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"Technical Field [0003] This invention relates to di ode-punped, solid-state
| asers and, in particular, to quasi-CWdi ode-punped UV | aser systens and
processi ng net hods enploying them such as for formng vias in circuit
"boards. Background of the Invention [0004] Different types of |asers
systens have been enployed to drill vias at point-to- point target areas on
el ectroni ¢ deviQI2ASECWWBIODN-BUMPEDR c SOREDSTATR IV LASER SHEEEMs  ( PCBs) .
The follow ng discussion is presented herein only by way of exanple to

di ode- punped, solid-state tr A e tens and work piece
targets and shoul d not b&%mmtqu{h@&tm scope of invention.

[ 0005] When an acousto-optically (A-O Q sw tched, continuous-wave (CW

rdi ode- punped fbPRled Apdlicdtdsat € (SS) | aser system such as Electro
Scientific Industries, ITnc. s (ESI) Mdel 5200 which includes a Light Wave
El ect r off0@] (LWl meteaé hpplivetipmdernives ipsiorigniyboyd § . tRyovisiontldaing Applitation

punpi ng .di Q i Qde enal ive continuously. Laser 1 - 6 JUL 2005
WO 0 2/ 073‘3@??%2%@%‘3%6%%@ ission is prevented by closing the

Q swi t ch whenevegpifighisticki oni ng systemis directed
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owner has no objection to the facsimile reproduction by anyone of the patent document or

the patent disclosure, as it appears in the Patent and Trademark Office patent file or

records, but otherwise reserves all copyright rights whatsoever. 37 CFR § 1.71(d).
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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to a new target area on the work piece. After the positioning sgstemis
aligned to the new target area, the |aser systemdelivers a l-ag8elllodiffut:

cont ai ni nore | aser pul ses by opening the Q sw Ec]f)ﬂ
pr edet er %gﬁggﬁgée%%tition rate. [0006] The LWE Model 210 e];rrp o@?oﬁ\?\% 20 watt

(W CWdiodes for punping and generates 3 Wof UV output power at 10 kHz
r epet i témigsiontieprevhmtedCly plosg e Qeawitehtwhenever e mhisitamgi systemnis dgdctbd

thermal | oading of the diodes. .If an application warrant reater W/
UL put. B TSI Oh e HOR BISsE o AT I RASRSTE D ST GRERH FOREY power
must b | : ,ode
acer DapETRIRY B 1R E0yaR (eHer?d 1BeL bR CoRRing BhSolnot Hier s BV

desi gnsepepingethe Q-switcihaighgedgenfinabrapenson rates enpl oyed, thermal | oading on °
the solid-state | aser nmedium.is increased. Ther nal »lrg?]{,@d overl oading the | aser

medi um 98Ablper MEeIAVIE Madehed@ emplesis twafdeWatt gD GWshedea dof BiapipBANd of t he

aser OSATEL Y TPl BOYRL ASRbRELE, TP AR iR oces o
manuf acy idies id RRAZ) bPkiemalleading of BENRORS. 3f & o 6 wad@k kpdateg for a

| aser design, such as pulse punping and quasi -( punpjg;\t}c;. An
el ect r oU¥pautpet popver Fthep etharvnorshiefiep or dindeDPRE higher Fersent/posige muskbear | y

boer _nieriaved. S at e HE L eiite e fics of T 20 s sst P ALER K 8 o
W | asegry &iﬂ%s Jwer @80 88 afRdted FRfin BECH d8nsl U ERSWeP&Y, if BiBhérSpuipthé feweo a few

hundred m cr conds (s) 'so the laser output pulse repetition rate is
t ypi cal is\eniployede thermalblohding on iizsoliflstate lasenpediymds inengased Abermpllyf erred for

drilli i as. b i t..ad ly affects drilli t hroughput .. [.0008
T adi 1 SyiloaTimadRe 156 i S5 DEtmimRaLy fiats b oh o et s iceliPE g
pUNPi NGy AYE YskPPedm q@‘mﬁ afd |iRNEhe PORKr HAIRHIRY TREVBhitaidHEindesd Deritk@hene can

exhibit a punping repetition rate of about 1-2 kHz, and the punping
dur at i omginesring &hallrage tothe daser vystéaddsigniand manufadtesingyi | | i seconds (ns),

b d. titi dt dut f th di od d.. Thi
Doves oo v B e Sirend ire, BinErt) afaifbf 6 a et el @R ot Bl °
becaus ey ififing 288 Quasi- €W i 1 AReyedrb-dpfiadliy\@E-Of dussitched palsed HPSshevever

the p I'ng is off. Therefore, the |aser output power can be higher during
t he punipsargsuchras eagy viersipns wipambda Physies (UG Gatard ifeded bprevidehighep daser aser .
The | aser, out put, i.s, controlled..b eguyl ati the current to t | ode(s).
The porsrgpeaet & B i BraR reloihsr s P nimane B8 Nk dpb UV Bsfi 1
ser i ousyfi{cshRakatedy Pt Huniiey derdtibR ifeliPlimitea sd a U RHAdYeASnicroseconds

(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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- 2 - 6 JUL 2005 WO 021073322 PCT/ US02107486 include those that q_t'@lnhﬁg

. long laser pulse wdth and a nodest peak power, such as laser b ' gﬁ%d
wel di ng. [0009] A laser systemthat includes a punping schene that

_. facilitat®emg{32hi gher power and a faster repetition rale/V20Ft8bease
drilling throughput is therefore desirable. Sunmary of the Invention [0010]
Convent jrepak ﬂ#\fe B QAilive 8 16Wg Jabdr Poi1se Yl @ Thd Wbt BeakiRARAr Shch LEpaNCY
conversion schenme to convert the 'l aser's fundanental wavelength in the IR
r egi on bandirgeandUveldBigch systens preferably enpl oy high U/ power and a high

| se r ition,rate to _achieve high throughpuyt via.for Lon, hence A-O
O swi t CHIBOPSE 1456k Ysisa i incides 3 PREPECEUARS Bk Hefitefe poth goatss DAVEY | | ng

.vias. [ gﬁgﬁﬁ adaley ' Sk far Ahgher U power
for red%&l%%%étr& Vi gﬁégﬂlelt?{ug‘?%es,é a@'p&go nagggﬂgg%{:ehg{eg@?e&\g}f@&on sone "hard
to drill" mateiSuaimsarysafthe Bsventtgpper and FR4. Thus, a high UV out put power

(5 to 15 V% at a high pulse repetition rate (a fewkHz to a few tens kHz)
woul d bEOBOLf e Grastyentignal BV Jaserovia dribngsystame empiqya slandasd Tequency or mati on on

200 vi aSmE B WAV MRSCL 3B SatbloriBPRE el BE T he %) ' 500
to 400 ggw SihaysehRR (ﬁ?&ﬁfﬁblﬁ esprg -thv#ef,anﬂta hifRk@Se idpetiticrp fite @y St em

| ess than one ns to drill_ one Via, in some cases | onger than one ms to
nmove t oachigevehigloduonghput via farmation, henee A40h d2switphedt DRSS lager sypiemsde®e bei ng
ONis ﬁctu llé | ess th%f tpf.ﬁéne the | aser is being OFF, which nakes the
use of RFTEtOfors 2pen Biefarreq fLArfling VIS [ 0013] The present invention provi des
a quasi pg{di 0decommer @Dy BeLTRABIR Kﬁe@w&hd g%félcmg_ﬂersw;;&m& #rerebilcih@ser

that synchronizes the timng of the quasi- punmping to avoid or reduce
punpi ngthatvid drikl tigng @z ite make agcepteblectiad en s fharfito drillfienateniastsugh @t to t he

next target ar ngd.to inc e th unpj Ise%%l b nd .t he unped

| evel \,\ﬁﬂ}pgr a‘HﬁQB i glam@’i 3 gﬁ]msc’“&fuﬁgg‘ﬂ%ﬁ] "gbli VO9 B P‘}I%S’rfe{?%f\{(ﬁoﬁﬂ tion
i s hi gh@rfe@mwwtehgmzy%ﬁmdﬂgf@}eag power to the laser nedium and
thermal | oadi ng of the punping diodes, remains the sanme as for

convent [0042) CWipatpbngominercidlyrisefuli iadotmationan BEBs fonexample, demands a
laser system to be capable of making 300 to 400 vias per second. Thus, the laser

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.



di odes. The quasi - CW punpi ng current profile can be further nodified to
realize a preferred W pulse anplitude profile. 3 - 6 JUL 20656 . JUhD268h o,
73 3 22 PCT/US02/ 07486 [0014] Such a quasi-CWdi ode- or |anp-punped, A-0
Q swi t cheWO ®@#73d2state Wlaser is new, the synchroni zatFGHUYRAT 86

quasi - CW punpi ng with the beam scanning is new, and the usage of such a

advant aJ00tl;  CRadl FoBRER be; br REH el B0 PO BIERE U I8 | ca

descri ptis pewpthe gyafieonieadioandfdit gii-CW bempial with the bpao cesaiingvit hbw; #ef er ence

to the acconpan m&kandrawi ngs. Brief Description of the Drawi ngs [0016] FI G
1 is a $hapiage Obguasasytes; fogvignfognatinds BiWodi nent of a quasi - CW

Ji ode- A iy I . : i : ol
conver STOTEET" o Supioch FORsou B kaklds ol Wl oy o bl B oY
exenpl afylwing idefailed Hesariptibn ofYYepdiign diabodiReifs herdoeRhich 19dddlis Witk 2B is a
sinplified graphical depiction of exenplary A-O Q@ sw tched | aser pul ses

super i npefceance o theacepmpAnypgrdsawingdi ode current shown in FIG 2A. Detail ed

Deseription of Prefgrred.Enbodi nents [0019) FIG | is a sinplified
schematic di agrﬁ@%ﬂ@m i ment of a quasi- CW diode-punped,
A-O Q sypérpped, ERP! 1 f-aSdimbBrd écﬂ&%ﬁfaﬁéﬁ%ﬁ% 8o dibRiYHER G2 tflx\?ﬁi—cﬁﬁr getli ng,

punpi ng, and firing to formvial at a high throughput rate. th reference
to Fl Gdigdelasrped; 4s@ixswitclied lafer witheintra s vighiripling freghenoy opnvdrsidiodes 14

unpi n r i 16 fr he side.. Skilled persons w ||, appreci ate,
P onever ERAL | BES A s sippied Reanhical fepictio 4 qm e XeRBIRL YS9 O P an be

"end purﬁijvr}g;m' bidad ch@efr system 10 could enploy other possible
wel | - known cor{ﬁggur ations. Exenplary diodes 14 include, but are not

li m t ed[@@8] VodEIG. 23Dis-a33MPlified praphicaDdépiajioaif eitiplaryassO dhswidded dser

hi gh- dut factar stacked arrays sold by SDL, |nc. of n,Jose, California.

Excorp| aPYIsEoRBERRI of tie QpashaumiAtas (108s creat sbep LERSTRA b havi ng. YAG

YLF, and YVO4 cppRast bk ition B PASRA A Eribdaisdkecti ve mirror 18 and W

(third harnoni c%‘mm—%’mummm—a—zo- I SSI , resonator 12 also

i ncl ude§0038ongFIG.<l Bt simphfi¢ds s@2matin drgoaus bHa ppiferred emb)di@epiwit ciuadig,
CW, diode-pumped, A-O Q-switched, solid-state UV laser system 10 with synchronized
targeting, 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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- a frequency doubler 26, and a frequency triplet 28 for intra-cgvigy 2005

frequency conversion. Skilled persons wll appreciate that frequency
conversion can be acconplished externally to resonator 12. [0020] FIGS. 2A
and 2B (cWOI®W7INRely FIG 2) are respective sinplified gr BERUELA07486

" depictions of an exenplary waveform of quasi-CW punpi ng di ode current

pul ses s 1 At b ' | s 50)

nd of SilcH ol Pfocs e, SR s OO EReRIABD P LY Y RS AR B, O
| aser pobatCWaumEiop dicdadufitn wayefmrd shakinyin FIGe2Ap UWithsefebncs uwpEIGSos ed

on the quasi-C\NS%Je%p(i)n di ode current. waveform shown in FIG_ 2A. Wth

r ef er endil Zolagsr gon 1s syackronized: such thet mhen the lpser system 18 figides such

“aren STUARTRGIe a5l g ocd 31 DA BREk 30, BBRel olostia bk (RUPT

di ode psPRiopd tid diots pipingi (GEEs tedicde culRnE & Rto)Ur 1e@kds G dibk: iy
punping to a pre-determned |low current |level by controlling power Supply

34. Exe'mﬁ: preydesenmained ku'pgmr:r@@ lwélbﬁ gontmilinb powerr pplyt34. i E:tlm anycpowsndel
SDL- 820 -1 .di ' ' i .
Crans «SUREs d sl oehe e Ghh % MofesSToath. dor W dsamn e Beé Gpdn oo

SDL- 9284ri{ Q' wik effical 10 ;AMRrReAKattiRsH ﬁﬂymﬁggszlfﬁ-@%f&rdbéﬁt 5P Tw- Al

sold by SDL, Inc.” of San |ose, California. | en, positiohing system
36 novemstihdrivarao dMadsLEDpeRdi8:, faraboot Hhamp peakyptasiiCRalas@ldioFEharieam

ositioni.ng s e 6 ferab i hcl udes. a.transl ati on stage positioner
!tohat e Y%ﬁs@ S&Qi’é’tﬁzﬁﬁnﬁﬁ ﬁ#}%@eﬂ‘é% ngg’é%&per mtting qui gk ﬁnvement
bet weenggoafpet -frga oﬁﬂiom’ﬁ? sy 416m 38 HoW¥s lf)éaﬁ{) utfsiticdl tS%gﬁgzg%ﬁe_k Bred

preferred enbodi nent, the translation stage osttioner iIs axl s
syst em Sihe TiedeXmgoaiioningsystemoFkprefaratdy 3icludesd teansition agge positicrser that ast

beam positjoner. and associated focusipng |lens(es). The Z di nensi on bet ween
Che X SPHBloYA AHICRPR JEAte 5o e T aNTas BUlek 810V eRESt RSBV SArERb ST S br <
align t gﬁ%hfeaé ; ] WER ﬁﬂiﬁaﬁﬁ 12 and
t he fas‘}f;&? eam posri‘%lﬁg}r?gtr %31]_ Jgfee#?g'qﬁéfﬁné%@??ﬁgner rl%g’?'ﬁ‘fegrraﬁsgxarrp %%rrpl oy
hi gh r epoditidnennis & isplitsaxinsystens whemt/20Y stagpanoves fwork piece 80 midan Kistager s t hat

can conduct uni que or r.epetitive processing operatigns_based, o rovi ded
Lest  or TS & FAshaPamn PAYEOLEr 298 SRR BRYIBHERSERn T % APPBITarHFd moved
I ndepenggnt ks htnd Ostade b disb De FRjRiabRICIRE ositioning mirrors align the optical

path 22 through any turns between laser resonator 12 and the 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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[ 0022] Beam positioning system 36 can enpl oy conventional vi si_%n ﬁ[ Z@gm to
work alignment systens that work through an objective |ens or of'l a :
with a separate canera and that are well known to skilled practitioners.

In one enB@PHEIH2 an HRVX vision box enploying Fr eedom'i'_‘i"'gp%qzﬂ}”?@ftware
in a positioning system 36 sold by Electro Scientific |Industries, Inc. is
enpl oy egdr IRelRfel RrHindler 0 THE Mbbe i0E EstrdchiBn lsPsish chf 5O baAitRhted dgatid at he

target areas 31 on the work piece 30. Qther” suitable alignment systens are
commer c pedcisg refgrerice stfndard so0hg porrestiontideapeadh onlyeasriepting sinath chagges /it then 36

al so preferably, enmpl oys. non-cont act sprl | - di spl acenen ensor.s to

et or i FERRpHYiaEs GO AL B FRso (e Aispioc of JRasessy TpaiE o SEGHeAD ARORAIEOR hat

are not .hhgl elVis el X | 1ol Rata i h ' scale
encoder B S B e B e N O PR et er
The Abbeuilished on dulyelQ, 2661 apd Uehn Bublicktipndds.i 2004tM296HhAD publshedoaci se

reference standard so the corrections depend only on sensing snall_. changes
in the 0§@b§5ﬂ8,r7éf@&i- n{e KMy aROROTHRPSAISeR Heclosze aﬁwomqvémgéﬁéoh’at-

€00 0 on IR0 7855 85 il GRSERHLRRROAY et 0o 11 detaly i
and U. S[o024p| i Qdtinyp varietion? @F boSHRRA6Y dystimsBehreshelianwn ©akieer 18, 2001,

The rel evant portions of the disclosure of the caorresponding U S. Pat.
Appl . Npracttemessand sorge exshodisents of pReitiening sysem 36rase descuhed @rdstaihise. [ 0024]

Many vaki at$Qng;.0 Sidd QN t . SKi

practit ;Uo 'ejﬁé{' §Iﬁdgé’%§éﬁt§m%¥§' 0 p%sgll?ﬁr"gﬂ:’%bé’?g’to"gﬂ% %@@gg%‘g@cri bed
i n det agbaiiable ftbr Elbttto Sdientiffc hHdstBED IS, oEPolindeOrédon i Aeréfeiredbdel 5320
mcrovia drilling Z}[stem avai l able from Electro_Scientific Industries,

| nc. of implemeniation of ppydtionng sysinne fé ard bas haep|userbfar desep drillingpd sesin spatery
36 . . . N e -
ShckageLomay BpoiRey Rt BB, mAREY. et - Ra BROMEORNERS SSAPRTC

such as Mddeigdries auirbersRmRe ASxR Adxx, drPoxx, AdiNiachiediBXEleciBSrikatfieir ed by

El ectro Scientific, Industries, Inc. in Portland, O egon, can also be

enpl oyednduskies lag- pePediasd. Pragor, e alsghisresentayed. Skilledpesspas wi afseh a singl e
X-Y stage f ' I &1 .Qni ] | I, 4l d/ or

St at: ondrbregue i SEREFpBEYMAENCE ek fortwbii s AT 2e8

enpl oy egean] posiGors kid/be staiionari galestonvitdr! fof Beg poicokiha mautlarmtivslgtbem can be

programed to . . ) .
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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-CPU 32 causes current to be applied or increased to the diodes

“utilize toolpath files that will dynamically position at high speeds the

focused UV | aser system output pulses 40 to produce a wide vefijely?

usef ul paiSEAmaswhi ch may be either periodic or non- peripce h&}%{xggozf]h The
el t her

when the positioning system 36 reaches, or is about to reach, a new or
second tpanysug teryals 39 can bandjusied dol enit theisize ddepthymnd mateniall offthd viawd bg and

i nhi bition or redycti.on in diode ing.. The CPU 32 in ucts t

0w t cHrResTed FCtEAS 8P dntteRE tesr Al DO APt dimeiey aies. H. Pasad TR ses 60
at a pr 1t @ight FIPBEdr tst r AL i Via.:l 026] The
profil e%gﬁiot%ﬁgatgurrpi ng %daﬁsygﬁ%lﬁil%r%@%,al%usﬂdggs %g(ri{g e eﬁ%’%ﬁ?@%gg&?dg é:fgnt r ol

t he shapereof purpng eetkrvals\ifr andreiriable pefiodhbetivesrecurpat pemphiy idervalgs0,he

guasi - CW pu inar,y SUfh ei% flat, fromlow to hi ghuishown in FIG.  2A) or
from hi grtesthe gpyarclefgibsdepiicsame. Aledyby shsieccouidydomevei be VaFied 2§ es can

be mdu'v?él?%%#hjgﬁfléﬁ)lﬁiagére&@]h;ﬁgﬂiﬁ%mes so for exanple a high peak power

can be used ng ne aye and | ower peak power can be used for
drillingoozg! eCThéQuis&YBNipunipiugjﬁghﬂi@ﬁ}raﬁdﬁh'cﬁﬁﬂ e inhde hd ARDRGRIGYS for
current 6 - 6 JUL 2005 WO 021073322 PCT/US02/ 07486 punping intervals 50 can
be adj usthedniepval time hefiees the quasSIW pumpingdacsn’t haveotp betronstant asdobg as the
processed, such urrent intervals. 50 for |arger. di ter vias.

Bl 5 AR e LR BHE o SR vl R0 1 B e e BilRinsoee ot
requi r e reMavéinbestaf or 88owOtherdalldaffdbe BRI Ng i nterval s 50 and vari abl e
peri ods between currentdg;nping intervals 50, while the duty cycle can be

Iéept t Bfm@?ﬂe I Ihencoimelo elltethm?ibdﬁs Idcamd\pewer bapplnBd ofl agSW pusiged S W
[ iling., [.0027] T | - CW |
Fepet | ¢ 0N et BTG 1B HmBER [ ot b YarlBEe TSt el B ¢ e

bet ween rbhiftifp R sdr-sPME@UITDESs RB1cA8 88N at a BaNTyER J79 6ANKIMMOIHAS The RIS 14 Ne.

average thermal loading to the laser. puanping diode 14 and/or |aser nedium
16 remaipnsip the lagen medipme Enfordms defope they stdpeforrabothiembgs. | Bws| durig®28] | n

nmbodi t, t ' 14 | y.34 of .. ped 5 W W
neer syEpneriot SR RGRe o oRBE BERALeRIE R i AL aPet PR i ng.
The regildékay ai‘f@é‘tﬁff tBY 8&tfge thethalABhding On i Hiadesd 406H the G¥E reBfurd 160 1 at
500 Hz. The di odes 14 unp the laser nedium 16 for 1 ns before they stop

for anoflihes, the daser mower, dugingithet 1 s 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 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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punpi ng period, about twi ce as nuch current can be put into th_egdiﬁgezw%4
(without adversely affecting the average thernmal |oading on th e’ d 14
or the laser nedium 16). Thus, the | aser power during that 1 unpi ng
peri od caOB¥% 8% than twice as nuch as that froma CO%%%“&N punped
| aser (especially after the nonlinear frequency conversion). The A-O

Q swi t cthegéf.uRaventidoaborgasie diglesdn Riyers dadycopsildribly @ shickiess¢ basark 0

deliver the Iasealdglul ses 60 at a pre-determ ned repetition rate of, for

i nst anclypicely prechohickir thap thsanidaiaysreo 2y expaikary fee@esiorapgator wagANIG or
exanpl ediafggu_&qa*n&sqp%}%g?g@ﬁﬁq@?%NCM capacitor, «circuit board, resistor,

or hybri’d or 'sem con . circuit. For convenience, work piece 30 is
descri bppd3be! ovwWasdielettyich@er athyf080 coneiig b Standa reiffbr&pidn® Fompebutital € '
| ayers may contain, for exanple, standard netals such as, alum num

copper , mayintludes fiberanetta or dispersad, pagtiglessefi fomexpmplei aamid dibesse ceramiasani um
et . i Sl T PSR LS o MR SR,
thi ckereonfligieRRNEY fpidkBly iRk PHIBAIPHIBmENR of gh&me%? bk 111ftﬁmqﬁr§iz€%h%5£ al .-

[0030] A dielectric matfix or layer 1s sandw ched between the conductive
| ayer s wnden bumdlesf afr 10epua it beyeral dmpdiieds ef siczombar Skilbedyzansansdiilllappteciate

mat eri al such. as benzocycl obutane . (BCB),. bismgleimde triazin BT),
T dboaihal T e A CRemtS i) o ol 6 PO AETS g 1 OREenie diclectriod

pol yt et f-af 3 Lau =al ) Lnakj.ons 7 -
RO 1 SR A AR BT HEhon BB Syl ooBsiBlor RiforCid OB TS

di el ecttypicallpyeqsralasey praressingeatabhighemfluence thae 3sneekied tcoatdate ipgminfatdey nuch
t hi cker _than_the rretié l.ayers.- An exenpl ary thickness rarage for qQrganic

di el ectdieleciiglayers; Skilsg persess apwe*f% thidthese yREERS Ja¥ers 9% al#hbe al so
cont ai f=Y CHORBRREY t§%ais | jdoer matte
or di sggﬁsﬁﬂﬁggﬁcﬁﬁ?@gnw&?%?%’am e, att?lém i'Eersé,gééJgF%%y%gépor gl ass
woven ametl,shelestet, tint wigbremenhmaterigh may i thicket thax 2 mimnvent i onal

i nf t . ts 3 [ [ ' i vidual fil t ticl
oo GRET, RTRORS Sy B o o b R R e
of mc r]}?ﬂ%ﬁucesiﬁhé hREnPRr BARSeM ds! snPPPsSbbf £225 tyﬁjﬁ%ﬁ ¢#rehBf BlnaRAL Cg%%gée?:nent S

may be I ntroduced as powders into the organic ectrics ano
nonc ont thg poefsrrad dblated spotf sizenof 18sar putsespO 38 Abouo2578iund Or diechetti evieclarger
| ayers

Q

than 25 pm may be produced by trepanning, concentric circle processing, or 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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-typically require |laser processing at a higher fluence than is needed to
abl ate-unreinforced dielectric layers. Skilled persons wll aI_sQ JUL 2[“]5!
appreciate that these various |layers may al so be internal I¥ noncont |1 guous,
_nonuni f or YA© %f#d38nl evel . Stacks, having several l|ayers oFCT/Nggz{7486
dielectric, and reinforcenent material, may be thicker than 2 nm [0032]

Vi a di apRihsbsus®Lar, akl ?;éféﬁﬂ@ 61081350 ui; aREbetiiBE Qhte DY $Hater HehnBY
produce vias that have dianmeters as smal|l as about 5-25 mor greater than 1

mm Becabew 1 kilz prefrahly grcatas|thancabospd kHgi awd wbst| preferabueeadiger ithansbut
25-75 min dianeter, vias larger than 2 be produce repanni ng,
concent K B8 MeelenE e oA herurtrshobt S0 B2 b o g Fidtersbly bERESR | |
appreci gb&ut/38tnnY b 408 b ESRRH frefdhial wabRHgtRS iR AeR! But ark RGLIRRM &,
oval, slot-Iike, or other surface geometries. | 0033) Through-hole vias

cl eanl y laftinmy SH2 yop 336tnmat 349airh, érdd6drmm.and materials of work piece 30 and
+ preferably exhibit ne?qlvig' ble taper. fromvia top to via bottom Blind vias

do not [HSdL r at EREPTE azameiarshf Tasgk entput 40 areysglested iy a8 akeBdOat a | ower

or bott Y rflﬂ']ﬁ ' LASE meters
perm tsgﬁ%ﬂﬂ%\?\/{e&%ﬁéﬁ L%%ﬂagyhﬁé%%%@eﬁﬁvb agﬁgrt%?]g%raéhglﬁ una% Pfe'}g%‘%d even if
it conpsheres thdreatmodS0nas adndqeefeeddinirom)abaat 4060 e Br Iowiral Skilkgiersohbe
paranmeters of |aser output 40 are selected to facilitate substantially

cl ean, wikaglsemppracialy that thegpoy area of laper pudseskP iipgenerallycivgulps, Wimast e of

i 1 er enpertlyEouiE el 2aABReS L lge L) Brrab BT B RbeREY A o1 s
i n respgsys 406 ddd B4V, 089bl e |ight. The paraneters of |aser system output

40 include an average energy per Egl se greater than about 120 ag\] measur ed
at the BRI suBlRetwas,andiparaeilarlybling Was withdarge didmeterpotrepreferalilyanet ers or

spatial _majgr._ax I . - B. 0Q5 W0D.02/ Q73 [ USQ2/ 07486 t han
Shout *567eRlc iy 6o Plss g sPin which e, ApdienVR 1 HP Af ey bredRereploved | e
than abpie firskpdss afd tearBdbilegiradbgdr foPal tiedattet areséis reafoded@sringdihef er abl y
even higher than 20 kHz; and a wavel ength preferably between about 190-532

m, ands¢eeBd ppisevith s Huanse qE i lasgp euipubbring helardtha gondwstiveslsyer dhlation

G55 nm Sasolfy AR BR OREOUREHEMY LU T B el il ket 4 sl Tl

40 are grllgsr odpud daring tHea@Pénd $hss can be reduced by defocusing the laser spot and/or

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

9



circunvent certain thermal damage effects by utilizing tenporal palﬁ%m
w dths that are shorter than about 150 ns, and preferably f r ombadBlt 33-90
us or lo illed persons wll also appreciate that the _spot area of

| aser pu}Mse‘%Q Og}é]"J%?gener ally circular, but my be slightl T q"?’f@lsgal .
Preferred UV |aser drilling paraneters are disclosed in U S. Patent Nos.

5, 593, 6Qfetdled desdiptiodIHd d[rﬁ)@ﬁ?i: oBUIL.81Patenf s pphdidion NJ. I00¢8231, 922 e hérdinvi as
with large dianeters, are preferably created by a two pass process in

whi ch t HBCUIPREARS bY/ETerees: for all target areas is renoved in the first

. O ) !
Gar ng (RS e Bl 66 G6Uibh o, fiinal e Bl i art el e BaTeet ol RERER.
the condyahé ueallayPihe abbesd-d@bribédvrasdaahent ofthie invefifod WRheRMpSETiLY Golayer of

all the target areas is renoved, the fluence for the |aser ‘output during
t he secdheupdertyingprineiples therend. blhedespecefshepresens invention shwild, dhetefore, tsy

i ncreasi the repetitio ate, as well as by decreasing the current to the *
| aser p qrﬁldned{]qrﬂ&i)}’fhg P‘)[]%@'@Eﬁ clams | ed 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 renoved before the
positioning system 36 noves to a subsequent target area 31. Single pass
processing is preferred for creating smaller dianeter vial. In a single
pass process, it would be nore efficient to maintain a fairly high fluence
as the laser pulses 60 begin to renove the dielectric |layer, but as the

| aser pul ses 60 clear away the dielectric |ayer and expose the bottom
conductive layer such that it begins to absorb heat from |l aser output 40,
damage to the bottom conductive |ayer woul d be reduced by using a | ower
fluence. Thus, a gradual defocus of the |aser spot or decrease in the
punpi ng current during dielectric renoval would be faster, nore efficient,
and protect bottomnetal |ayer better than using a single fluence for
dielectric renoval. These and other |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 November 29, 2001. The 9 - 6 JUL 2005 WD 02/073322 PCTI US02/ 07486
detai |l ed description and drawi ngs of U S. Patent Application No. 09/823, 922
are herein incorporated by reference.
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[0037] It will be obvious to those having skill in the art that many
changeguniyssHe Theles2t 0 the details of the above-descri bed enbﬁdjmﬁrezp %f
this invention wthout departing from the underlying principleés g f.
The scope of the present invention should, therefore, be determ ned only
by the follow ng clainm. 10 Po~85355.1 -500011822 - 6 JUL 2005 Clains 1. A
met hod for machining with a |aser sys&dmshrough at |east one |ayer of

target material ,at l,t.i pl e t.arget..areas on, a rk.piece, the |aser system
enpl oyi ng a | bsd e iphmacinig itk e pis b 2t deast one fover@ el i ng
di ode hayhifiaPatGHilifIRitargBEAe@fon & Wtk Pidck StheYaset g@t&ﬁ@ﬁﬁldyyu%t Dgdsed i M ts the
anount of punping power that the |aser punping diode can'deliver to the
sol i d- st pumpihg dinde dnd iarsglidistagx laserd et tasarpupmpingdipde bavipg & siurgnt-indubedssi ng a
beam positiqner toward a fjrst ii%r%get area on the_ work piece; uppl yi ng

current SHUYYeRUMpING GaRaghy L3t theJ@PURL P! PHEPIRERAW d%ithﬁlaz? ode for
_ el _ . : : i - -opti
0 ohi 1 crp HPiEE Blote Sa yeleel 3 e OREIEhe oAl MY (BRYEEIGE, O <

at a repemprisiip:r ate of at least 2 kHz; applying the first laser output to

the first target area to renove target material from the first target
area; reduci nifldressing s beam pasitinyer eward atfiret targeb areg phe yodk piteeit o a | ower

or zero current . l.evel t educe.the | oad on the |l aser punping. di ode,
oherein the | Oeli Slrnd ol §AH HeABsRREnORyYS deRfrRReg Gt Al oo
current haWshs tRddliasedthsihe beam positioner toward a second target area,
different fromthe first target area, on the work piece; increasing the
current supplopedating anhietrhcayety apousi-opticiQenddtchao gessrsteradfist yert @dputcur r ent

| evel for punpi.ng the, soliqg-state | aser, wherejn the_second el evated
current l?aég‘@mﬂ%a%t BY%E‘P@rP‘ﬂ%ﬁt?H%PEI“&REFatSPfEEiCBSt ®Bnt |evel; operating

i, BN, By SR S ol Rl e

the first target area;

reducing the current supplied to the laser pumping diode to a lower or zero current
leve] to 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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appl ying the second | aser output to the second target area to renove target
mat er palaodsf:30 t H@macond target area. 2. The nethod of claiml_gn %imtﬁ
supplying current to the |aser punping diode at the first and s CJ)

el evated current |levels occurs at respective first and third tine
intervals, in which supplying current to the |aser punping diode at the

| ower orfumetion ofghe leval off @iredant sepplied tethedases pumping diede. rand iy shich the daseeh t he
beam posi tioner,. changes the . qut qut ition fromthe first.tgrget area to
Uhe secdimAing diefe B8a Currpat-igiaed cumtelatiye pommping trpaciiuthat fipics Reinqiit of 1 o
and sec %ﬂgl%@éw%ﬁ%ﬁ HAOeBiveiet Fim PR BEer| By © thd 8dlid/ahté 188r vdr the

Ponl nd2-145S5 .1 - 50001182:2 - 6 JUL 2005 function of the |level of
current Suspthirpuegh thivd ttinee intexeals pamchithey titi losker onreroi aurnehi ehelt suppliabduring

punpi ng di ode has a current-jnduced cunul ative punping capacity that limts
t he amouft Sepond Simainigval PREFIL RLE2Y gRC BE thechinst adstscen ?lf‘-YEﬁ‘éff FuEt letiekde t o

t he soli d-sg kﬂilﬁ gr: u i LiLm t h
that t he&f@\ﬁ/\}e&f_r&gr e%(gﬂ%ﬁa@ggﬁﬁfd f@&éﬁiegﬁ%%% %@eé uél nglm [ 1ed\2eccong{ ?iv?rle%F

i nt er val thg @fsBi didde@bvérepcW ﬂﬂﬁ_iﬂﬁerﬁa’ﬂe%liilvﬂ_éﬁt @k e dugh findl ietle GlEvaRt

| evel s supplied during the first and third tinme intervals to exceed a

maxi mum a0d/sucik thahat leastone pthe autpntipavisr levelsad the Brst andywoonddasemowpyigat
equivalent. to the first through . third ti intervals and ch th at
amst -orbeisHE pHEE spehfibn ik SFHRL pdnmhn Fo) Pkt leter QR PiesBRd sl s
at a gi | feln Ok ¥ ' {ngﬁ As8he OUt put
for the léﬁiag$£¥%ﬁm%dsﬁ%dﬁge Siﬁgtgﬁtﬂ&%@ifﬂggg%e?ﬁﬁ%# rrat g&\/\hene punped

by the |msdmum@W ourreitdebelat the nmaxi num CWcurrent |evel. 3. The net hod
of claim2 in ich the | aser systemhas a via drjlling throughput that

varies as a fundBs gistd qfipdaigy ¢ griwvhich s laser systemphasia,wia dgidlang degughpat and

the via 1L @ﬁ@:ﬁ igﬂaﬁ MYl I111ing
throughptgéwt%fre E?%%%gﬁggw%es e 1&%3{6?(13%1&’8 @é\&? e asaié‘?&%y‘g keﬁ?ri1ll|iH

oper at ecthédughpier exesddgurmaAURLENORA phaped laseidip dtilling. thidughpit o thedhseg! ai m 2
in which one of the first or second elevated current levels is |ower than
t he naxisysiemabatercresnwhenihe lasessysiare ivenended af themaximem; GWrpuraped lagerf j r st
and thi réju tuitma i nterval s represent equal amounts of tine.

tp

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
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6. The nethod of claim5 in which equal anounts of current are supplied
dur i ngnikda@sssibsiir siocoaed third tinme intervals. 7. The nethod of _o¢ ?J[U%Eigﬂ?
whi ch di fferent anbunts of current are supplied during the fi nd third
time intervals. 8. The nmethod of claim2 in which the first and third tine

intervals represent . different anounts of tine. 9. The nethod of claim8 in
whi ch edBigrv Mthdchysupplyingciirrent go thedaser pymping ¢igde #iehe {QWeLOrZ&EP ¢ hi r d
time int - Of . ' i_f {. t of
cur ent At uet oyt o TECHRAER iRl i e SPeci pbrSOR BB T,
met hod Qfutyside gbﬂﬁ&n ifromMbe HisiSigRt MisaGo Sl $e@bhd t@edt Afcal SR (B Sq0RM titheode at
the first and second el evated current |evels occurs at respective first and
third tiinerved adrinydidnisdgst and Bydomeniervals sepretenpep@l ampenty of timei n whi ch
suppl yi ng curr.e to the lLaser .qunpi.ng diode at the | ower or zer current
evel T oceur s e T @t of Fiim i Bryiih SqfAl Gponns AR suesl i ST g durE
changes 1@t QHY BiEd R0 kbRl rom the first target area to the second
target area éurl ng the second time interval, and in which the first and
third tinme iriderTid methegroéskirh ldgoavhieldifferentatndunyef ciétentldre soppliedd of

claim11l in which equal anounts of current are supplied during the first
and t hi [dyring the first and Hyied time intqryalspet hod of claim 11 in which different

anount s of curr ' . J . fi n ' | ' ryal s.
T The met nad- ofteHefbeS bR Bl i VAA Sdniink chitbartp tod Ay hoilEs HREERY 0
di ode atthe Fifife ahl 6€dondRibvarRE @iftefl VAL ©8ciy bf RBpectioy Bkst aOE Chifdtile ' espective
first and third time intervals, in which supplying current to the |aser

punpi ng ioteodds, an whieh supplyingoeurpent ¢o theuases pumpingediodeatithe lawerorgerond ti ne
interval, in i.ch the beam positiogner. changes,the out.put positi from
et - s ep el e § SERo 3B HGEtFAL GE PR B RS ierabaes He 1

I nt erval ks | | | ' | r

it e ort R BoulloiioR e Thst iafeel pftllo i ohd BPgct M NFing (hERCBRE e
anount s interalyr angdrin vaneh thedpbt ad tHirditinge intdrealt agiresenddifferentd atrionstsiofitiareval s.

15. The method of claim 14 in which equal amounts of current are supplied during

the first and third time intervals.

16. The method of claim 14 in which different amounts of current 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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16. The nmethod of claim14 in which different amounts of current are
supp! ip§haabHsi.NGsobdizd i rst and third time intervals. 17. The nst foglof2005
claim1 in which the |ower current |evel conprises substantially no
current. 18. The nethod of claim1 in which the | ower current |evel

conprises sufficient current to generate optical output fromthe |aser
punpi ng di ode?l-18he meghadeafiedtimod0 w whigh the firshand second cyrsens devel valuer areevel

o Db b BlogeH 0k b e 35T 5P BBl BB 0L ot °5 e
l'aser punpi npdi PHE nithod! dfeIdiin 20 infREick BfcCfRd BLEMRIAR Thlhé RMlighGUBASHRCCUr S
at respective first and third tine intervals, 1 n which supplying current

to t he |sesend pummt heyetivalde, the firsteutmenelevelrvaher i appliadrduringl proedssing ofins at a
second tine |nt ernglliln,r in which the leeeam posi ti oner changes the _output

posi t i on@fiablayehwithin the BBrgetaaeass Aphihe Seend cusreghlevelayalis s apRlcdINgg ¢ he

second t| | Nt er.v | l t | and second el evated current

| evel s e%féﬁesgfgﬁﬁ?ias@élg‘ftﬁ]eggse? w?]:"?g}c tg%ﬁ{ éljgéﬁzgo'nd different current |evel

val ues duri n@%aThe afetiddeoffdldifit 2 an@hichithelfits: BRd sécdohe@ elevhied cddent levels
PoNMR4485355. 1 -50001/82:2 - 6 JUL 2005 21. The nethod of claim 20 in which
t he firstacheempesoaideasyfirgand|second diffengascuarant leygbyalees duningregclppbthedrsing of
a single |layer of ternial within the target areas. 22. The nmethod of claim
20 in \,\hﬁ-"éirﬁé{‘ﬂém}fﬁlﬁl Wrrrent |evel value is higher than the second
current | evelayarHe metdR dficlaiin 24 Whikh bifVilst X $Rohd c@Pl 18- IMbéd e
processing of a netal layer wthin the target areas, and the second
current dpplied durhgipracessippdfi 22singladayeq of pratermd siithin ik targeli abkasctric | ayer
within the tayget areas., 23. .The nmethod of _claim2 in_which the first and

3 ???”d el evatey &hi§ meHiod) ?Féﬁllgl 23 cwhich ths firsborent dexel valpe & highey tharBd
Mt er val el S AP LaE HE Brdd btk 06 Yafle s Afpiiad Giine bbb Bt TP,

| evel vahtablagérewithipthé edgetuiéRgant the 8scindtudientleseiN@ihe ik a)ﬂﬁlliedodurl’@t erial

within the target areas. 25. The nethod of claim23 in which the first
cur rent PreGessing of aeliglectrir dayer withimtheriarget areas.

26. The method of 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
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second current |evel value, the first current |evel value is applied during
pr ocesS.BUisks 1. sobek | ayer wthin the target areas, and the se_cengye 2005
current |level value is applied during processing of a dielectric”l r
within the target areas. 26. The nethod of claim1 in which the Qswtch
generates | aser pulses at a repetition rate of greater than 20 kHz. 27.
The net reydrest leyelagoenss ata sghonshtime nteyvalyiin sthigjethe baarapositioper ghahgassheit a

titi t e of t t 20 kHz, 28. Th th f clai in which
e T r <tuletpoSia, b Bscirsb gy aleaco s fecend, B gl pEruh e (R 3ECoRd o t or
than aDofer O VhicRShe B AEAAAM: Charh el bl QHOKEH FohF el sEaindptkcpecond

| aser outputs conprise a rter than about 400 nm 30.
The et hada af a diai disdrelentanget area tafter thienkbird déne inrevaddnd dardng addyrdt Smeonpri se
a harrmonic of a wavel ength emtted by a YAG YLF, or YVO4 |aser, such

har moni citery# dhay deprgsentoa didferent amoypt ofime from Biat obde sagond timererial; pedi of

claim 2 4 ' e fir | aser, ;out put ' har poni ¢ of
o never GOrHELAE helf phirbite A SERREC, \AOR] 10ULRN g BREL BeeR apliRf IR
i ncl udi NigufaB Zintelifter?a> out, 349 nm or 266 nm 32. The nethod of claim1l in

whi ch supplying current to the |aser punping diode at the first and second
el evat ed cur r¥nt Themstwdofclaim Ziin whichsupplyimgfourrent wrthe {dser puroping diode at

ot g SR RS ek B S BB S B,
OCCUT'S Zheya1E GRWhikH {[ﬁ)glﬁg&}ﬁént ) &evﬁé&gum@%%égﬁﬁﬁé RO 1WA ARpnges the

out put position from st target are e second target area during

t he secamtirehi lepel acehsratal secoml tvhe ddtertvhE ib evhighpiha ibeam pesitioheruesgdshie out put

position fromthe second targgét area to a third discrete target area after
&

t he t hi reRtPYLResifian drops fhefirgt REFadoftlatsacand tasget arga dpring the gepond dimeesent s

diff . of. tid - f T : , L2
ohich ¢ HoRrulehPhicind bt bOHRED Bhares I3uRRE BRSiibh Fom Beleodr il | L0,
during tdiea tdf PiHildnditdram thrpeeiré@duridda fditeh fikkhaeral itk ddpesénisth diTefeit

supplying current to the laser punping diode at )
amount of time from that of the second time interval, and in which the laser pumping diode

supplies a second lower or zero current level during the fourth time interval.

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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the first and second el evated current |evels occurs at respective first and
t hi r d pdrdoiBassdsiL Skbok> | N which supplying current to the |aser _ﬁgnmngznns
diode at the lower or zero current |evel occurs at a second ti f Nt erval ,
i n which the beam positioner changes the output position fromthe first
target area to the second target area during the second tinme interval, in

whi ch t heere deysl fodlirrans dering paeepad tinreingary g hetyees) the Sifstfand Mird Bmg dufervals

t ar get rea tq.a thir ' .target area during a fourth tine interval
t hat repﬁé‘srgﬂ?tgmg ra_{équgalti'%#%gh%unt of time fromthat of the second tine
interval, andy ﬁtr‘ﬂ@dv?@, héhstoagiic @%mbﬂ%rdﬁr@dﬁmgsétﬂéﬂst% ﬁs&%@d&g wWifjer or

zero current level dufing the fourth tine interval. 34. The nmethod of claim
32 i n whéach of be firstwerd segond sert autpits dndng e respeotive fichend thiuk tiee intewals ar e
different. 35. The nethod of ¢lJaim33 in which the |ower current |evel and

the second | chBram pavHeR Pradressig the PREREPASItioRsOf the ATYARDANGHT EFAIdR 1 i n

whi ch vi ! t f L: bl e- pass
oper at ot R AR O ROR ant BB hE o AR R0 oF Bl © 1
target |qyeid RE& outit i®Wlardn secsd @l get REASIPPIRE ORI tid8 intérvebagl fogyst em f or
machi ning at | east one |ayer of target material at nultiple discrete
target agleasingsheouputpgsitivadrom drpfirss tasge! aseastol thel sepoad éarpetssea dusing the
generat i ng lﬁ].l east H_rst and second | aser outputs toward an out put
posi ti o’ SPBhEMEREHEE @ path; a |aser punping di ode for punping the
solid-state |Asgferfidt cOgtr@ifol 8RSty &' iﬁ&iré’d%@ doBtdiflatinBORAVRY bARRIHRGM! | Me

I ntervals; a variably controllabl é power supply for "supplying an el evat ed

| evel of positiongrgt sysiemt, ke pdweresupplynpind thed-serdtchlusuch ghat hle powestsupplg t hi rd
time intervals _and for supplyin ? | ower or 15 Ponhd244S5355.1 - 50001182:2
26 JuL Spphesalevaiadiene! rteatiodr asgy prpping diodeivging; the first agd {hird WEe ween

the firs; ' fé ' AW ) t 2 kHz;
an i it sy s WAER foel RPN b cSer Godls WEREAL bR EpdlonBl ot 28D
pul ses vietélicnrreseddtingf the Beconidrtite eavaaginthe asHut positvi 8 being dh@ngddde

respective first and third time intervals;
39. The laser system of claim 38 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 pumping
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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a beam positioner for addressing the output position of the first |aser
Out pUbonin@Wasssh.1a.- fobol/etz t ar get area during the first time interval _agdU 2005
addressing the output position of the second |aser output toward 'geI'Cond
target area during the third tinme interval and for changing the out put

position fromthe first target area to the second target area during the
second time i4% eFlmlaserssystenhol; daiay $@ i whishithe first gpd ghirddme yntgrvalsndi rect | y

coor di ne}&%\%ﬁﬁgﬁfééﬁ%ﬁ%ﬁ%‘g{]&fﬁ%gm positioning system the power supply,

and the _ e power supply supplies elevated |evel
current to thg | BselasitiyBiefitofidifige38! i Whithitheelkidted 168 of duirfedit Sippled
intervals when the first and second | aser outputs are being generated and

| ower ordurimgdhe fiest @nd ¢hird bme intgrvalayrepiasents an agual iameuithefegurednt.when t he

out put positi ' ei ng _changed. . The |l aser s emof claim38 in which
Che T 1ot andioe L BStLgsE RO aim W in whicp he ey b I9¥] tauruedh Sinbied

functi ory t CAnGE 8 ' | r | : ',ﬁiﬂfﬁ)and
i n whi ch“t?ng Lpgglés‘r%\f%{ljeni%lieng dlgo eerﬁglg:pd ellh %Lrttflg%a?%ﬁdﬂiggu@ﬁﬂnﬁ@? lllfi‘/dgtjj pumni ng
capaci t ythe¢ Hdtd limsiihtervahe anount of punpi ng power that can be delivered from
the laser diode to the solid-state |aser over the first through third tine
interval s, suth Thalasemsystegyel claim 3@ inwhich\ihe layfer currenievel wopIprises duri ng

t he secongst itr};gl[yi nt ervak permts the elevated | evel of current supplied
during th f "e?ncd]q% Td time intervals to exceed a nmaxi mum CW current
llevel for theid apR¢ 1adbrOdSteVEr cl@nt VY irl WRichtheEéRte® kveVal @itfent Basi419edst I St
through third time intervals and such that the power |levels of the first
and secdindt angdssecomddifferent gurrantdeved ivajwes dering eqebtafltthefirst and thisxdkcdme a naxi num
CW punped | aser output for the |aser nmediumat the given pulse repetition
rate wheft Yﬂi&)ed by the | aser punping diode at the maxi num CW current

| evel . 40. Thg | VSARM & clSinfh ' ' ,,gﬁ?avia
drilling th:w(;]dg Eﬂas?rhitg vaﬁ%%s@%&%@t%ﬁfggfaﬁ ?ﬁ%d°§§§g?§?{‘§§§ps o] St he

| aser oudrpuapslicdnthringeprocessing of bisinpde lapeoofrhputialexitisadie ergaaremm CW punped

| aser via drilli ng t hroughput for the |aser system when operated at the
mexi mum CW puthoedibs bser systgmyeh claim 46 mwhichdhe fiksy sumpridevel valumishigher whi ch

pontr t 2 SHHE HEsb eyt 1Py P AN i R B EB5Y ol Ve 1t eh B bt ssic?

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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"42. The | aser systemof claim38 in which the first and third t nﬁ@ﬂ1 5
I Nt er vadn®@-<4sh3ear es@nd22di fferent anmounts of time. 43. The | aser s§s ?QP
claim38 in which the elevated | evel of current supplied during the first
and third tine intervals represents an equal anmount of current. 44. The

| aser systemof claim38 in which the elevated |evel of current supplied
during the fitstThe lngen systemef claim &8 iy whichivias rughaneedian ene REasblayer

current E%&E$?§Hq3ﬁéﬂﬁé%%gse&gﬁ5€ time interval. 45. The | aser system of

claim 381 urrerit level conprises substantially no
current. 46. SBheTh@keér sS¥SHEST Qhint 3R idwhiZhi tHe WS Bodiigne |cBMiice thd @it of
current has at least first and second different current |evel val ues
during ecposhiopfirarnsher second tangetiardartd a third diderete targetareaiquringhe fauabaimeyst em of
claim46 jn ich the first.and second. current |ev val ues. are applied
dur i ng. ot ah gerspoents B aPORRGHT (e BERLSEAR W ASGoHa Hong RVl e
48. The WRertnetist B ot Bidfals RouBhish aithied: ideSbacof ARB! adadkEbicvabae 1 S
hi gher than the second current [evel “value, t Irrst current [evel val ue
i s appl ileckl aficumnentmupplésisduring thé fiastrisheintdrayleis diffdrbntrrdrh ehd elegndd Rvelastf, and

the second current |evel value is applied during processing of a
di el ect rquErenkguppliGd duripg E‘Wéhtfﬁl’:@ﬁm&ﬁéﬁs. 49. The | aser system of claim 46

in which the S t a Vi Ll ro t that varij,es.as a
Functi on of 1. Lo Bbe SeESe it 3 Llsbich e O SURIC Kbl o VRloiFRee]
t hr oughptat i9% HREHSNIS offe fundsmdaidt ResvER Az thasdted b (¥ dollidlshie 129810 WeRWer f Or
the |aser system when operated at a nmaxi num punped | aser output. 50.

The | asdeval gurremt ks acnomizeno3@Uuen andh tehQtsmdtchigenerates dassepwisas at agepetitionput s
conprise a q@veleqﬂﬁazgﬁiﬁhis shorter than about 400 um 51. The | aser

syst em JRIEHBTFAISY t¢h the first and second | aser outputs conprise a
har noni ¢ of a wavel ength emtted by a YAG YLF, or YV04 |aser, such

har moni cs i ncluding 532 nm 355 am 349 um or 266 urn. 52. The | aser
system of claim38 in which the beam positioner changes the out put

position fromthe second target area to a third discrete target area during
a fourth tine interval that represents a different anount of tinme from
that of the second tine interval. 53. The |laser systemof claim38 in which
vias through nore than one | ayer are
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formed in a single-pass operation. 17 Pordi 2MB5355.1 -50001/82:2 - 6 JUL
2005 54. .LQ&O:L.?S.g&?ﬁ%?tem of claim38 in which vias through nore than one
target layer are fornmed in a double-pass operation. 55. The | asef §UEtmg§n
of claim38 in which the beam positioner changes the output position fr
the second target area to a third discrete target area during a fourth tine
i nterval that r@pr&eSk@is DAODB-PEUMPEDaSOWID-SFATE Y IUASER BISTEMt he second
time interval, 'in which the first and third tinme intervals conprise

different periods of tine, 4NE MEIHOREMBEOYINGBAME current supplied

during the first tinme interval is different fromthe el evated | evel of
current supplie [ £ I time interval. 56. The | aser system of
claim39 in whi %dcp DI §|ﬂ s conprise a wavelength that is a

har moni ¢ of a fundanmental wavel ength emtted by the solid-state |aser, the.
lower |evel AujuaehCWidtode- 00 REG-pnmpéd]eA-RQdviftRedss-§tale JVadedis¢Semaser
pul ses at a repetition rate of greater than 20 kHz. 18 -4357025.1

- 5\W0 1/ 82(10) eynrirordoersirginaS - e misORY Ruipiiny wiBmeeBEAT S iy HosSBRINgYSTEM
AND METHOD EMPLOYI NG%SAI\/E Abstrgﬁt of the Disclosure gn&uasi - CW di ode- or

| anp- punPEE™ ROOIHISHE PHER KoV 9%‘%%?%‘“19\’»“%%)’&‘3‘%@@ oY) e QLR IHEF Y es

timng | ¢ 5t AP LAl Qn) system
(36) To Feal T nAEPARY A3 FORN SRIbIe dhas 103 BARFAL AP0 Bk OVF O one
target thr@ghpdtl) Thos,tthe avdbablet EVgsswarfopviaIbimatiod o highet ktemptouyh dse i n a
substrate at a high throughput. Thus, the available UV power for via,

f or mat i AYErageGHARE POWST ihBgdaser reedivg 1 g and thepmalhlopding of thye laprr prepipg

di heg i f the. | i di i
The sanctides Q27 e SBA0LR el bl i) AnBURRA cofcGRy I purk BB, e
convent i @iRkbivehviahhidbhenilBRARscP PURIpHE GloBekeE4f.14he e CRARIm$MYE RUFRHNY

current profile can be further nodified to realize a preferred pul.se
anpl i t udgrofiterfan| e further modified to realize a preferred UV pulse amplitude profile.




