va doimatisnan BEBs fonexampleli detapds The
guasi - unpi n urrent. profile further nodiflied to,realize a
oot or rEs Sy B o pre B Bk o 400 ik peF ediR. 'S, 81k

iy
positioning system has to move to 300 to 400 new locations every second. Typically, it

takes the laser system less than one ms to drill one via, but in some cases longer than one
ms to move to a new location for a next via. Hence, the time for the laser being ON is
actually less than the time the laser is being OFF, which makes the use of the laser quite
inefficient.

[6013]  The present invention provides a quasi-CW diode- or Jamp-pumped, A-O, Q-
switched solid-state UV laser that synchronizes the timing of the quasi-CW pumping to
avoid or reduce pumping while the positioning system is moving from one target area to the
next target area and to increase the pumping level beyond the CW pumped level while
drilling vias. Thus, the available UV power for via formation is higher even though the
average pumping power to the laser medium, and thermal loading of the pumping diodes,
remains the same as for conventional CW pumping with conventionally available laser
diodes. The quasi-CW pumping current profile can be further modified to realize a
preferred UV pulse amplitude profile.



- 6 JUL 2005 WO 02/073322 PCT/ US02/ 07486 [0014] Such a quasi - CW di ode-_ or
| anp- punped, A-0 Qswitched, solid-state Wlaser is new, the-6 JUL 2005
synchroni zati on of the quasi-CWpunping with the beam scanning is new, and
t he usageWs¥029d¥112a | aser systemfor via formation i s neWwCT/USNREJ486

Addi tional objects and advantages of this invention will be apparent from
the fol hNg gﬁ.%tpd . IRt J f IV | S whi ch
proceedg"vm h re erg‘%gleé'?%a{oﬁg gﬁ%&%ﬁéﬁiﬂ%&gﬁﬁgﬁﬂ%@hgﬁﬁg&%@w%% on of
t he Dr awé ngs; (he@§ndhrédigation of sheaquwdsiFaW binepling c¥itinthe beard iseapniy io hewnand

enbodi mrent of a_quasi-CW diode-punped, A-O Qswitched |aser with

i nt r a- c 48 uspge of prohifylassr systeRdor E@%@%‘%Qﬂﬁ.s ne€y¥0Q17] FIG 2Ais a sinplified

ur ront 10058 51 s o et UGB YR R HeBhuidH Gt pe SolaPUAEROBERE P20,
A-O Q sblieheg dersied desRHbtis oSpiRdrrdlasRdidnt hered§ amichoprobieds withode
current shown in FIG 2A Detalled Description of Preferred Enbodi nents

[ 0019) Fefigrence iasthg aseompanyingdirawingsat i ¢ di agram of a preferred enbodi nent
of a quasi- CW.di pde- pu edf A- .SWi tched, solid-state Wlaser system 10
wi th synchroniz e. ; 2 and firing to formvial at a high

t hroug h%ﬁlﬁ] at epyV1 8 of SMPLAATE ScHemhatiE bfa bASR etiSRIBABAYE algha@iiCaser

system IS shown with diodes 14 punping laser medium 16 fromthe side.

Ski | | ed dpmiespmspedi AHO &ppwitcliedtlaser witheinba-cavibatripling fregeentytoonvexdoncan f ol d
and t ha puppi schene can be e punpi ng" or that |aser system 10
coul - S0P, T th B s B e TN & SR PBHLY BRSeiGra o) b es 14
i ncl ude Wlﬁlmgj- 286 chrrédit ed to, Model s SDL-3200 series 100 W quasi-CW
arrays aCnd 96 n\%ﬂl gh-d‘JtrJty factor stacked arrays sold by SDL, Inc. of San

Jose, C{00I18)r ni BIG.Bieis samplified grhphicat depidtinnef eremiplarysA(Q §)-switched dmset aser

medi uns havi ng YAG_YLF, ~and YV04 conpositions. Bet rR-refl ective
mirror PHISSHHRGUMBPHAGH Tl et RIRIPE SN ST SRR B I L iduther | 20,
resonator 12 al Bei{l&EhEe8ftionlo® Pefetrsd lo8infehksS 22, an acousto-optic (A-O
Q switch 24, afr@qmy%ﬂﬂﬁ:‘%a—frgquency triplet 28 for

i ntra- c§@019y f rEfudns\a ssoplifed scuematiSKiagkanl of 2 pefersedieinbodipyeniedfi aquest- hat
f [ | i.shed |1y t g tor. .
L0030 e RpEmEL e o bR Ly re O spcsystta, Do piGeSeRipRetl o

gr aphi C?A.rgeting, pumping, and firing to form vias at a high throughput rate. With reference to

FIG 1, laser resonator 12 of laser system 10 is shown with diodes 14 pumping laser
medium 16 from the side. Skilled persons will appreciate, however, that the resonator 12
can fold and that the pumping scheme can be “end pumping” or that laser system 10 could
employ other possible well-known configurations. Exemplary diodes 14 include, but are
not limited to, Models SDL-3200 series 100 W quasi-CW arrays and 960 W high-duty
factor stacked arrays sold by SDL, Inc. of San Jose, California. Exemplary solid-state
laser mediums (16) include laser medinms having YAG, YLF, and YVOu4 compositions.
Between an JR-reflective mirror 18 and UV (third harmonic)-transmissive output coupler
20, resonator 12 also includes, along its optic axis 22, an acousto-optic (A-O) Q-switch 24,
a frequency doubler 26, and a frequency tripler 28 for intra-cavity frequency conversion.
Skilled persons will appreciate that frequency conversion can be accomplished externally to
resonator 12.

[0020)  FIGS. 2A and 2B (collectively FIG. 2) are respective simplified graphical
depictions of an exemplary waveform of quasi-CW-pumping diode current pulses or

intervals 50a, 50b, and 50¢ (generically current intervals 50) and of exemplary A-O Q-
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- depictions of an exenpl ary waveform of quasi-CW punpi ng di ode- @ug[ggrr,_tg[]g
0)

pul ses or intervals 50a, 50b, and 50c (generically current intervals
and of exenplary A-0 Q@ 4 6 JUL 2005 WD 02/073322 PCr/VS02107486 sw t ched
| aser pul W¥&28FB2260b, and 60c (generically |aser pul ses BOT/USWHE#86nposed

- on the quasi-CWpunping diode current waveform shown in FIG 2A. Wth

ref er engg; . ' | QLN such

t hat V\hﬁlt%%edﬁ%l%grﬁsse?/g?%m OE@fﬁ?csﬁégé%i?%é ﬂr{gégw s@&%&gﬁ%ﬂséﬁﬁgr get

ar ea 3lquoasi-B¥lpuympEng dR@e cuhrentceavef@in shodwmes HIGY240i With@B¥drenc8#o FIGRSI t he

di ode pur&oi ng (turns the diode current to zero) or reduces the diode

punpi ng Ak } supply
i ngangd 3, RSty Sy steen QRaiRiRIs SyiFERRzedtuch Mgk whey thedaser sy stem d Ofanighes |

" S0L- 520 ke T e R B e are 3t B el pOTHHB Bt b ity (oRHEF,

t ransi t 3pBopk ks divde ghmﬁﬂg-(ﬁﬁﬁs ﬂa@rdi@ﬂ%%wheﬁﬂtoaﬁ&g@ﬂ/redlﬁ:%ﬂhcddibdeeﬁﬁmﬁﬁg Model
SDL-928, for about, 150 anp peak quasi-CWI|aser diode array drivers. All
sol d bytosppre-determiged kg cpigens levehby rontrdlling poweigupdlysid. Brerplinyrpowgrsyst em

oosi 1 ottres I aipdsh Bl Bk igttn 18 Hedd YD RIT R ifds gl st ihie.
that egpl&WitRtypieasio fisvaﬁehaﬁmm&ﬂ%aeﬂmﬁds% hﬂ%g);agic féd;m%gment

bet ween target areas 3 on the same or different wor . Ina
pr ef er r ladercdrbemt; oeMadel BRLEY28n fdraabiovn] 30 sge pegkopiabi-Chklasersdiadesqirayt - axi s

system wher e t VES k piece 30, .and an X stage noves a fast
beam po 'Y‘?rﬁngll‘ﬁ{éﬁe%ggsslﬁi @Fegp$@cﬁ’§?' alifgida-es). The Z di mensi on bet ween
the X' sioyae) andres: pBSRoABY sphoR 38emavth il Bhlbp ntth AHelaflct 2% S
align the o]ptigl;?/ 'E’gth -22¥ts rough anysﬁ ns %1% @ogﬁgget?%;ygson e(E)r 2 and
t he fasBl.b&ambeamipasiiivaing sykem 3Gprefdratdminthsdes iaareslatioy stage pesitdoner ¢hae npl oy
hi gh resol ution_linear, notors and/or a pair, of gglv noneter mrrors_ that

F

can con%ﬂ]EIP?'ﬁ AF KA TP FAISETSE Siaaes ReHEHYLS ﬁ'&"]&ﬁpﬁ’ tyerndaregharegs 3l ded
test or A% GGt differtle wolidpRSestH mggaééeffﬁg& EmPg@i?ge?t 88 bRddtReh moved

| ndependent|y or coordi nated to nove t r. am posi tiomnl ng
syst em pBésitemer asp split-axdinsystem ohete a/Y stage moveb eark pieceB0kandhhr Fronapet syst ens

o Dol ook il ol I by spparate, San e an
Loy B ORRY e 9 0 s BB Sl RS0 08 e
al i gnnepadth 22t themigh tang thras betwees dasax resod:RoriRladdwhe fast beam positioner. The
fast beam positioner may for example employ high resolution linear motors and/or a pair of
galvanometer mirrors that can conduct unique or repetitive processing operations based on
provided test or design data. The stages and positioner can be controlled and moved
independently or coordinated to move together.
_ [0022] Beam positioning system 36 can employ conventional vision or beam to work
alignment systems that work through an objective lens or off axis with a separate camera
and that are well known to skilled practitioners. In one embodiment, an HRVX vision box
employing Freedom Library software in a positioning system 36 sold by Eleciro Scientific
Industries, Inc. is employed to perform alignmént between the laser resonator 12 and the
target areas 31 on the work piece 30. Other suitable alignment systems are commercially
available. -
[0023]  In addition, beam positioning system 36 also preferably employs non-contact,
small-displacement sensors to determine Abbe errors due to the pitch, yaw, or roll of the

stages that are not indicated by an on-axis position indicator, such as a linear scale encoder
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target areas 31 on the work piece 30. Oher suitable alignnment yﬁLﬁ@gare
commercially available. [0023] In addition, beam positioning s&jé :
al so preferably enpl oys non-contact, small-displacenent sensors_tao

det er ni new%ﬁ%’rz?ors due to the pitch, yaw, or roll of tHe/UIRDQIEE  hat

are not indicated by an on-axis position indicator, such as a |inear scale

encoder o fuser ftedfdro@eep. MR AHhe E432 orreelibh/sPdéd €48 6e cAlbrhids Bfainst a

interferonmeter. The Abbe error correction systemcan be calibrated agai nst
a pr ecpswiscatisrance stantandchorthe serrechiontdepent ohlyren s¢njing emath changes mahei ng

o PR FokPeb 5 n5E O el B0 e, B aRheR Pegngny b Ab RS
det ai | b&récgfoﬁrsga%hp@%sdﬂbahliﬁaémm M&%mngﬂﬁm%doﬁo. PbisHegy g July
19, 2001 and U. S. Publication No. 2001-

2001. Tpebliskbduadulypts, 206h snd{U.$ hénblicaticndSe.r 2000f002B674 Al pablishadiong U. S.
755,950 of Cutler are_herein incorporate f erence.

Pat . Aﬁﬁl'm"fﬁd . d\tﬁri’ :

[0024] Q&iper 38, 201y nihereleyant portionsof thg diselpsure of thecorgespondmg IS dak ki | | ed
titi i Of - L1 i 36 d i bed

P et LB A0t 58T0 SFERdLYBRY Al uRBhid NP Rk 36 are Hescr bed

m crovi §0024] | | i Mgnyp yatigtions 2f posiatdisy §ysemsEeak el Sedot ofskillelindust ri es,

Inc. of Portland, Oregon is a preferred _ inplenentation of positioning
syst em BECHHenenand suRe gubadiments|of pasitioning sysiepn 36 aredeseriberhinggtailigpper

R e e e B

El ect r 0 a\n§iabRt fdrh Eledtisl Sibiitifesindbsteies, Tt. B Pokiddnd, OTELMIP a pecforréd SO be

enpl oyed. Skilled persons will also appreciate that a systemw.th a single

X-Y st ajfaplesenigbaen op peudonyas systesm p6 gudvhasbegnissdbipr 1gren drigingiof iretin apaiedbr

armpl oy ooprh Bed BB T ibe MRE RECRAREYT | OEL B AR S can e

pr ogr amygeshel Seried inuhibzss 270&|, B3kl Mk o6 33R8] mdhhiacHlysdty ERbiry Sgiestific on at

hi gh speeds the focused UV | aser system output pul ses 40 to_produce a w de

vari et y Ingtusigieas Jar- pebedland, Orggpeirap@sothe capplpvad. Skilledpersong wilhalso per i odi c.
0025 ' ' di od
[3025) o 4 A e Y5 T80 et BEPRAE 000°

new or Be6RPdsitied ami/opsetonad} palvasdmeler oL Beine pobitieging iy dlliatively beol | ow ng

and inhibitron or reduction in diode
employed. Those skilled in the art will recognize that such a system can be programmed to

utilize toolpath files that will dynamically position at high speeds the focused UV laser
system ontput pulses 40 to produce a wide variety of useful patterns, which may be either
periodic or non-periodic.

[0025]  The CPU 32 causes current to be applied or increased to the diodes 14 either
when the positioning system 36 reaches, or is about to reach, a new or sécond target area
31 or at a predetermined time interval following and inhibition or reduction in diode
pumping. The CPU 32 instructs the Q-switch control 38 to open the Q-switch 24 to deliver
the laser pulses 60 at a predetermined repetition rate until the second via is made.

[0026]  The profile of the pumping current.intervals 50 can be modulated to control the
shape of the peak power profile of the laser pulses 60 during the quasi-CW pumping, such
as flat, from low to high (shown in FIG. 2A) or from high to low during the period.
Furthermore, the current profiles can be modulated to have different amplitudes so for
example a high peak power can be used for drilling metal layers and Jower peak power can
be used for drilling dielectric layers, if desired. Sﬁnilarly, the time periods for current
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-interval s

" punping. The CPU 32 instructs the Qswitch control 38 to open the Q switch

24 to deliver the laser pulses 60 at a predeterm ned repetitiprnjlag@lhuntil
t he secon bAg7h$omade. [0026] The profile of the punping

q%cgbﬁéognﬁbe nodul ated to control the shape of thg%g;elgsgﬂ%?é\e\oer
profile of the |aser pulses 60 during the quasi-CW punping, such as flat,
from | owunpikg ipteryals SGwan he Edjsted@ A) swit thiersinyy dépgin, and rhaverialwfitheyvirhie bper i od.
Furthernore, the current profiles can dul ated to_have differe
ol ¢ udgcesesey Syt Btar Bhtent BRriARRY Bunlerect dismsier Jisa G 2h 799 Phg et al
| ayers aaghdn@pRE iR e RQYS tﬁﬁr‘mﬂg—mﬂ? eshtlaBEs bt irkduifdd yai: id yers, if
desired. Simlarly, the ti?rse peri‘ods for cu%r@;]tr#%dn%’:j’%f?%ggérl% 21073322
PCT/ USO zhfredBfumpingpitenyalsritCeamdatasiable pesioddietaeiniairasdt pompitigtinteheals5,e,
depth, and material of the via_to be _lpr'ocessed, such as | onger current

i nt er vaMgulsghe guty) gyclesan diedieat the semgs Thedaty eyslegald Bowensn b§varied as hat t he
| aser swélgq%&&rﬂﬁ%giof e%]ﬂ&%ﬁﬁg require, variable periods of current
S and variable p

punpi ng 1 nterva i ods between current punping intervals

50, whijpgz7ghe Thé yusyrCW paahikerdpeiion fag arasilyThemdss ¥s Righlas 20am . d,
however, be varied as well, if desirable for |aser output "profiling.
[0027] Tide igigaal Lo hetuesnie qupsstGWiwmping doeselh havesto be denstanicks lasg hi e as 2

kHz. The interv ' e en_the guasi s i doesn' t. have.to be
const aneselt Bielal iopiEe O bR Wi ecodc Y B ke sacitmLte RS, ng
di ode 14eRiiéI9 cohsiatt lor BEWUREARal RFRbA fevelsel ativel y constant or bel ow
thermal damage | evels. [0028] In one enbodi nent, the diodes 14 and power

suppl y 300281 a bvemaermhadimeny they diadasridsandtpemet Supply 3¢ bfin2W pumpsd 8hduci ve
to vari current .punpi.ng. I resul.ting | aser system 10 is_ able to run
at a dutﬁ/){’ i‘iﬂ?{ @’qu‘m 58%@?3%56‘15%&?&9”%‘1‘?1‘@‘3 fﬂq W@E’ﬁ’l TS RPOPHE: | 2% nedi um

16 for LlegimtikpelasurasysBayioshk ale @ ualoh Hﬁfybc?fcﬁ%f 27iBUSat ALY Tﬁ@%iod@f’@i ng

period, about” twice as nuch current can"bé& put into the diodes 14 (w thout
adver selppmgfthe tasehgedingm Hyfordges befarertliey |stopdion gnathert hmsdi Buwssdirdngthet he

| aser medi um 16). the | aser power during that 1 ns Ri g period
can be HEFEN l%dwﬁc]oﬁﬁg‘gmﬁ&éﬁl% c“&?ﬁ'[%%ﬁ“é%B%%?%ﬁlmwﬂged | aser
(especi abilrs@f afectidgehd @rhfe BierthiOBAARE ¥n HOBYEESIOR) the 14er AeBlut Eav.t ch 24
used in the |laser resonator 12 repetitively switches to deliver the |aser
pul ses @Wmat the laseeperraiusingatiat emspumiping peaiod cafi befmoreithast twiceas mhickay or

up to Oat l%r%zm a comparable CW pumped laser (especially after the nonlinear frequency

conversion). The A-O Q-switch 24 used in the laser resonator 12 repetitively switches to
deliver the Iaser pulses 60 at a pre-determined repetition rate of, for instance, 10 kHz or up
to 50 kHz.

[0029]  Work piece 30 that may, for example, be an IC chip package, MCM, capacitor,
circuit board, resistor, or hybrid or semiconductor microcircnit. For convenience, work
pieée 30 is described below as only having four layers. Top and bottom conductive layers
may contain, for example, standard metals such as, alumioum, copper, gold, molybdenum,
nickel, palladium, platinum, silver, titanium, tungsten, metal nitrides, or combinations
thereof. Conventional metal layers vary in thickness, typicaily between 9-36 pm, but may
be thinner or thicker. The conductive layers are typically made of the same materjal.
[0030] A dielectric matrix or layer is sandwiched between the conductive layers and
may, for example, contain a standard organic dielectric material such as benzocyclobutane
(BCB), bismaleimide triazine (BT), cardboard, cyanate esters, epoxies, phenolics,

polyimides, polytetrafluorethylene (PTFE), various polymer alloys, or combinations
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[0029) Work piece 30 that may, for exanple, be an IC chip packg%e, MBE
capacitor, «circuit board, resistor, or hybrid or sem conductor JUL. .
m crocircuit, Fqr_convenience, work piece 30 is described bel as only
havi ng f ouP *#8{*f%. Top and bottom conductive |ayers rra&qmo%vﬁ?ﬁfor
exanpl e, standard nmetal s such as, alum num copper, gold, nolybdenum

ni ckel , thprdoF. adlomventidnal orgamiv didldécude layerst ediy wonsiddratds e thicloRisabunarkr i des, or
conbi nations thereof. Conventional netal |ayers vary in thickness,

t ypi cal pigally weuch thicker than figtmetal layess A1 exseiplasy thigknesscrangefos osgaRikict | ve

| ayers cﬁ%ﬁ:cﬁ%pliagﬁjsg %@gg?_\%g%tﬁgfhsarre material. [0030] A dielectric matrix

or layer 1S samiw e conductive |ayers and may, for exanple,
cont ai n[0938f andeHedielegeivilayes nflyetso ddatdiR b Slahddrd yeialoraindif R6BFoNORE ane '
(BCB), bisnmaleimde triazine (BT), cardboard, cyanate esters, epoxies,
phenol i mey inghadeyd fiberadattees dispersedinautinles ofy farresampler@amid Aibews . serpwiogrer
al l oys, or, conbi naticﬁ)ns {2 6 JUL.@%{)S VO Oi/ (3322 PCT/ UﬁOZ/J 7486 )
t her eof T B33 RRYTIL {1 SR5Te5d AToughet £ oreanif firleclric, o FOmvenHOpa) Lo mfr gement
L i cknesSnpdiehisaie typiouRy Galib il Bme itk ok Bhrticlb8 0f bt TEIGYm!iRYEE Sna/f
exenpl ary thickness range for organic dielectric layers is about -400 m
[ 0031] Whesndbhwiddest ofi I dmayeseveral hahdeds ofitniironsa  Sitileddearsbnsevill fappreeiment

i nclude a fiber matte or dispersed partjcles qf, for

conmponent th na

exanp| dhateiprreRi g FSPALERS ApasDe Iiyodgieds8 PRYER WP Lok OrEaRE HEERAE ghout

t he or ' ' - CHN £ €| : . ﬁmiémﬁ AR

typi calgiﬁl)ghlgarlll |e\?+cg;ﬁgiliﬁ%0}]anents or f)tg'r tsﬁg?]é%ﬁg@%%gﬂ%ﬁl- 0 ma%ﬁngil@grsand/or
woven biypithiyg reduitelaser praosssimy atr ohighemiluends thah inhedeht atifkie nherinforted ons

wi |l appreciate th%ﬁ‘gkgl nf or cegﬁ% cog'gonents may be infroduced _as powders
into tHuClFgieAYers; PEEODS ¥ 9 FPpreciishghibesg yateunify e siaalsabin  Such
COoNposi; ' : | | A t yiphGa '

proces sl?]ﬁgﬁ ;g%)r %%Pgﬁ%%q? ,ﬁj@kg@&ﬂ,ﬁdi S n%glde%g%]%’ ié%‘?‘%% g&)&ﬁl Z“P}ﬁfs;‘?fg ed

di el ectmeml,|diglectsic, S teirfdrecpmestomateriz], Imayl eothivhpr then tremt hat t hese vari ous

5 moke, TR o A8 ismelins pyarabls e ot 2500 By POt MES [0 Bk et
mat er i gémdﬂ&ngﬁﬂfah Fﬂéediaﬁlé}@ﬁ & sHall Js%%ads-gg ?gpé&fgg?tt@{]ﬁnaﬂﬁ%ﬁf 3ﬁéc>éu£@nge

from 25-300 m but |aser system 10 may pro at have dianeters as
snmal | ahepbefatred ablatahspot sjzeceltlesertpnises 60 nsaboBe23RdS @m ithdiapetef evinehirgdn at.ed

spot sigze | aser _pul ses I s abqut 25-75 m |jn dianmeter, vias |arger
Chan S5beR BN B R By FepaaRE: FC-aEn EEre B ERE & BBk eas ng, of

spiral processing. Skilled persons will appreciate that vias may be noncircular, such as square,

rectangular, oval, slot-like, or other surface geometries.

[0033]  Through-hole vias cleanly and evenly penetrate all layers alnd materials of work

piece 30 and preferably exhibit negligible taper from via top to via bottom. Blind vias do

not penetrate all layers and/or materials, typically stopping at a lower or bottom conductive
. layer. Proper selection of the laser ﬁarameters permits the lower or bottom conductive

layer to remain unaffected even if it comprises the same metal component(s) as the top

metal layer.

The parameters of laser output 40 are selected to facilitate substantially clean,
sequential drilling, i.e., via formation, in a wide variety of metallic, dielectric, and other
material targets that may exhibit different optical absorption, ablation threshold, or other
characteristics in response to UV or visible light. The parameters of laser system output 40
include an average energy per pulse greater than about 120 uJ measured at the work

surface, preferably greater than 200 pJ; spot size diaméters or spatial major-axes of less
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- processing. Skilled persons will appreciate that vias may be noncircul ar,
such as square, rectangular, oval, slot-like, or other surface geﬂ_g?t‘Zﬂﬂ',eS.
[ 0033) Through-hole vias cleanly and evenly penetrate all |ayers an
_materi al SW&O%W&?QZ pi ece 30 and preferably exhibit negligPEFSE243886 from
via top to via bottom Blind vias do not penetrate all |ayers and/or
nat eri akfan AbBM SE ki 3he PP BADB! frém!BV&T1-S0 pRY b irepetien due lof sReater thayer -
Proper selection of the | aser paraneters pernits the | ower or bottom
conduct pbent 1| kjzrpreferawyngrestay r(gin‘ doutd kBzeand mosttpreforbly eves higher tham2thet al

conmponent.(s S the to t er. .Th I ters .of |aser .output 40 ar.e
ol bor oy bad i Bich BB prfBreiy baESH Rt A0S 2L e e ostteRraty blivest {1 s
For mat i gRoutioB03m Ve i 496 nht SpeRifid Prbtrell wavBlleBBS ichide, BiRtthre bt imitdBios! | 2l
targets t hat may exhi bi t di?i:‘erec:‘ﬁgT opt'rceillV abétggptc?oﬁ’, abl ation threshol d,
or ot hel064 haw, 482 em,s355a8n,i 349rme pord dm. UV or visible light. The

» paraneters of |aser s stem out put 40 include an average energy per pul se

gr eat er [4034h apolfe BE FPE%E?E'P@CP%EWE ARPIbF karesglectsd dn ap pRSBRLAB| v gr eat er

W0 021 003t R AT E TR B SfecBRB il Bibo P 631S8 iu e iaPatt L 200
1- 50 m slgorted Rkdn Aboun 15@uns, i fgeRaiby frbMmaboubdPOD nd ok kAver proxilxdaisongr eat er

t han about 5 kHz, and nost preferably even higher than 20 kHz; and a
wavel en¥tih alseappregints thabthrapat s of laseymubses 6this senemllyorircular b ieas Be bet ween

ot | 1 et Gt e BPlayCarhlig Bl OAE GRSR3 ah B, Wiers M- Tre
pr ef er r schogagomnRiied,84n0o9.aser output 40 are selected in an attenpt to

circunvent certain thermal damage effects pa; utilizing tenporal pulse
wi dt hs {0036] ar eBlinchwiascand pasticudabyblindsdan with Jarge diamteseraarg prefessblibout  40- 90

us or | ower...Ski r . Wl | so .appreci ate that e spot_area of
Sser polcaisd i S BB GRS in Which o SRRRRGI6 BB b Pswer e fepfthd
Preferr aﬂmla'\ﬁ:br?ﬁﬁs afid tHehithgdieRBTEIPErSoR AR thE BfdeP 8RMSs ivTelhoPed MatigiheNOS.
5,593,606 and 5, 841, 099. [0035] Blind vias, and particularly blind vias

wi t h | apesend passevich the fycace pEisdagsr puipet eeing belpy the copdustive Yapwm?:é@'m n

bass antiefiBe s At e @Y EbadbfivSlayet B AEte Yeaforhs EFERYI, dmhdlfs Bir,
during tHedases @Gt ARASS thy seborddsast LAERCRd0Eed e d¢foERingOME Pater )t Afd/ee! oW

the conductive |ayer ablation ] .
by increasing the repetition rate, as well as by decreasing the current to the laser pumping

diode 14.

[0036] Skilled persons will appreciate that blind vias can also be created in a single pass
process where both the conductive and dielectric layers of each target are is removed before
the positioning system 36 moves to a subsequent target area 31, Single pass processing is
preferted for creating smaller diameter vias. In a single pass process, it would be more
efficient to maintain a fairly high fluence as the laser pulses 60 begin to remove the
dielectric layer, but as the laser pulses 60 clear away the dielectric layer and expose the
bottom conductive layer such that it begins to absorb heat from laser ouiput 40, damage to
the bottom conductive layer would be reduced by using a lower fluence. Thus, a gradual
defocus of the Jaser spot or decrease in the pumping current during dielectric removal
would be faster, more efficient, and protect bottom metal layer better than using a single
fluence for dielectric removal. These and other laser output profiling techniques for via
drilling processes are described in detail in U.S. Patent Application No. 09/823,922 and
U.S. Patent Publication No. US2001-0045419, published on November 29, 2001. The
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threshold. After the top conductive |layer of all the target are%s ig 9
renoved, the fluence for the laser output during the second pa s J¢ n[mé :

reduced by f ing the laser spot and/or by increasing the re ition
rate, as wﬂgﬁzﬁiﬂgé decreasing the current to the | aser p%ﬂﬂ?ﬁayuﬁgéde 14.
[0036] Skilled persons will appreciate that blind vias can al so be created
in a sinigtfledaiescripioncadsirabiags DUt Rakar applidation No. D923, 922eLt hereinl ayer s
of each target are is renoved before the positioning system 36 noves to a

subsequdBeorparaifek biFeferenee. sjngl e pass processing is preferred for

creatin Il e i . vi al . Sj [, I i nor e
effici eﬁt('ﬁ?@ mlﬁtn\gg?ﬁggﬁ‘%maeﬁr @yth%%egﬁ&fugﬁgﬂc@ t?ieg%? ﬁgat ?%Q%Zr%h%ntﬁtess\é\és%y %’g ngaea into
remove tigahe detallL6f the @bbes/dscribet erdoditiént lof 8aE hﬁ%hﬁ@ﬁwﬁﬁmﬁ'd@ﬁdﬁiﬁg\ﬁbﬁ he '
dielectric |ayer and expose the bottom conductive |ayer such that it

begi ns ttbe abderhtinghpeinciples therenferTheweppe 0f4l; préseni gevention shauld dhercfore, be
conduct i | a |4, b educed. by using a | ower fluence. Thus, a gradua
def ocus %ferﬂﬁ’i%%ﬁﬁyg‘b%ﬁﬂ%?”%@?@ge in the punping current during
dielectric renoval would be faster, nore efficient, and protect bottom
nmetal |ayer better than using a single fluence for dielectric renoval.
These and ot her | aser output profiling techniques for via drilling
processes are described in detail in U S Patent Application No. 09/823, 922
and U.S. Patent Publication No. US2001-0045419, published on Novenber 29,
2001. The 9 - 6 JUL 2005 WO 02/073322 PCTI US02/ 07486 detail ed description
and drawi ngs of U S. Patent Application No. 09/823,922 are herein

i ncorporated by reference. [0037] It will be obvious to those having skil
in the art that nmany changes nay be nade to the details of the
above-descri bed enbodi nent of this invention w thout departing from the
underlying principles thereof. The scope of the present invention should,
therefore, be determned only by the following clains. 10 PONM24G85355. 1
-500011822 - 6 JUL 2005 Clains 6 1. A nethod for machining with a | aser
systemthrough at | east one layer of target material at nmultiple target
areas on a work piece, the |laser systemenploying a | aser punping di ode
and a solid-state laser, the laser punping diode having a current-induced
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cunul ative punping capacity that limts the anount of punping power that
the | ag@liz«sisiDi. e AHo0de can deliver to the solid-state |aser, EUJM?
extended time period, conprising: addressing a beam positione a
first target area on the work piece; supplying current at a first el evated
current level to the |laser punping diode for punping the solid-state

| aser; operating an intracavity acousEl#@ptic Q switch to generate a first

| aser out put , havin t. | east. .aser pul ses . at repetitipgn rate of at
east 2 kbe: bod PRl at SRt ubERoLEs Hiel RS uoud 411! b el el o
remove t@ap@AkI ABhEfipR tafsbOifead Hea WorR pidcal @8aRF Ssterh %ﬂl‘;bﬁ:ly'i!% 4 BRercurrent
supplied to the | aser punping diode to a |ower or” zero current |level to
reduce tpempiogdiods aptha sbhdstatepiangi, the ldser pampmigedioiahavieg b cuerenteindweed o

current level  is less thap the first el evated current |evel; addressing
t he beaﬁ%@?qup%&%aaa%%ém @%@lg@%ﬂtaefé’&!npmgfM%ﬁhatf%ﬁﬁ%e first

t ar get . : i el ' : ' to the
| aser poannnd Gl QB oL AP BB B X Bl BB 0y (e
sol i d- st @mgprisiseer, wherein the second el evated current level is greater

than the | ower or zero current level; operating the Qswitch to generate a
second | aser #ldrgsamgiadhaepypasitiqner tnwardsg firalstarget prgasaghewosk piggeiti tion rate

of at least 2 kHz. and a l.-ng t he second ] aser output to.the. second
Carget area (oPSRG B BLY SR AR SRR PRI BB melhipg TgPEEES. e
met hod  ofudspiak Melsolif-stfie EReSUPPl ying current to the |aser punping di ode at
the first and second el evated current |evels occurs at respective first and

third tine iopeestingl a) iniracanity ahoustppptyc Qesvotehrie gendratetahirst semousputpi ng
di ode at_. the Igwer or_.zero_. current |.evel OCCU(?; t second tine interval,
in whi chhaViRE Hdeast BrR 1assTomdees @h 8 AeRstition gate & af St%o'%"?%;i on fromthe first

target area t | ' | I , In
which the fi r%tpﬁgﬁ%&%g@%ﬁ@g%@gém%tﬂ%uﬁéf %%é%t%ggﬁggemﬁﬁ ér\llzlet sﬁtf%a vary
as a 11 theNMastzafjee&dsds. 1 -500an82z - 6 JUL 2005 function of the |evel of

current supplied to the |laser punping diode, and in which the | aser
punpi ng di odercABING the fureert SYRpHEE &aitheaser anmpingliods 10 OHSROF EGTOtNAREt j i t S

the amul@{rcl% reduce the load on the laser pumping diode, wherein the lower or zero current level

is less than the first elevated current level;

addressing the beam positioner toward a second target area, different from the first
target area, on the work piece;

increasing the current supplied to the laser pumping diode to a second elevated
current level for pumping the solid-state laser, wherein the second elevated current level is
greater than the lower or zero current level;

operating the Q-switch to generate a second laser output having at least two laser
pulses at a repetition rate of at least 2 kHz; and

applying the second laser output to the second target area to remove target material
from the second target area.

2. The method of claim 1 in which supplying current to the laser pumping diode at
the first and second elevated current levels occurs at respective first and third time
intervals, in which supplying current to the laser pumping diode at the lower or zero
current level occurs at a second time interval, in which the beam positioner changes the
output position from the first target area to the second target area during the second time

interval, in which the first and second laser outputs have output power levels that vary as a
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punpi ng power that can be delivered fromthe |aser diode to the solid-state
| aser pAMBlastsia f doboBbz2t hrough third tinme intervals, such that the Iwr 068
zero current level supplied during the second tine interval perpn' azt

| east one of the first and second el evated current |evels supplied during

the first and third time intervals to exceed a maxi mum CWcurrent |evel for
t he | asdingiongef the avehoigwrrangsupphied ty e laspnipuaipéng dipde,tand in whigh thhdasegh

third tine i.ntervals and such that at |east one of .the outpu ower | evels
of 1 he. (PRt AipdE o Aura e il Piimg S crboeih BaP il o St of
exceed ap\ﬁ?ﬁihé’f]dmv%ﬁﬂéﬂﬁ% dediBled FHOMR e h¥r dibde RGht ShIRLA4@ 1askpodr BE the
given pul se repetition rate when punped by the |aser punping diode at the
maxi mum it thooughnthirt ¢ined intelvald hsuchthide dloe oivec loazenoZurrennlevelrsupplied duearg

system has a via drjilling throughput that varies as a function of the
é‘rglegi.‘noﬁﬁ ﬂL

out put J8Gescond jiEesingrval fermis ot thenfrst ard seeandisleyateherTem deyshh put
exceeds ' A [ L1 .

Syt om 1Fppre Sy e BMUDRA g Bineh@r it (o (ed ARBUANIHICW Yuriehificn %6

CW punpetie lsediod® bvdrd CWHtimEHater®Rill BQelvalEniCloahe fidst itirowbh fHirdaie aftervag first
or second elevated current levels is |lower than the maxi num CW current

| evel . SandEyeh Hthat Ablgassfone lofthe quiput pamet levelsecoffthe §rst andl sedond daser eutpiigtabr val s

t | t f ti . 6. .Th hod | ai i whi ¢ch |
i < v Pulse PERRROE pale ke it EW-PRfoed lfer gyt ot mdofids B a) <.
7. Th fos j [IaMERTY of i lied
furine MRt Afl ! giberprlicorcpBilld ik whéd Fa@Pla BRMAer bl b Aie SUPPI 1 ©

whi ch t hmafimuet Ca¥hdurdréntrlevdli me i nterval s represent different amounts of
time. 9. The rre[[_Bod of claim8 in which equal anounts of current are

suppl i ed durihg heaetiadoficlaimy imphighithe fasergysiepphas a vig dritlipg hequebgulyf

it arih Virleq s o B cROHRlpotler SEl Al B TiBeroliB §a uié s Bltula®
suppl yi nireiighp@rdxcieds ahgatifmar CRUpRIMped Bsadea ai'illiﬁghmrdﬂghﬁﬁt fan theslagepnd

el evated current |levels occurs at respective first and third tinme 12
Ponl nd24¥ssestbatioccgrsoghgrpthe daser sysiaon ipempsated at the maximum CW-pumped laser

output.

4. The method of claim 2 in which one of the first or second elevated current levels
is lower than the maximum CW current level.

5. The method of claim 2 in which the first and third time intervals represent equal
amounts of time.

6. The method of claim 5 in which equal amounts of current are supplied during the
first and third time intervals.

7. The method of claim 5 in which different amounts of current are supplied during
the first and third time intervals.

8. The method of claim 2 in which the first and third time intervals represent
different amounts of time.

9. The method of claim 8 in which equal amounts of current are supplied during the
first and third time intervals.

10. The method of claim § in which different amounts of current are supplied
during the first and third time intervals.

11. The method of claim 1 in which supplying current to the laser pumping diode at

the first and second elevated current levels occurs at respective first and third time

12



intervals, in which supplying current to the [aser punping diode at the

| ower roRibd22425365.1 Cddgor@nt | evel occurs at a second tinme interval,gi I__\M?unah t he
beam positioner changes the output position fromthe first taﬁg@‘l area to
the second target area during the second tine interval, and in which the

first and third tine intervals represent equal amounts of tine. 12. The
met hod JREEYa, dp Yhighsupplying eyt tQ HISUATEE PYmpang digds atghe 1‘§¥F;5pﬂrizé’€? during
the fir i i ' r . . f -aJ ' i ch
differ ef}c&n%ﬁﬁl&% chgil{scag?rsgn ﬁat@é ?&%‘%ﬁ‘i’ e'% %ﬁf@gggﬁgoﬁl%&%@##d tinme

i nt er valgutput posifibe fivet hedired tadef hrdakoitie Wabad taggEl Aléal dWGingUhé Setond @indehe
| aser pqrrpi“r;g' diode at the first and second el evated current |evels occurs
at respdstervad dndrigtwhietythetirgtdand rird time tersials represephéqual smpwity ofitimeur r ent

to the laser punpin i Qd t t,he | r or.zero  current |evel .occur.s at a
ocond t oot BT hefiol O clm Ml G Gl AR B oY bl s acS ip R GifiBe
posi ti onpd Eabienhifd fisk ik@FaRt area to the second target area during the
second tinme interval, and in which the first and third tine intervals

represent di fi3erErd matmodf slairh Itli imewhidlb different raidned offcurkeat are sdppliesdwhi ch
equal ampunts of current are _supplied during the fast and third tine
i nt er valdyringdhe firpt apd i tinge intervaky 14 in which different anounts of current

are supplied  duf i nir |0E | r 7 of
ol ai m i wientie el of el 138 Aich SibrE cbRER  thStaackpumiifs Biphe s
cur rent .thd &rst ki@ setdhb @bvaied Guirenit Ibveld ovhirs Bt fedBectiO¥Bikst @l g tilnev el
conprises sufficient current to generate optical output fromthe |aser

punpi ng igterdds, in $hicthaupplyingenresat ¢¢ tierlaser ipampiigediodthat theleyerouzemnt | evel
conprises_sufficient urrent, to ner at.e i cal output. fromthe ] aser
D! ng CAPBLIevS SR Aty iR BREVAT 5 MR OE ReZh SRR UPRE SDARER AT o ¢ he
| aser p | b t ' I occurs
e S i L G PR e Sl
to the linteeval pandpinrhich thedirat andhthirt gimee intervale kepresenr different emeunis of tine. at a

second time interval, i | ch the beam positioner changes the  output
posi tion fromt hEg oE 3@?@&@@ 141gvhigh gqpal agoBplg of spigedt axe supRlist [dREDE he

second tth stiaﬂ&ﬁ{if/ﬂime%?}gnja{} which the first and second el evated current
| evel s each conprise at Teast first and second different current |evel

val ues duri ngeedClie mbthol of tlairmtl4anoviibth differédramounts@T\¢alrent are supplied
during the first and third time intervals.

17. The method of claim 1 in which the Iower current level comprises substantially
1o current.

18. The method of claim 1 in which the lower current level comprises sufficient
current to generate optical output from the laser pumping diode.

19. The method of claim 2 in which the lower current level comprises sufficient
current to generate optical output from the laser pumping diode.

20. The method of claim 1 in which supplying current to the laser pumping diode at
the first and second elevated current levels occurs at respective first and third time
intervals, in which supplying current to the laser pumping diode at the lower or zero
current level occurs at a second time interval, in which the beam positioner changes the
cutput position from the first target area to the second target area during the second time
interval, and in which the first and second elevated current levels each comprise at least
first and second different current level values during each of the first and third time

intervals.
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13 PonL...gg85355.1 -50001/82:2 - 6 JUL 2005 21. The nmethod of claim20 in
whi ch pih@dissHst - apssecond current | evel val ues are applied durd GglUL 2005
processing of a single layer of material within the target areas. 22. The
met hod of claim20 in which the first current |evel value is higher than
the second current |level value, the first current level value is applied
during processk-nghemegodaficiaim 20/ which Hiefirshand sgeged curengdevehmaluesharesecond

current | eyel .value is applied durin rocessi. f a dielectric |ayer
Wthin RRE e Brosketiber Snde iyt of BRRSE Stiflh e iigll 15 he {1 oY “and
second el evated THE kRiod ST\l 2(PROPNIER MY fifcdtred: §8R1 vAlLE %m?ﬁl& §arfrd
different current |evel values during each of the first and Third tine

i nt er val scoRUcurfdne level halde,athe dirstionr2st lemelwhiwehis tappliddi dusingeprdeessingoflacur r ent

| evel val ues are _applied during processing of a single |ayer of material
within tTE Ewgre\vltﬁméag Fafé%t.afflﬂﬁe&‘g%?h%éac%d qureeneyel yaluejsiappligdduring st

current rgg&%mg%lflé%{;}é?tﬁh%%ggggﬁlg%f{%&re?%%ggd current |evel value, the

first curren evel value’i's Ing processing of a netal |ayer
within the tayeTheneéod d@ithitlBibRERAGhE Hist and sécoXe elevated eufrentapwils ed
during processing of a dielectric layer within the target areas. 26. The
met hod ofachcainprige atlessifisst and secondiffereniyameanaleye!l valsesrdusingsach af the first

repetitio [h"a z of . _?ereaalter than 20 kHz. 27. The nethod of claim2 in which
t he stﬁl{&c ré W L8 -a5er pulses at a repetition rate of greater than

20 kHz. 28. The yRE bfthodlofiftinalinl Whith kel fidshend sdcdhd Alttert G5RNJalheSse

out puts conprise a wavelength that is shorter than about 400 nm 29. The
met hod odpptieddunig processingofthengle Agter afi chaserimd ndthimihe targeit gredss conpri se a
wavel ength th is shorter. than_about. 400 nm 30. nmethod of claim1l in

whi ch the first Shemediagf 9aiEes3 E‘u‘F%‘EHhecﬁWbF‘FS@tIQV%h&?lH%Fﬁ lagléffrt_hantlhed_
532" nm AR QR Ganie o B cnfent ) aRS) aphea i RO Sing OFK 1, 12

first antlemabhgadwithisahe cip@uiréass ombthesecond diafedbleivel walucsis \apmeddemméig emtted
5

by a YAG YLF, or YYO4 |aser, such harnonics including 532 tun, out,
349 nm RIPCcessiBE e diclectmp dayiep wiién B tatga #/€as.i n whi ch suppl ying current to

theslaser puny. n’?héjin%ﬁl%d%tf claim 1 in which the Q-switch generates laser pulses at a
repetition rate of greater than 20 kHz.

27. The method of claim 2 in which the Q-switch generates laser pulses at a
repetition rate of greater than 20 kHz.

28. The method of claim 1 in which the first and second laser outputs comprise a
wavelength that is shorter than about 400 nm.

29. The method of claim 2 in which the first and second laser outputs comprise a
wavelength that is shorter than about 400 nm.

30. The method of claim 1 in which the first and second laser outputs comprise a
harmonic of a wavelength emitted by a YAG, YLF, or YVOu laser, such harmonics
including 532 nm, 355 nm, 349 nm, or 266 nm.

31. The method of claim 2 in which the first and second laser outputs comprise a
harmonic of a wavelength emitted by a YAG, YLF, or YVOs laser, such harmonics
including 532 nm, 355 nm, 349 nm, or 266 nm.

32. The method of claim 1 in which supplying current to the laser pumping diode at
the first and second elevated current levels occurs at respective first and third time

mtervals, in which supplying current to the laser pumping diode at the lower or zero

14



the first and second el evated current |evels occurs at respective first and
t hi 1 dpddo¥Bagsssdit Sk 1N which supplying current to the | aser Qﬁﬁp&@ggmﬁ
di ode at the lower or zero 14 PoNnd2-04S5355.1 -50001/82:2 - 6 J

current |level occurs at a second tine interval, in which the beam
posi ti oner changes the output position fromthe first target area to the
second tewrrgat lexelecccutyrat agpeconsl e enterval, e whicht the\bgim positiph¢rothangss theam

Pt S HERAEE A R B SR B R A i °
ourt h tihillyal A Gh¥R e Biin ﬁ&gﬂ@%ﬁ?&;ﬁ]\% @1? c{uﬁ%ﬁ%snﬁﬂ?% e sE%cIIHg d%fg@fn t hat

of the second tine Interval, Faser punpi ng suppl i es
a secondarbowea third digcretedangeertea hfteethe dbird tighetihervd and dbrihg adoirtt #megal . 33.
The nethod of claim2 in which supplying current to the | aser punping diode

at  the infereR! thaidenresestin ieyent amonnt ofcime froppthat ettgsecond e pdavalvand i r st
oo P e B ot e R9BIoMy T 67 284 okl i BT, o7

di ode at o curr a second erval ,
i n whi chfoliAB tiARaimepeal t 1 oner changes the output position fromthe first
target area to the second target area during the second tinme interval, in

whi ch the beald.pbhet tiethedrofchaamglin whish suppiyingrosient orthé tasen punepisg didg at

t ar get rea to.a third discrete target area duri.ngg? fOHrqtl,ig t.ime interval
that r G dEHE0d Sechirelialt cuzivBt levels poptial resBratvs estand thEd BBEond t i e

I nt erval; F | | ' : | | ower or
zero curlPent ?'e@éﬁmﬂﬁﬁpﬁgﬁi‘%mﬁ%’ﬁ?‘?%@%%@&gﬁw@gﬁémﬁn@t (F){)d of claim

32 i n whiurfent leeel anoers atarseeorid tiraw ddteraal] ih hrickethe hearh positionershaegys thevel are
different. 35. The nethod_of claim33 in which the | ower current | evel and

t he secoftiPytgReiion fiam g figseipeset area 1githe wcend targy aregduring e gecondéimg m 1 in

whi ch vi r E H?P C Fe i | - pass’
operati oﬁ&rgﬁi ﬁh&ﬂ@cﬂnﬁ% 0 os@t?c%e%?ﬁ&l%%s %n%yoglﬁp@ipggltlpﬁﬁéggﬁie%ﬁ&en%ﬁﬁ%ﬁ?one
target |ayefo afterd digdre@dadget £red diHhE a Josith ARR iafehaD thad Sepréseh@sediffepat em f or
machi ning at |east one |ayer of target material at nmultiple discrete

target camacunt ghtimefeom tht of the scoonst iiwe agferval, smidiin vdich e |lasse pumping diode

gener 2t iR A S5k e or 330 RERSP RS Engl il bR D oveput

34. The method of claim 32 in which the lower current level and the second lower
current level are different.

35. The method of claim 33 in which the lower current level and the second lower
current level are different.

36. The method of claim 1 in which vias through more than one target layer are
formed in a double-pass operation.

37. The method of claim 1 in which vias through more than one target layer are
formed in a single-pass operation.

38. A laser system for machining at least one layer of target material at multiple
discrete target areas on a work piece, comprising:

a solid-state laser for generating at least first and second laser outputs toward an
output position along an optical path;

a laser pumping diode for pumping the solid-state laser during at least first and third
nonoverlapping time intervals;

a variably controllable power supply for supplying an elevated level of current to the

laser pumping diode during the first and third time intervals and for supplying a lower or
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a laser punping diode for punping the solid-state |aser during at |east
first paieaigsdss d. soppgaver |l apping tinme intervals; a variably cont_rﬁl i@slzﬁns
power supply for supplying an elevated |l evel of current to the a

punpi ng diode during the first and third tinme intervals and for supplying a
| ower or 15 Ponhd244S5355.1 -50001182:2 - 6 JUL 2005 zero |evel of current
during azesedéygbiof ureent duBRg alseqpad imemintayalitiepweencthel firsijapd thirddme intervalsl s at
a repetition rate o e kHz; an intracavity, acousto-optic Qswitch
for pr ovﬂt&rﬁﬁe@{onlr@{fscﬁlattbﬁ?%f% >pul ses within each of the first and
second | aser fnRHESIIGURERSEL-GRic'@IRMER KiSprbliifilg ANchst fhd Msdr filsel Wiy al s;
a beam positioner for addressing the output position of the first |aser

out put teashof the finst sid sexopdiaser @apuisidiring theae$pective firstrend thisk tmaé imenyals;

addr essi ng t he, out put, gositiow of the second, | ase 8%@ toward a second

target area dhPFasyPeHEORSE;forjaddressingthe pyipnt BoRitiqnef th S5 OPIRRL (Giapd,

positio fi : ] . |.ng the
second 'ﬁhf ﬁé&%‘{tg?vaq‘{rﬁ]gn%éﬁ&}tn e@?e argg EE{:](@%{ZI ?%ﬁﬁggﬁﬁ eﬁf"ﬁé&tﬁ%ﬁg?g?ngi rectly
coor di nadecogi Redri otitput tOWardiesdoomiMar g atdal GURINEGHE itdetime tiktervabmer fosuppl v,

and the Qswtch, such that the power supply supplies elevated |evel
current ¢hgnging theyeusputpaspiondremn dereficst targe) ar¢netofthe second dargetiarep during the

i nterval s wh Hmt he first .and second | aser outputs are being generated and

| over orsef%‘?cg Fé’il}ETVEL ent during the second time interval when the

out put posi ti gninte3fRe LHsr B ARECHYSH: inEfi'.i‘@cdgae%%fdiﬁ iGdty 6f HePead 1 N Whi ch
the first and second | aser outputs have poOwer |evel's that vary as a

f unct i orpositicning dystedd, tld powenr supplys apd thed@-stwitch hanch aksa thepowrrsgpplgti ode and

in which the |aser punping di ode has a current-induce unul at i ve  punpi ng
capaci t yS“LPHE‘FS ql?‘fﬁ‘f"!s)lefﬂé:“g‘??ﬁhm Lﬁgﬂass{,pﬂgpwgg ;S‘éﬁﬂ@rd“trwgt[g‘& éFFt BRed HHrg tBEed from

t he | | f e : | ird ti
it or var 2 LS fned o 50 SR Secoid LG QASR; aing Bchddind IURLBEHY, g T
t he secoledeltcuffent diriigviat sesnditinte ineval vehat thel oliueposidion &8 bein@rdhasgadpl i ed

during the first and third tine intervals to exceed a maxi num CW current
| evel for the39 -afbe lagerotystesy af claincif in ywhichithe figw and geqond (1&gt oetputs have j r st

ana secdiar it e 780 8 4 GRAEINE R s RBEB R B b run
CW punpedlodsRT inomiiBh thef 1aser paghpigSeiod RSN 4! Birdéntlifduced Eﬁﬁﬂlaﬁié\é/\?@nﬁﬁ@et i tion

rate when punped by the | aser ]E)urrpl_ng di ode at the nmaxi num current
| evel . capacity that limits the amount of pumping power that can be delivered from the laser diode

to the solid-state laser over the first through third time intervals, such that the lower or zero
level of current supplied during the second time interval permits the elevated level of
current supplied during the first and third time intervals to exceed a maximum CW current
level for the laser diode over a CW time interval equivalent to the first through third time
intervals and such that the power levels of the first and second laser outputs at a given pulse
repetition rate exceed a maximum CW-pumped laser output for the laser medium at the
given pulse repetition rate when pumped by the laser pumping diode at the maximum CW
current level.

40. The laser system of claim 39 in which the laser system has a via drilling
throughput that varies as a function of the power levels of the laser outputs and the via
drilling throughput exceeds a maximum CW-pumped laser via drilling throughput for the
laser system when operated at the maximum CW-pumped laser output.

41. The laser system of claim 38 in which the first and third time intervals

represent equal amounts of time.
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40. The | aser systemof claim39 in which the | aser systemhas a via

drill bhgedshbsnugiputzaet hat varies as a function of the power |evel_sgofijt 1805
| aser outputs and the via drilling throughput exceeds a naxi num CQV t“‘ﬁped
| aser via drilling throughput for the |aser system when operated at the
maxi nrum CW punped | aser output. 41. The | aser system.of claim 38 in which
the first andZ hfhelasergysient ef dlaims 38 inwhichdhe fiesgand tirblime dotefvalsi ne. 16

ronlra2 - 0 : .6 JUL 2005 42. The | aser system of claim 38
in whi cﬁ}éaég%%j#fé%g‘gtn#%%%fﬁgﬁe intervals represent different anounts of
time. 43. They3 apgd 1a8aSdyeiiOdf dhisd B8 EBwhithWhé Slevitbelefbryiuefént Qipplic®f

current supplied during the first and third tine intervals represents an
equal ardhumg thé ficsiand third Hme 1Miceval orepresents ap gqud] agiounheB3@rient.whi ch t he

el evated |l eve], of, current suppl.ied,_ durin he fir t] i nterval, i s

i freront fr ko hue bbb SEURRS 38 i the eyt leyel G surt bilied o
time int I HeintdoAlis § | ’a%&%]ieQ i el rent
| evel co‘ﬁ%r st'gesﬁf)sst lﬁ%‘gbflgne??allf yﬁ%&gplﬂné%e?él? ) eell ascg{;}efs“!;és%lp Eﬁ%@? c|gai m 38
i N whi chhe bBgrdelime asitecial.evel of current has at least first and second
different current |evel values during each of the first and third tine

i nterval s. 475.Thee Jaseresysspselerlnig: 38 imwhichahe lowemicurrerevelicomprisesd second

current | evel .val ues are applied during processing of a single |ayer of
mat er i alsuﬁ)ft‘fl?ﬂa\f(laytl}?ecwpé'et areas. 48. The | aser systemof claim46 in which

the first curg@nthd Y& sys@hd'6f disind B8 iewhichBdeletifted RELNSE GiFenEhids digyat
value, the first current level value is applied during processing of a

met al | dfyrer andi sehomd dififerent cyerentdeecd yaluas duting cachaod e ficst apththitdetimee val ue i s
appl i ed .duri@rfsg processing of a dielectric layer within the target areas.
49. The PYEWS-system of claim 46 in which the | aser systemhas a via

drilling t hr@}%@gﬂ%’l}méﬂ%teﬁf? in?d6 tﬁ}]wﬁﬁ%@ﬂrﬂn& Qﬁ:oﬁ&‘é’ﬁﬁeﬁﬁ}é@él sthe

| aser outputs an e via dri g roughput exceeds a maxi mum punped
| aser viae dpplidd dwidghprocsghipg tof baingldlayel afmatediyiswithinuhergperated at a
maxi nrum CW punped | aser out put. 50. The | aser system of c¢laim_.38 in which

the first andsethnRstrayaenbel Jaims46 ibwhichdhe Arsisyapridlgyel veligds highehor t er
than abqyl, #RQeMRd current level value, the first current level value is applied during processing

of a metal layer within the target areas, and the second current level value is applied during
processing of a dielectric layer within the target areas.

49. The laser system of claim 46 in which the laser system has a via drilling
throughput that varies as a function of the power levels of the laser outputs and the via
drilling throughput exceeds a maximum CW-pumped laser via drilling throughput for the
laser system when operated at a maximum CW-pumped laser output.

50. The laser system of claim 38 in which the first and second laser outputs
comprise a wavelength that js shorter than about 400 nm.

51. The laser system of claim 38 in which the first and second laser outputs
comprise a harmonic of a wavelength emitted by 2 YAG, YLF, or YVOs4 laser, such
harmonics including 532 nm, 355 nm, 349 nm, or 266 nm.

52. The laser system of claim 38 in which the beam positioner changes the output
position from the second target area to a third discrete target area during a fourth time
interval that represents a different amount of time from that of the second time interval.

53. The laser system of claim 38 in which vias through more than one layer are

formed in a single-pass operation.
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"51. The | aser systemof claim38 in which the first and second baﬁ 0
out pubdgunazearEps il Swoodszar noni ¢ of a wavel ength emtted by a YAG YLH C?ID I“i/VOﬁl
| aser, such harnonics including 532 nm 355 am 349 um or 266 urn. 52.
The | aser system of claim 38 in which the beam positioner changes the
output position fromthe second target area to a third discrete target
area during 2% olhg laser system of daignp8 i whichapastbegiel morgithan-pnefarsghlayge  of

time fr t : ' interval. 53. The | aser system of claim
A E&ﬁ;ed% a c{b%bgaﬁﬁar%g Iggérlfl{igl:h

38 in which vias throu one layer are formed in a single-pass

operation. 1755°0THd lagédystem df c15@D94 iBwhih-thébdabodB8fer chdnged iR hiasRr

system of claim38 in which vias through nore than one target |ayer are
f or med ipesHiondtim shqpsesendiasgesaraato a3hird Thseréte targetarea duningf a fugfhrtirgs i n

which the b iti I h iti f h d

ar get - aRieRal ok Fepipietc LEREE Shonacht g rom BRe e Rerad et RVA e r val

that repgRse Eﬁe\i%@t %&cf ﬁﬁfdﬁﬁﬁe :ﬂﬁ&%gﬂs caﬁlp(}jiwﬁif?e"ré’dl‘tﬂeﬂﬂﬁﬁ of tiﬂ]@,ealﬁ%ggﬂ%'étb&m
ich the and thi t e I

interval, 1In frrst Ime I ntervals conprise er ent
peri ods lefeltof verresrsdpplieel diringethe dirst!teneinterizalcs diféerentsfogap fheeeleehved legeltdfe
first tinme interval is different fromthe elevated | evel of current

suppl i eccuasnt supplipd duning grerthisd time igteyydl. 56. The | aser system of clai m 39

fundament ol itoeris BPYRAr OREYT 30, YRR (FER o obifpfled'f BARRLRR o
current thasis a HABNGEE Of ¥ FhktRamentd ﬁd@@le%tﬁv&fisiﬁbd B¢ 0 AliaStdie feér, e BeErat a

repetition rate of greater than 20 kHz.
level current has a nonzero value, and the Q-switch generates laser pulses at a repetition

rate of greater than 20 kHz.
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