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tw ce as nuch as that froma conparable CWpunped | aser (especially after
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having four |layers. Top and bottom conductive |ayers may contain, for
exanpl e, standard nmetal s such as, alum num copper, gold, nolybdenum

o, . - o oy . o o

appr eci fhvE B@tg tﬁrog.\ézrp . i&ﬁfmﬁm H&lc@.&ﬁoYr@-Egﬂﬁhéd%Pw ﬁ&&ef%?feg-nesg%%“ oni ng




The paraneters of laser output 40 are selected to facilitate substantially
cl ean, sequential drilling, i.e., via formation, in a wde variety of
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| acer  PUNSPACHORS! ML RICEH EHEIOR IS Mol SLI R0 (EBRR SR oo
! S Hids B A :
el v orafit FREH ot MBlel 491 02e, A% o 090 Shy RURUDE- X Bhcl OBl SARY 0% 1 <

t hr oughgrivrs.d Alli §62d bR ISBILY,dhé. ofBadtTobd)aalifbmid.oner | evel of current supplied
during the second tine interval permts the higher |evel of current

suppl i 00ALF i ngThenepositiening sustenh 36 Anaviepthe bragt Qutput pasitionde Adew et #1ed CW
current, leyel .for the laser 11 WO, U2/.073322 PCT/ 2/ Q7: 186 .punpi di ode
over - a th {RreRRear GaniE aur o S RIcleChIn A & CHRFIIGN ST PRoiPHE el

| nter vaérﬁ;tﬂagg abldadt tﬁﬁﬁfmw&éﬁgta@?%fndtﬁﬂg?hﬁcﬁhc%ﬁeﬁﬂ Bebived@rgte aRA¢ 3l aser
outputs a gl ven pul se repetition rate éxceed a maxi num punped | aser
out put gmotkersalveve! different werk pisess 30e di arpreferreti empodimmenp uthe drandatéon stagm r at e
when punped by the |aser punpi digde at the maxipum current |evel. 3.
The ot PRRHGI i &SRR SYRILNOEISE B HASEOHSRtork IR 200 pbripEst  and
second : %4 1&@@ | ey, | evel ,
and thell‘n? ??gs% %ﬁgyﬁggﬁﬁ&ﬁ%@%%@%ht S r'ggs{%%ctl @I’y r ennd\?g&%ﬁns?&wgﬁner
target feCkiagk ahd Ynstigecmby alsd baadjustblen dThapgstiomngemitrors. aligh¢heveptivatl of
claim2 in which one of the first or second zr;lilfgher current | evels_can be

| over tpath 22+Bronghiany imtoybeteer kaser essanator; 12 aubthefas hgammositignes. 2The, whi ch

the | aSEst gé’a%tl le)(rpsigglffer %a\ifi for gyrca{nlul)lie %gaptlé]yr Rf‘égr}&%tlution 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 Electro Scientific
Industries, Inc. is employed to perform alignment 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 deterimine 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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that varies as a function of the power |evels of the |laser outputs and the
via drilling throughput exceeds a maxi nrum CW punped | aser via drilling

t hr oughpwo 0me73812e | aser system when operated at the nmaxi ROEAUSI/§dBped

| aser output. 6. The nmethod of claiml1l in which the first and third tinme

i nt I t t f ti i n which,, | amount f
bur T oo st SUPRBE i, ThA PR ot carteghin Shtemy s be B e8I 5, 0
t hod - . . : . ) . . N
g? ff gr n%mgérrllajeE%éCdo ?I n%@og i&fe&ﬁréal%shoge%?bgl?aqdmgéﬁs?%%ﬁm%}{?kﬁlag efﬁ Ii&? st grmunt

of cur reefsorirsadingydridesbt dmrabsglutehaeciinacys bf thensensortreadings. aiSdclaar Abbel eenoount  of
current is supplied during the third tinme, interval

> ) | I | ,a&dth&fi%sqtoa{]dthird
iam)unt scasrectoR f)@mﬁllasr éeSGﬂ_ e inedatail Hllnm@l‘t%%‘@hgbbléﬁah@‘ omWO0;01/ ¢ h]t ge f
ouet A GEE 15206, SR RBBAIR ¥, AR Arifouiln gt o o

cl ai m 174 rocurren vel's are

"modul at @gtobQ ROPPOL S T Rtrele9@tipoktidlofansldisclonite ofithd eoreRpokliig EINS. Pavel

val ues during the respective first and third time intervals. 11. The nethod
of cl ai ApgloNon 09/%56(030nef Cutlestare bereimrincarporsited/by tefeteacehi gher than t he

second current | evel value, the first current |evel value is applied during
processiOfgdlor  Many ¥aratigpe pf pesitigning Wéteffésrgé?rea‘?’%lgg?(’% ﬁlﬁlllzedsecond current

| evel v . | ' i f, i | Ct nthin the
tar get  eftidrRr Rl {eie ibodifels 3EBOTHAMRE sy et B € bdciivediaeiif D 10e,
whi ch t ges.fPat S0 25353 585 Cutlee et 81Ut Thet BSTHsfodeliB20rmicemda drillingtsystemy as a

function of the level of current supplied to the |aser punping diode and in
whi ch t #iailable dronpidectie Soientific ladustriese fng | af Portiands Qregemis atreleiredi st or t i on

that limts the.amunt .of .punpin th j . er
e BBt I RO e P B8 R bl chener
of puNPERGePPNRhg&UIRP hededtfordidicint®s! OB@! profetved pasifiditnd HBRath duchas

i nterval permts a higher |evel of punping power s;i)gl led to the |aser

medi um Modehserieh awinbesst 27xmd 431K, rddxx, ored3xx; enanufactured by EdsseroScipmfifieum Cw

punpi ng. power for f | aser nmedi um oyer, a ti L.nterval eqgyiyalent to
the fi r mdugthies, g6 p::l,?qrga{a w%r%’ﬂlee‘?a%}éxsg %%XM@W&S%W% a;/Sé’vel s of
the fir . ~ | I out put
For t he s YR G sleRs i LB X e o B A PR O
met hod ®éant peditior 2od/or vtionary lgelvarsmretersips beamipasitningamalr alkdriatiyetyhbooughput

that varies as a function of the power |evels O{x t he | aser out puts %nd t he
via dri pmpleyed. 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 output 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 second 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 lower peak power can

be used for drilling dielectric layers, if desired. Similarly, the time periods for current
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t hroughput exceeds a maxi rum CW punped | aser via drilling throughput for
the | aser system when operated at the nmaxi mum CWpunped | aser output. 14.
The met hawbof/owb® m 1 in which the Q switch generates | as@TASIBEI8@t a
repetition rate of greater than 2 kHz. 15. The nethod of claim 1 in which

the first and,seco | aser outputs conpri.se vel.ength . .that i,s.shorter

t han atRRPIRSHIERYALS .ca?ﬁ’g aﬁl&s 0 ltgﬁ%f’ﬁ?’fgpﬁ\ﬁﬁﬁﬂ?%?r% q?i%?es‘flaé%gesecond
| aser ' ' Vdi S one of
{he: harbioBsshe, SOPE! gk ciiat AN RIS fof efpBaifmeb s, BIG DACRAZH o0
532nm @momstrateahat A6 1a8¢n sydtem T permeits) ddt ddesaloarequire] manidble peridis dfeam

posi ti oner changes the output position fromthe second target area to a
“third deuseens pempinggaiervaled0 and variatde perigdsibetween qupteat PumPIgdRterdly Went s a

di ffereni. agou of . ti from.t hat of ~ih e | ' | The
et hod BPIE MR Gy Belé G s SIS Bind TheGpd FELR ML BopBYE, KR varidPag 17
'pass OP@ER! if ARsirabi fof MBefBhtpRLp@Filmgai m 1 i n which vias through nore than
one target layer are formed in a double pass operation. 20. The nethod of.
cl ai m 1[0087hi cPhevjuasi-CWr pumpingwepetitionmateican eagikyche madecas highas 3rkilsd in a
single pass operation. 13. WO 0 73322 PCT/ USP2/ 074SG 21. A l.aser stem
For KR gk e Beiveg e GRas CBY DRBPOSIICRY Eve to 2F ConrariisdoRs ax i o
t ar get ' L sing: S0l 4l - : 6 eBEigdm
ot 1 oeart B YDt R58 tosklPBinb A Dc SN0 O Bk e R BRI,
second tediplelyostindtahsort elew dheérmab damprge eoelst i on al ong an optical path; a

| aser punpi ng di ode for punping the solid-state |aser nedium during_at

| east f[0028] andntone embadimspé, the gindey 14 iané ppwersupplys 34 of a CW pumped

UV laser system 10 are changed to be conducive to variable current pumping. The

resulting laser system 10 is able to run at a duty cycle of 2 to 1 at 500 Hz. The diodes 14
pump the laser medium 16 for 1 ms before they stop for another 1 ms. Thus, during the
pumping period, about twice as much current can be put into the diodes 14 (without
adversely affecting the average thermal loading on the diodes 14 or the laser medium 16).
Thus, the laser power during that 1 ms pumping period can be more than twice as much as
that from 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 laser 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 microcircuit. For convenience, work
piece 30 is described below as only having four layers. Top and bottom conductive layers
may contain, for example, standard metals such as, aluminum, copper, gold, molybdenum,
nickel, palladium, platinum, silver, titanium, tungsten, metal nitrides, or combinations
thereof. Conventional metal layers vary in thickness, typically between 9-36 um, but may
be thinner or thicker. The conductive layers are typically made of the same material.
[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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a variably controll able power supply for supplying a higher |evel of
current to the |laser punping diode during the first and third tine

i nt er val sy@ozloBex2 supplying a |l ower |evel of current duri RGTASBHEENH ti me
i nterval between the first and third tinme intervals; an intra-cavity,

t - opt | i 1 for . i di. t | t 1) | i L hi h
of "t ne ot GravELion premiB ARt Bt iR oo BB RERSF A G T
time i RSN fiuch tRERP (RASIE RSN 1ay@s. 20PERAFINY thiaﬁn@ymge foP6idabfen of the
first laser output toward a first target area during the first tinme

i nt er valielacudicdalybre $ssabogt 30d0Gpiput position of the second | aser out put
toward a second tar_get area during the third tinme, interval and for_changi ng

“the outlB081lposi e sliclesterlayge may qonfain g standard; ginfercement comRoReRfthat, r o
duri . ey . A > g% ! I
Mt ¢ ocPAS IREERE b o brdilrscd AR DS GORMIE Wil S8R, (il ¥ 0L

"suppl y, oraglakst weven didispebsed Shiolghdifthd biganiewli¢lectfit P @onventiumal esnforq@hent | evel
current to the laser punping diode during the first and third tinme
i nt er vatompenentstane typicadly individyalcdilaments os pagislgsafabaviel A8y inzeind/etl and

| ower | evel current. during the second tine inte | .when the, out put

pos: 1§ ooYen Bl e i S sorsfor BRASRs bf HEcroft.Sblea PERRRL V) SPRAM | ne
fast a ﬁ%@ﬁ i I I aiel i on of
t he Ie\r/'['(le1 0 cﬁbremfé%%nl@?%?@fhe }&gésee(irﬁ urrpieir-l%ﬁctﬂ g%eo\f %ﬁgcilr? é\f\kh&?\égh t he
| aser pamip¢anchechcadentip®us andinommiformd Sueh compusite onvreinforeedrdiclactnid kyexs

punpi ng capacity . that limts the unt of punpin Qwer 1 hat can be
del i ver¥BIceHy Fequite lases Procesang ak %ﬁ{gg fluence ﬂ?ﬁ?dﬁ@%?&é? apRge ynremforcad o gh

1078 Rk M) S Rod A Bl aple ISR LR g 0

t he secon Interval ‘permts

during fnk@ndlty féncdfifigidis | SbruiniTerrh DAY NeHlevel .0 SEXRS ddvingnexérallay&¥ofur r ent
| evel for the |aser diode over a CWtinme interval equivalent to the first
t hr oughmetal,rdiclectnis, and einfaresmentimatesial,inax be uckeswiean 2 Bd| s of the first

OW purpBi37he orVig tifitien si iRt Hoke B S5 uBP i bbb IE St age
medi um gloghBevidh Mgk hRtt Si8mERRELS drhfllad Mokt mgmﬂle B RES N hAD € mrAS BecA@Pi NY

di ode at the maxinmum CWcurrent level. 23. The |aser systemof claim22 in
whi ch t the prefeered sipbtashspotisizaof/ laserdmildelsicigs abow 2GHSumtih diameser, ¥tasdargar

function of the power |evels of the |aser oufputs and the via.drilling

t hr ough‘E’lﬂl 2@%@%@5@'@?@ pquhympﬁaﬂlﬁgdc%gggmc\ﬂlrgfedprpp?siswé, OhiRitA hput £ or
the |as : ' ;,(yg | aq8h aPNGRYE - 24,
The Iasgocgiéﬁgg?nswggpgﬁgnﬁ%ﬁ%@\%\%é%ﬁﬂ%%)é%gi r st ang th?lrad’ time i hterval s

I epr eserdctangul, evabusioslile, ot other s@FaceTgeenletrisr system of claim 21 in which
the first and third tinme intervals represent different apounts_ of ti

The. I astV38] st cRITOREEae H ORI MY encPTeiE Al VTP 260 TR 0 WO | oo
ourt 09 b, S0 PG e L BofHASAEE P BFR i Ok
cur r ent psiuskir@® all layers and/or materials, typically stopping at a lower or bottom conductive
. layer. Proper selection of the laser parameters 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., vﬁa 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 pJ measured at the work

surface, preferably greater than 200 uJ; spot size diameters or spatial major axes of less
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during the first tinme interval is different fromthe higher |evel of
current supplied .during the third tinme interval. 28. The | aser system of
claim21lwmomdvissz t he | ower current |evel conprises subst ROTiIUSD1/§7480
current. 29. The laser systemof claim21 in which the higher |evel of

current has at |east fjrs d _second different current |evel values during
each ofthfthabaqut 5Qtumg,and; H;ﬁe%eaa?‘qqy from Abqut gagosff‘méé Tepglition Jatg ro‘%%eémlﬁﬁ claim

29 in wh | fasied evaRRbh&@dnalis ng
27 ocos el e, bididianf\reRleF B B £hie; SEnoUTnbRIal EvaDRgha Uda0 10
| aser spi$; eimd of wavelnpt Praferablyl sebwédneabbur $90-532 nenytand enost preédraisly ibstweegher
than the second current |evel value, the first current |evel value is

- appl i edabout 23nprand=A09i ny. Specifiepreferrediyavelangths include, bt yyenoblimifed thnd t he
second rent_Jevel | ue ,i.,s appl.i during processing of a dielectric
| ayer \Aﬁg&iqﬁn’t 4y géfng},ggémgfr ﬁﬁémf‘aser system of claim21 in which
‘the fi r@hg@nd SQ@EGﬂffe?r%ﬁ?a%ﬁ&&’s%f RAYEORPWEAD hidViRlettetiNatan RéipeH 2

e

functio the le of current supplied to the | aser punping diode and in
whi ch t tiecunneat certaiin thermahddmdge effeets fogl utilizingeemporad prise atidshe thit areor t i on

that limts the amount of punpin ower that | aser nedi an tolerate
over t hehorter thanabpui, 0 %iaﬁe%fﬁgﬂbﬁfrﬁm@i@?& 4@'96 S Oh AW - W‘?’dcﬁ"’éms of
punpi ng | i ' I d (o [ Lot erval
DU PSS Rl fad e S 4B B 14 Skt G By GRAADCIof A, b0

PCTI USOq{ghily Rfligtieal. NPref@re€l Unveldiatrdrillifig paraineters hresdisclondd iy, §l. Patemt Nos.

Intervals to exceed a maxi num CW punpi ng power for the |aser nediumover a
CW t i me5;588 &06and Se841v89Bnt to the first through third time intervals and

h that A | f the f.irst. | t d
ot 38T A vie 2o ety Dl inE e TEE am RS S Bty T he”
maxi Mum, ENER BRI (R Wﬁ%&oqeg'@in Whigh hiRS®ndadtiieady & fof hRkdrpetZartdd ivhéhidvddhe

| aser system has a drilling throughput that varies as a function of the
power | aviak Sirsifpashend tdearthodicfeotric layat fonhell whetaoget latdan ds temayed dpring theceeds a

T Rk o o Sl BSAEBtond e coBc 2l YO0 "
o "o oSl 85419 Gh B0 PEBE! o QAR e By O Bh 2
and secg@pdader Datpu®diring shecseopid pas aawby eddangt by tbfotusing tedadee spattand/cabout
400 nm 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
preferred 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 output 40, damage to
the bottom conductive layer would be reduced by using a lower fluence. Thus, a gradual
defocus of the laser 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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36. The |l aser systemof claim21 in which the first and second | aser

out puts conprise a wavelength emtted by a YAG or YLF | aser or one of the
har moni csy@b2/em38i2 wavel engt hs i ncl udi ng, but not |imted POT/US0G@486T
532nm 355 nm or 266 nm 37. The |aser systemof claim21 in which the

beam posi tigner changes .the output position fromthe target, area to

a t hi r detiled descgipfign d’é?r"@ﬁg%ﬁfﬁr%p%‘t‘?néMHCQtF%’BNPnQ@%g’I@%ﬁﬁﬁ & esent s

a diff ;e fromthat of the second tinme interval. 38. The

| aser E{i@?ﬁ%ﬁgﬁqﬁrg%%f'i n which vias through nore than one | ayer are

formed [008A si hobill askRicapad ahosehayingSkilllinethe astehatayaiyechangescinay be afade n

whi ch vias through nore than one ta&‘getmla er are fornmed in a doubl e pass
13e

' oper at it the dedailsoidhe alavie-dgperilead espb his Anygatien withoub deparisgsiromoner

h th t put . it f th [ i i t
Car ger tas BSORlyiRbrifkes et e soPus GERE BrésPhieRioiPblie et o2l ©
ramount qferfdifE Jﬂf@&ﬁ%nﬁmﬁéﬁﬁﬁ&?ond time interval, in which the first
and thlr(f time intervals may conprise different periods of time; and the

hi gher | evel of current supplied during the first time interval may be
different fromthe higher level of current supplied during the third time
interval. 41. A nethod for machining with a | aser systemthrough at |east
one layer of target material at nultiple target areas on a work piece, the
| aser system enploying a | aser punping diode and a solid-state |aser, the

| aser punpi ng di ode having a current-induced 16 W O 02/ 073322

PCTI US02/ 07486 cunul ative thernmally-rel ated punping capacity that limts

t he amount of punpi ng power that the | aser punping diode can deliver to the
solid-state nediumduring an extended tinme period, conprising: addressing a
beam positioner toward a first target area on the work piece; supplying
current at a first higher current level to the | aser punping diode for
punpi ng the solid-state | aser nmedium operating an infra-cavity
acousto-optic Qswitch to generate a first |aser output having at |east two
| aser pulses at a repetition rate of at least 2 kHz; applying the first

| aser output to the first target area to renove target material fromthe
first target area;
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reduci ng the current supplied to the |laser punping diode to a |.ower current
| evel to reduce thermal | oad on the | aser punping di ode; addressing the
beam posiwoonemstzoward a second target area, different fr®eTiuse26i486t
target area, on the work piece; increasing the current supplied to the

| aser punpi ng diode to a second highgr .current |evel for punping the
solid-state | aser nediun operating ﬁ-ﬂg@sw’ tch to generate a second | aser
out put havi t t : Nwi i §4i ast 2
crz! and- apply fn* g for BAChRE IR RS Hsich URGAUL L 10M DS BB of aredtd
renove rhategjsl atmlepleathrget aad (ue a seark ipieceathgdhseaspsiem 42npldying asbliddtatdf cl ai m
41 in which supplying current to the |aser punping diode at, the first and

* second IAsegmeadivmand & PUTRIBE SOUES e selfd-platedater mediym being dpitadhinyal ¢ i ne

interv i j ' i i diade. at t he
over st B Pl Bihe ot B U GAE Yock rela i L Bler i REE o BBl
first gnficdasaife Has ey theshdlytindicedadiftoitivn copasingevel s that vary as a
function of the level of current supplied to the Taser punping diode and in

whi ch the | aaBiressingy bepmipesitiorien soveard ur firsh tar get aeracen the rwarkipiegce;
thermal | y-rel at ed punpi ng, capagi.ty that limts the anount, of punpi ng power
that can be %@pwg@gﬂtg{.@?’ﬁgﬁp@igpume%ﬂgv@&o%ﬁpg&gymmmﬁg% r the

fi 7St UGN ddldifh dhiTaskPhiRhith] durithts Brdihe ihgyliower current | evel

suppl i €d ng the second tine I nter permts thé first and second

hi gher cur r egperhtbngehs intrapmabity dealisto-oygid Qeswliich6 gemedate fai firdt lasereoutmiter val s to
exceed a maxi mum CWcurrent |evel for the | aser diode over a CWtjne

i nt er vaaving atigass fvo daser prlses; at airepetitiongiate; of; at deast 2 kHz quging dhesfiggt dimeych t hat
t he outi?lget ﬁower | evel s of the first and 17 WO 02/ 073322 PCT/ US02/ 07486
second L8 out puts at a given pulse repetition rate exceed a maxi num

CW punped | agsplyiagtine!first Risett Hiaphtad @he fibdl itargetadred fiereftiove Rargsl Matefi@Pfbit | On
rate when punped by the | aser punping diode at the maxi num CW current

| evel . the firftiargebaread of claim 42 in which the |aser systemhas a via

drilli th hput. t hat i f ti f th t put I I f
the | aser oUBAFBEIRA ToHE" SIEEmBiel P SRrbagpR i 1 FeE S oo o ™ ° ©
CW pumpRdehagCiheMhal 185d Withidné BoIR1UERRUAser Hedithf duARE R sScHdamevifevaper at ed
at the maxi mum CWpunped | aser output. 44. The nethod of claim41l in which

suppl yi ng cuaddrad¢singthe fbeath positiopemipivary 8l sembad dargetared, idiffereanfiometbe digisthi gher
current |levels occurs at respecgtive first and third tinme intervals, in

whi ch i Wr&st 3psay iopdhe Workepiece during.the seeond fifme MHeFVak ode at the | ower current

| evel occurs; : ' i 0t nck J ' gﬁhﬁ [ nd third
time inter va@}?a%ﬁggg%c%d&ﬁgﬁ%nﬁg%?ﬁleé)’?"?laérréél.r%. llg&rtré%gés%f claim4l
in whi cﬁmﬁmlsyshfng forpiraping ttiee $dlil-dtae ¢asep urypivng dubingle thdtd titne ifdterval; and
second hi gher current |l evels occurs at respective first and third tine

interval s, i APGRIRStheQsWitsh {0 sepesate psaeonddaser Ouipyt Bavipg ableay typdefer at t he
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from the second target area.

2. The method of claim 1 in which the laser pumping source comprises a laser
pumping diode and the first and second laser outputs have output power levels that vary as
a function of the level of current supplied to the laser pumping diode and in which the laser
pumping diode has a current-induced cumulative thermally-related pumping capacity that
limits the amount of pumping power that can be delivered from the laser pumping diode to
the laser medium over the first through third time intervals, such that the lower level of
current supplied during the second time interval permits the higher level of current supplied

during the first and third time intervals to exceed a maximum CW current level for the laser
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9. The method of claim 1 in which the lower current level comprises substantially

no current.

10. The method of claim 1 in which the first and/or second higher current levels
are modulated to comprise at least first and second different current level values during the
respective first and third time intervals.

11. The method of claim 10 in which the first current level value is higher than the
second 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.
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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.

18. The method of claim 1 in which vias in a single layer are formed in a single
pass operation.

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

20. The method of claim 1 in which vias through more than one target layer are

formed in a single pass operation.
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a beam positioner for addressing the output position of the first laser output toward a
first target area during the first time interval and addressing the output position of the
second laser output toward a second target area during the third time interval and for
changing the output position from the first target area to the second target area during the
second time interval; and

an interface control for directly or indirectly coordinating activity of the beam

: positidning system, the power supply, and the Q-switch, such that the power.supply
supplies higher level current to the laser pumping diode during the first and third time
intervals when the first and second laser outputs are being generated and lower level current
during the second time interval when the output position is being changed.

22. The laser system of claim 21 in which the first and second laser outputs have
power levels that vary as a function of the level of current supplied to the laser pumping
diode and in which the laser pumping diode has a current-induced cumulative thermally-
related pumping capacity that limits the amount of pumping power that can be delivered
from the laser diode to the laser medium over the first through third time intervals, such
that the lower level of current supplied during the second time interval permits the higher
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
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24. The laser system of claim 21 in which the first and third time intervals

represent equal amounts of time.

25. The laser system of claim 21 in which the first and third time intervals
represent different amounts of time.

26. The laser system of claim 21 in which the higher level of current supplied
during the first and third time intervals represents an equal amount of current.

27. The laser system of claim 21 in which the higher level of current supplied
during the first time interval is different from the higher level of current supplied during the
third time interval.

28. The laser system of claim 21 in which the lower current level compriées
substantially no current.

29. The laser system of claim 21 in which the higher level of current has at least
first and second different current level values during each of the first and third time
intervals.

30. The iaser system of claim 29 in which the first and second current level values
are applied during processing of a single layer of material within the target areas.

31. The laser system of claim 29 in which the first current level value is higher
than the second 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.

32. The laser system of claim 21 in which the first and second laser outputs have
power levels that vary as a function of the level of current supplied to the laser pﬁmping
diode and in which the laser medium exhibits thermally-induced cumulative distoi'tion that
limits the amount of pumping power that the laser medium can tolerate over the first
through third time intervals, such that a lower level of pumping power supplied to the laser

medium during the second time interval permits a higher level of pumping power supplied
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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 throughputE for the
laser system when operated at the maximum CW-pumped laser output. |

34. The laser system of claim 21 in which the Q-switch generates laser pulses at a
repetition rate of greater than 2 kHz.

35. The laser system of claim 21 in which the first and second laser outputs
comprise a wavelength that is shorter than about 400 nm.

36. The laser system of claim 21 in which the first and second laser outplits
comprise a wavelength emitted by a YAG or YLF laser or one of the harmonics of such
wavelengths including, but not limited to, 1064 nm, 532nm, 355 nm, or 266 nm.

37. The laser system of claim 21 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.

38. The laser system of claim 21 in which vias through more than one layer are
formed in a single pass operation.

39. The laser system of claim 21 in which vias through more than one target layer
are formed in a double pass operation.

40. The laser system of claim 21 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 may represent a differént amount of time from that of the second time interval,
in which the first and third time intervals may comprise different periods of time, and the
higher level of current supplied during the first time interval may be different from the
higher level of current supplied during the third time interval.

41. A method for machining with a laser system through at least one layer of target
material at multiple target areas on a work piece, the laser system employing a laser

pumping diode and a solid-state laser, the laser pumping diode having a current-induced
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10°710% () -addressing a beam positioner toward a first target area on the work piece;

supplying current at a first higher current level to the laser pumping diode for
pumping the solid-state laser medium;

operating an intra-cavity acousto-optic Q-switch to generate a first laser output
having at least two laser pulses at a repetition rate of at least 2 kHz; |

applying the first laser output to the first target area to remove target material from
the first target area; . |

reducing the current supplied to the laser pumping diode to a lower current level to
reduce thermal load on the laser pumping diode;

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 higher current
level for pumping the solid-state laser medium,;

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 targeﬁ material
from the second target area.

42. The method of claim 41 in which supplying current to the laser pumping diode
at the first and second higher current levels occurs at respective first and third time
intervals, in which in supplying current to the laser pumping diode at the lower current
level occurs at a second time interval, and in which the first and second laser outputs have
output power levels that vary as a function of the level of current supplied to the 1aser
pumping diode and in which the laser pumping diode has a current-induced cumulative
thermally-related pumping capacity that limits the amount of pﬁrnping power that can be
delivered from the laser diode to the laser medium over the first through third time
intervals, such that the lower current level supplied during the second time interval permits
the first and second higher current levels supplied during the first and third time ihtervals 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 output power levels-of the first and
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pumping diode at the maximum CW current level.

43. The method of claim 42 in which the laser system has a via drilling throughput
that varies as a function of the output 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.

44. The method of claim 41 in which supplying current to the laser pumping diode
at the first and second higher current levels occurs at respective first and third time
intervals, in which in supplying current to the laser pumping diode at the lower current
level occurs at a second time interval, and in which the first and third time intervals
represent equal amounts of time.

45. The method of claim 41 in which supplying current to the laser pumping diode
at the first and second higher current levels occurs at respective first and third time
intervals, in which in supplying current to the laser pumping diode at the lower current
level occurs at a second time interval, and in which the first and third time intervals
represent different amounts of tix_ne.

46. The method of claim 41 in which supplying current to the laser pumping diode
at the first and second higher current levels occurs at respective first and third time
intervals, in which in supplying current to the laser pumping diode at the lower current
level occurs at a second time interval, and in which equal amounts of current are supplied
during the first and third time intervals.

47. The method of claim 41 in which supplying current to the laser pumping diode
at the first and second higher current levels occurs at respective first and third time
intervals, in which in supplying current to the laser pumping diode at the lower current
level occurs at a second time interval, and in which different amounts of current are
supplied during the first and third time intervals.

48. The method of claim 41 in which the lower current level comprises -
substantially no current.

49. The method of claim 41 in which supplying current to the laser pumping diode
at the first and second higher current levels occurs at respective first and third time

intervals, in which in supplying current to the laser pumping diode at'the lower current
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second 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.

52. The method of claim 41 in which supplying current to the laser pmnping diode
at the first and second higher current levels occurs at respective first and third time
intervals, in which in supplying current to the laser pumping diode at the lower current
level occurs at a second time interval, in which the first and second laser oﬁtputs have
output power levels that vary as a function of the level of current supplied to the laser
pumping diode, and in which the laser medium can tolerate over the first through third time
intervals a limited amount of pumping power due to thermally-induced distortion, such that
a lower level of pumping power sﬁpplied to the laser medium during the second time
interval permits a higher level of pumping power supplied to the laser medium during the
first and third time intervals to exceed a maximum CW pumping power for the laser
medium over a CW time interval equivalent to the first through third time intervals and
such that the output power levels of the first and second laser outputs exceed a maximum
CW-pumped laser output for the laser medium when pumped at the maximum CW pumping
power.

53. The method of claim 52 in which the laser system has a via drilling throughput
that varies as a function of the output 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.

54. The method of claim 41 in which the Q-switch generates laser pulses at a
repetition rate of greater than 2 kHz.

55. The method of claim 41 in which the first and second laser outputs comprise a

wavelength that is shorter than about 400 nm.
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level occurs at a second time interval, and 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.

58. The method of claim 41 in which vias in a single layer are formed in a single
pass operation.

59. The method of claim 41 in which vias through more than one target layer are
formed in a double pass operation.

60. The method of claim 1 in which vias through more than one target layer are

formed in a single pass operation.
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