SYNTHETI C PULSE REPETI TI ON RATE PROCESSI NG FOR
DUAL- HEADED LASER M CROVACHI NI NG SYSTEMS Techni cal
Wo2@hd2920001] The present invention rel ates t oPCEHES2006/019780
processing a workpi ece and, in particular, to
conmbi ning the outputs of two or nore |lasers to achieve
at a given power |evel a pulse repetition frequency
that is greater than the repetition frequency of
either | aser operating independently at the given
power |evel. Background of the Invention [0002] Laser
processi ng can be conducted on nunerous different
wor kpi eces using various |lasers effecting a variety of
processes. The specific types of |aser processing of
interest wwth regard to the present invention are

BRI e BT eA s RiiGRs SV soR Ikt HEADED

processing of BASER WOF&'@N/IRCHWI% $PsPENRSL wafer

dicing or drilling. The laser processing nethods
described herein could also be applied to any type of
| aserTeghitieatdreldni ng, including but not limted to

| f .and t her nal .
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partiooirpteecdabinifP i olRpORY 6fi the drafife BEEFLRSAdHI alvh Given

and/or holes in a multilayer workpiece, U S  Patent
POWRp EVes agylise trpedifan zf,resim@ncwgatcw gaser ﬂflanathe reestitidrbeequency

o e85 QA0S 14 BBt 1 UL SLEL LTS Y51

: par ar&@cé«csosrm ofmeflnwmmcm a multilayer device
Ooot&liro -hole or blind vias in two or nore | ayers of
[000z, PrRG&sSIng CQWB%Ondﬁ@edﬁerﬂur@?mL@rﬁlﬁﬁmnjd\agkmeces

ust QREEE TRderk @%&t%atva?gp of r%e <$ Qéé&ﬁgv)?pr%act)ﬁaser

of greater than
proopgwpgrcﬁllntpmﬁewm rebighasd UftHeq:n‘eseh’amvéﬂlﬁbrnSre BBk pRIce8Sing of a

singde MBI BE Vi Piefado SHEe! A gheliraninian Fars iy svblaser
proctBsingRAa éﬁrﬁ@on&’ﬁ@to%@f‘éﬁb%ﬁe@g@‘%d@ PWAB@@% The laser

identified is a di ode-punped
pr 00?&%‘@@ methodadepatived hexeincsuldrisebe aplibi tabhgydoof laser
descri bes a net
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and trmmel anh@alineLbseimrhingtpdseive Bidkst Mirfind &ﬁrﬂ nents.
[electric layer of a nultilayer device. Paser

[Ooogl/st &a%anding laser pyaressing pbviasiaon/ordiades ot a gnudtibger workpiece,

U5 ARG ook Bt 3R, B LSRG RS,

operdiirgreh eﬂﬁa@éleb@tﬂ\ﬂ&@@eﬁ@yé@rﬁt@dgé’r@a%ser output pulses

characterized by pulse parameters set to form in a multilayer device through-hole or

blind vias in two or more layers of different material types. The laser system
includes a nonexcimer laser that emits, at pulse repetition rates of greater than

200 Hz, laser output pulses having temporal pulse widths of less than 100 ns, spot
areas having diameters of less than 100 um, and average intensities or irradiance of
greater than 100 mW over the spot area. The preferred nonexcimer UV laser
identified is a diode-pumped, solid-state (DPSS) laser.

[0004] Published U.S. Patent Application No. US/2002/0185474 of Dunsky et al.
describes a method of operating a pulsed CO, laser system to generate laser output
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[0005] Laser ablation of a target material, _
particularly when a UV DPSS | aser is used, relies upon
waleooeaeizny to the target material a | aser out pRCT/S20061¢19780

a fluence or energy density that is greater than the
abl ation threshold of the target material. A W I|aser
pulges thet formblind wasptma dlelactrmzlayéreoffa)mmddyémdémea @he laser

syspieriss 8 BLisBTEPERRor PRt of ries BRn Y bir, Bsghpatnut pulses
havﬂngl@nﬂ@or‘éﬁpulb@fw@ﬂl%rbﬂ@% #R% J®AnY bAd %‘p@frﬁt %\Eﬁ%@?‘neters of

when the desired via dianeter i s between
betwgan MIHMANTHO HManet er of the spot size can be

00851, G881 b 47 of SRR A e e 8L B e

usedhsellleasmonailtemnhgenMQ}argénmlateﬂaﬂ @ Ibb§r @th@ﬂha&lh@ta fidence or

t t t | ablation thresh
eneL USRIt Sbisr epie dhgR iranablationtiRenaldapt the target material. A UV

lasrUniRIY ‘i‘égérbuftﬁdﬁh&pc%'ﬂ’rgée ?o%%te%fh%ggfas gyi')étpsﬁ%?/ 8%9‘%«3% about

used and the focused
10 jam andsgh |30 jeroraténe rie? diametdrarin certairt ineRAItesPRis SpX size is

Sp
smayBe TR et o bt iercSticrvas when dbe deired Mlacliagrater is
betwéers Qbé@ﬂ 5@9@% BOOGfMh nqh&'oﬁa%e{éﬂf'tﬁé‘ sBéP&Eé 26 be Hiarged to

via di aneters of about mm or Ssna
havg fiie Bame djémeii@ras thendegtived diametarofahe oia, thiut eugﬂﬂ eutargement

woul@heflcel e Xt byt ety BoRihy Brind Seaiihar & pless than the

targﬁﬁmt@id]\labﬂatm tARSIhaYd 88 ehhNoBatddt ??@%grﬁaﬂeﬁélf floval.
formati on of vias having dianeters o nm or arger

Conggaeenile the dAam tadgetm fecusedapst sens eged randythedocused laser

oudBAIEOh SRR LR e B BUEE Oy S o
via Hmmmmead@sjm dinArete, @@Fzﬂrngofreggﬁﬁmﬁﬁhaﬁd *BnEBhFiB el

be formed using a CO2 | aser he hi gh degree of
ProGessing@reJYRSs o s6aliRd nan-puRe lmla\mfmaéﬁ@:]monam For via
t oke via
a5 S IS8 017 AR A0 P 90 S Btegmatir
throggheatter than about 5 mcrons. Thus CO | asers can
aII ﬂisedtoformthroug hole vias only in
3

[Ooobipp % colisatts e auiRbo A PhiSeH-S0s dasasts histealebidathars50 pm
and 18 &dibbe éﬂﬁlaﬂﬁﬁfﬂﬁng'sa e‘ﬁ% d@ﬁSI%agﬁﬁoﬁﬁt Zcﬁﬁaaho% of vias

treated to enhance t rpt|
hawwdmete[&)@b@]) pher lmger arocomvernivher taaget matstials) Consequently,

2 pulBEnd rlies is M baR DRl ag el Qalaser et pRact via
formati&h.o HaR@ vy, i 9|%|Hé(/m glg g@?af@ﬂt GibpndtEr GF les§ g&ﬂ%@ éﬁﬁgannot be

dielectric material s ymer polyim
formegd usiRgy CQaleser.ener gy at UV wavel engt hs exhi bits good

[0009PUD|The91|gh degree of reflectivity of copper at the CO, wavelength makes
very difficult the formation of a through-hole via using a CO,laser in a copper sheet
having a thickness greater than about 5 microns. Thus CO, lasers can typically be
used to form through-hole vias only in copper sheets that have thicknesses of
between about 3 microns and about 5 microns or that have been surface treated to
enhance the absorption of the CO; laser energy.

[0008] The most common materials used in making multilayer structures for

printed circuit board (PCB) and electronic packaging devices in which vias are
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efficiency with netals and dielectric materials, so

the UV |l aser can readily effect via formation on both
wa@oppaes2sheet s and dielectric materials. Al so, PANUBSE019780

processing of polynmer materials is w dely considered

to be a conbi ned phot o-chem cal and phot o-t her mal

‘forrped)d:}q:ssally lnclwﬁeahethlm(eky baﬁmr)@lmtjmiélepﬁrdmme’ﬂ@iléiféég polymer
ar

ol yper r| al by disassociating its nolecu
Po'iﬂm'ﬂ'g ?%Wo@@n&a bHeAssh eoREg adUyhuavelangths sxhikils, good coupling
e
e AR A2 P OHEE ot BHAEPSS 1BV (ol Sorf RORA) oot via
forrdatireon hioth cwpeari sileetsiard eiglested ratelialsgeklsb ad¥rlaser processing
vel engt hs. For treser asgns, solid-state U/ | asers

of pelmey Rt ekeS Wgel Sonsideiedie berk semblastphdiesdemical and
pho‘f@-ftf?ém?él%ro&é&om WQ@% théw lla%re?‘b%%tgﬁSSI agl'a?%seﬁfer bcﬁgmer

net al rraterlasan aser proce ng o
mat@rlel by dinassogiatingite mdlecurat bpmdmﬁrreegh ai phatbm@b(citdzrda chemical
al absorbs t

reafticl, ety B G sHEEr i eSS nipte gstinaaes Brine photo-

theftn@aIRb8ésH hat d6EUreWHEn BRCGIBR IR ﬁr\%[brlaﬁ‘é‘ﬂr@éﬁmé&l ﬂOYIonger laser
abl ate, vaporize, or blow awa ation rate and via

waviehenaths ofror H”reﬁ@gﬁgaon&r@lldfsaat)éwyllas;efSteW@r@ferred laser sources

| aser energy density (Il aser
- for @@%’%é‘ﬁb 5]&0% %%H&aqu spot size (cnR)), power density
[00@9]as eC@m@s@mrd@é@mg/ oflti¢labetc Bid PrétaEmatstidls and UV laser
(seconds)), pulse width, |aser wavel ength, and pul se

progessing of @,@’[qlgtaée P[io@ity ph(pi;gstherragle?roge@%@s Rl M@lch the dielectric
mat%hép&%gigl mabAd ﬁ?sorgg ﬁheeféggpéﬁeggyéeauﬁﬁggtﬁ 3 P?I thFncrease

r other electronic s or

in teamperttales soiterobh becmmtaemldaérs andse\}émmalgoblﬁatd, Ivepbazeror blow
se repetition rate, as

awelio RDIGHOR Fate 350600 SR N HOIBRA A T PIcUtRI bipgie! materil, 2
{ i j

A8 9550y OUhEN, (A SR 1) AOEBITHIGI 5 AP, pover

deneita(ipser e@fergy denBiRG8ivideskby palsa vwdﬂe(selc\ﬂﬁd@pﬁuleé%dth laser

%g ol d ng Li ht ve EI ectroni cs, Muntain View,
way, qq?la,rqp UG ?é‘rreﬁ% used in a Model 5330 |aser
[00130{|5t EThPS Ié’éé}eﬁroéé/ﬁlﬁg'%rbﬂghélﬂ §Géh §§,Pf(@)3r?t@5&§ﬁ‘@ﬂé”\ﬁéjf&hatlon on

El'ectro-Scientific Industries, Oregon,
PCE peothssicierteonit patkaging devicep r hnte diiling oatrnetals Fhether

matbfiEL B ERPBT b BloEBoeEE R B S B Bpefion rae,as
wellfzey thatdpeadt4tvenieon s bedmt pusitidrRy@ananevs Wit Ridel éu@ﬂ@m a spiral,
600 vias each second on bare resin. An exanple of

conggNtye gircep or frspan |p§tt§rm@a@|betm@ovkagocssltms SN @xample of a UV

' ' Thi s er. i

OPRUSF S 3R BTGl b SEMBBRHAFrn IV FlEfds ounan
View tGaliferrias Thiabecisursd |hsa Roeet 56833BRisenkstedn or other systems in

Industries, Inc. The |aser i s capable of
its series manufactured by Electro-Scientific In ustrles Inc., Portland, Oregon, the
assignee of the present patent application. The laser is capable of delivering 8 W of
UV power at a pulse repetition rate of 30 kHz. The typical via formation throughput
of this laser and system is about 600 vias each second on bare resin. An example of
a pulsed CO; laser is a Model Q3000 (9.3 pm) sold by Coherent-DEOS, Bloomfield,
Connecticut. This laser is used in a Model 5385 laser system or other systems in its
series manufactured by Electro-Scientific Industries, Inc. The laser is capable of

delivering 18 W of laser power at a pulse repetition rate of 60 kHz. The typical via
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delivering 18 Wof |aser power at a pul se repetition
rate of 60 kHz. The typical viaformation throughput of
w0 bios/1R$er and systemis about 1000 vias eachPGEUTS2UA6/019780
on bare resin and 250-300 vias each second on FR-4.
[001 1] Increased via formation throughput can be

forraatenrtiroagiesutyf thisdasasinsydiemisladeut ¢ vids®hohadetond on

a pul se energy sufficient to_cause ablation as

t
bargé@%‘ﬂi%%@@@.V'WWCQQQOW h&-bv DPSS | aser and
[00? r pmc?égs%alféﬁﬁéﬁo%r%‘% I ' Bt éb@d}npliﬂr@;by increasing the

rease, pulse energy decr es’ i n a non-
puls§easdpaditionirate at 4 pulse aneegypsalfficient petatseoablatidr asakasctived

. in | th - f t | f h | .
oo e T I o BP0 S0l i, B
repERRAT idté O horédse, PS8y MREHBEBs AL M liNb & fashiog éée., twice

formation governed by the”m ni mum pul se energy nee
the pulssaiepetitin sateaasulfinleds Regeonr-hglf die patgeaenergy for each pulse.

Ll S B R RERRR Lo
maﬁﬂrﬁinﬁ‘ BateTRArAROR YWVBENdY BY B MmiBtinbuscUsidlgy Beeded to

i anond saw to dice wafers having a thickness of
cauge @ation: han about 150 microns to form streets having

hdt h 5 .about .100_pmi craons. chani cal |
100t Belar g8l hRidiilic o8 ardbee Bhigifon Hetos
of effeotitig #diaing: anech@staltsawing ahddiserdigihgt Meddridal sawing
[0013] Laser dicing typically entails dicing the
typically edateEebo %ﬁ@?onfg%@ te disg walers Raw@g@e&u,lcmeswf greater
e
thar} 8680t 1501ifrolls b RAnES S0 NERAMRIACKP UG RN oo
. 100ahicronty; Mechadicaky séeing Wiaterohating ssthicieiest thatis lésHBan about
m crons when using., a W |laser, the ability to dice a
100 gicEns;yesHgs &n EU’IC%E@ Pfthedatelk.y, and the ability to

[oo£dyf eClt_éé’eﬁ‘deciﬂ{; Qﬁgééllgﬂﬁ érﬂailéﬂ'e{gﬁ{rﬁ?thte@é?ﬂﬁbnaﬁagr WaPSusing a
that can be ced usi ng mechani cal saw ng. For
pulseddipigecers ariUV tamerwhbeer Higingnoffers varioks eslsanfagebmvier

AR B ST CESon L 3 B bt e v
~ of thtlstké&t t8labduti50imigraHaarRe? Lisihé® IV B8Er, tRe LB ng) Hi8Efa wafer

u
having a width of about 35 m crons. However,
alongi @ gurvedt teajectofy, lansiethedibilitn do sHettivehy dicemiliosaf waters shinner than

t roati en of debris and sla bat h of ich.could
thosgifia} 844 Bo\ e livif Mareheliée effie or et il pesfoon afer
haviAg et thickridiss 31 wBBLEABS nflErdneSRay Bt FARLOPSE L laser

wafers is that the workpi ece throughout rate is

opefated aba neyvars ahoubs W amsha renatdiondate sleahheud &0, kifnetajdicing
vl 120 RIS RSN o PR BP0l QNP Hovever
one \digkivaatReadf lasdi @bingaleniobndivtot@amsit i$ thecfoh@etioh € debris and
slag, both of which could adhere to the wafer and are difficult to remove. Another
disadvantage of laser dicing semiconductor wafers is that the workpiece throughout
rate is limited by the power capabilities of the laser.

[0014] What is needed, therefore, is a method of and laser system for effecting

~ high-speed laser processing of a workpiece at a high rate of throughput to effect the
formation of vias and/or holes using UV, green, IR, and CO; lasers and to efficiently

and accurately dice semiconductor wafers using UV, green, and IR lasers.



formati on of vias and/or holes using W, green, IR

and CO2 lasers and to efficiently and accurately dice
wa@eossaenduct or waf ers using UV, green, and | R PCT/US2006/019780

| asers. Sunmary of the Invention [0015] An object of

the present invention is, therefore, to provide a

met ho&ﬂﬂﬁﬂﬁéﬂ&dﬂﬁ_’i&ﬁstemfor |rrprOV| ng the speed

[oo@gf/ 0,&\{1‘%64&&' N e p dé n%tﬁweg@é érsgggg B\Fﬁi’? ez%nn%t%od of and
a Iaﬁiecsysiesﬁm QﬂngDmel\aieﬁdSaﬁdJ@heﬁibﬁincW&ﬁ (1 Ple8&r Blocessing vias

: I d kpi ece throughput are
andGicraas yS BRI $H BELYBHErNO R aoss sk Gy sising semostor wafor

sucﬂﬁﬁgﬂﬂe%t#@‘rtﬂéﬁﬁﬂe B4 @n’dﬁﬂo%{g e%::entt;r%@q}pﬂné rag?rﬁ)r\ééeased and

materi a avvor pl ece

proeessequalityis ingireved. a gi ven power level in a dual |aser
twp | asers so

10045 *Fhe Meinf o die Phseok Evaplion aptimp Ruicaival i gaaterial from
a w@r*-kpiétié lz}uh@%rﬁlzﬁfg %%ul@é gérﬁsetltljéaﬁéféhél‘% g%ﬂ%v@éﬂ?vgﬂqﬂ a dual

mbi ned into a single be I'ses o
" Iasqr \ﬁtVS’@éTarrﬁ' harr@eﬁh@de&ntaléﬁ/tﬂggeﬂ‘h@ two tagers lseahahlale iadivlduse pulses

appggﬁgf @1@89 0 Tt{gge ugtptg% PR@%M E@%Hssééﬁgﬁlgg%@]?% tE)g@n]snare then
contmﬁaeccmr@ermg?lbmmﬁwhlw tha R éﬁ 3}%% fid Sid m%%rleaved
be i ned be

as it had ore conbi nation. The co am nma
Thegimgle heam hg\s @i Rulge cepetitiontfiasuesey{PRRAthdtds equlaletostaee

Con%ﬁgr aél{flg{é?é i cséadciht%%ae'ﬁng?ﬁf%ggﬁamsgt'Pgﬂgﬁﬂ@%@\ﬁ& bpam has the

- sameubuise shariendtich dsataad befdvs icaRibiRation. STHe b@ﬁﬁrﬂad beam may
ose of the undivided beam Sone of the pul se

be S&Eﬁ?ﬁ‘é@'@m divided into fwe bearpathat haveithpasre BRF. p|l[l1| the divided
vooBECBte b p YL LSS ENE RIS diPovera puss

shapﬂlwlﬂc@malrsmulnsiamlélly dimilapie s Ehey uﬁdllviliedttﬁéérﬁo%me of the
t he undi vi de beam [0017] A preferred enbodi nent

PU'SSfCh@ﬁ%C’fﬁ%% el SRR &5 IR %%Amﬁ B%WQT AQd Putse engspy, Wi, however, be
lelo%@rIbé%%eWth@rt\gétb%aﬁ’ﬁg §u&9t rié‘ﬁ% | o O Fﬁ I-F[E %g%égjcterlstlcs

pul sed | aser beans produce Iaser o

will hehapprexirmatelyt equalrid thoseof the drafividedibdence on a beam
hem | e beam The

o B R bEPH e o or
achigv®hitbGafs pQ%ﬁdQJé‘taﬂhkeYdésh@@%Ian%%rt %d Le ef 'b%QFn% froduced

desi red non- Gaussian profile. The co am-i
at theeserquipuiscareriben mkhrrmwrendwlmectedmy nmdmaeeom ecbéarm

- combiek AFER. BPhuihes, Fehnto Bodhb8Basih. 1188 A Ngd peam may be
left iméts Wrileereht Gbaséléh%rbﬂ@sd?'dbt@ﬁéwaﬁﬁ‘a;?ﬂ:aﬁ‘@/%r Hﬁ&géd id BReate a

conbi ning and separating of the two beans resu
desirgdanansSaysaian Rf@F\l@l tVTQatJOmhkﬁlelddQ%m imtheordivided into two beams,

whichPh&P b Srebh ot Atid MU WY Shi3Scations of the workpiece to
perform micromachining. Because of the non-linear nature of the relationship
between PRF and power, the combining and separating of the two beams result in

| greater power density at two locations on the workpiece than that which would be
achievable if each laser were separately pulsed and directed to the workpiece at
each of two locations at the equivalent PRF. The consequence of achieving greater
power density in this manner is an increase in the throughput of the micromachining

system.



achi evable if each |laser were separately pul sed and
directed to the workpi ece at each of two |ocations at
wo b@caefziival ent PRF. The consequence of achi evPemUs2006/019780
greater power density in this manner is an increase in
t he throughput of the m cromachi ning system[0018] The
[0048] antThgeasivantageseaffasded by shisrineenticomarereotiintitdd toi tivedasers.

; : ' L ml techni gues, three or [ :
Usih shffer B3t AeS Apfitk S Aoud lseS PRUE S eaBineaetis hided into
threwoembeabsamBphewerer, @ven nisss of Msdra aes 8adief t¢ashBine and

ine and divide into simlar output beans.

. 1,0 .conbi
divilg dnte simpar euteHEPEdPSect s and advant ages of this

i GV eNRHARM W ; I j tailed
10019 "ol RSP LA I ORLBOA I (i efeh o
the foltovérgl sletaileld desiceiption ef prefeired apasotiments e EWinhEH proceeds

. Brief Description of the awi ngs [0020] Fig. 1 is a
with F%@Wé‘ﬁ?i%h@?ewrapaawna BYINGSy nul tilayer workpi ece
: of thpritybDesthtlf HtAs a laser beam forned in

accordance W the present invention.

[002@)02 1Figrilgs aXragmentsiryrpie dean exempfarymmgageawoagpi@ce of the
eferred s em { hat , conbj nes two | aser beg an

type b PliGHREE 1R lASPh bR ERE 41 Aoe CEReS a5 Tpthod of the

preddift ivegioAt | nvention in cooperation with optional

beam shapi ng and i nmagi ng o&]i cs. Fig. 2 also shows in
[002Hant bigy Riimasimpliiiedbchempiin dingsamieita prefemed systentthat

con et APIEBEF ob TR AR AR A8 Bt M g etnos o

the presenelraientos i pobissraBen vath Gisticpae bedmAsHh i ah@im@Bing optics.
. exenplary prior art |aser. [0023] Flrg. 4 i's a graph

Fig. &halaP $§owedn pdiratars isrs prieahasenpnanie thatdugherndividerie

. f [ n
cor S e A Y ML B A B RS8F ol i g, sa
[0022] a KjgaPlis alypaphnghdlWwingotileseldtivashipRiFtwaad p@ﬂi@(eﬁﬁ@ﬁ/@hd PRF

roduced bg.a rior art dual [aser systemin which
foreﬁh%’ﬁ?W@@éY B%re‘g%ﬂ%%eri ndependently. [0025] Fig. 5Bis a

[oozggapfFiggﬁlmég rk sHH\kffrfg; dtb%@%fétiBﬁEhi@[)B}é@S@h p\%ﬁ%&%{%@@/ dhd PRF

nmbi n r ‘beamp I'n ac nce _
for epivessaser systent beam quAp2iGhHrrRed .in BCcordiaacy wtbhthehsresat invention.

10040 M e P BB b R e 2L 8Dy proctucd
o L A I PLAORE: BHBLAGS Bl

[0025] ef drig.caB émd @idphe ahowingt thegpulses train PRF drakpeak energy of a

" combined laser beam produced in accordance with the present invention.

[0026]  Fig. 5C is a graph showing the pulse train PRF and peak energy for a
separated laser beam produced in accordance with the present invention.

Detailed Description of Preferred Embodiments

[0027]  In a first implementation of a preferred embodiment of this invention, laser
- pulses generated by the invention disclosed herein form vias in single layer or
multilayer workpieces by aiming a laser at least two particular areas of the workpiece
with sufficient energy to cause ablation. It is assumed that a single pulse is
insufficient to remove all of the desired material from a particular location on the
workpiece. Multiple pulses are, therefore, directed to the workpiece to effect removal

of the desired material at each specified location. The processing time and hence
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pul ses generated by the invention disclosed herein
formvias in single layer or nultilayer workpi eces by
wWa@Roobngs2a7 | aser at | east two particul ar areas BPET/URE06/019780

wor kpi ece with sufficient energy to cause ablation. It
single pulse is insufficient to

the F@ﬁ%@é%ﬁglﬁ%ﬁ eesderidinan e rumberoeh pulpes deliverad to the
wor’kE%%b'f@F‘eQéh LA MR kipd res'\éﬂct)epcbg ea%r%rﬁ)iwfswg%%qj%%m

erefore, directed to e WOT KPIi
worpieche desired material at each specified |ocation,

00 essi,ng time and Pencet he system throughput is
[ penEE%?r rﬁB&ﬂ“Q’%@%ﬁﬁ WRIKPIgESR i) Hhin coppeishests Heolyimide
shewRy 6P LSE &n E@ctrﬁ%‘? %pHPc':ét 'S”En Btf?é?%@f[aggfg%g lé#l’ﬂ%? glyminum,

abl ati on threshol d e wor kpi ece
stead; aiyl theraypptasiics kior eeesral mduaw arid medampappldatiens, Preferred

- muiB R RSB i TGS R Ceslhoararta
sentldfm‘rdmltbraﬁtdr@drcuit%’adk@gér EFII% | NGRS E ‘én%@lny @Frﬁﬁkgila&/&r

applications. Preferre | ayer workp
workpigee £0-f Ananeieary dygaviba lncztudemllayetso% B6,@8, and 40. Layers 34

R A T
to, ailhmtnunm,atamb% (ﬂaeﬂ‘ns)ly%@enaﬁ nickel, 3 Hadim, L% ﬁLﬁn%nl\@?dtItamum,

are prefera metal |ayers that each inc
tungg @ Mgtglitgde, %ru@ cpBbingtian thgreas, Ngtahiayers 3¢appeﬁa

prefél‘abﬂr have YIEGIH4Es [ﬂﬁétkaerle 'b Eéﬁgwg} @:n?tghaé% EQ{S ngl 'but they

titanium tungsten, a neta n|t
maytbeethirmier thien @Ipmayeassth&;ik @2 gfh.pr ef erabl y have

i cknesses t hat e hetween about 9 mm and about 36
00290, IR B! A8 preleranly hrirdas e AtEncid Broanic dlettriaeaterial
7
suchy s BenzodRistuteie (BCRY Lism KL BING (B9, LifboBrd, a cyanate
estebeqmm@m @mJTQﬂOdJC(BﬁB)yImhie‘S melytenafiorethyrre@ ) a polymer

oo SR HEIRE E5AS b By L S by e
thanahétay Iay@fs 84 %ﬁﬂtBS‘ athe %réf@%@%mkﬁﬁ'g‘% iccdleletctnc layer 36 is

dielectric layer 36 is typical
betwiegpaabout 20410 ad. abous 46P4dnay blﬂatobrghnmld]elsestrmﬂayelgm ntay be

placift i &StddhaBiEa Mbkifer 8t Biedt SRobBmBe mmy be pl aced
[0030T aosrganie dieletinig |8 éﬂtafs:wegﬁﬁclaae%rﬁﬂ{ re?ﬁfo%c%n gomponent

: rlégQ R]@Organlc dlelectrlclayer 6 may 1 nclu
laye iierseAent capwanent laygeA040ay R@luda)ﬁbmrmatte or dispersed

de 1 ber mat
pars BT ANE, sduTIblAS i 5 o B 8Py een woven o
d|spersedtmt031rga)mcgiléiéstribh@yerfﬁﬁ/ ERERFSYCERERR cBMPdINeRElFRA 40 is
¢ égﬁnl C ﬂ}a electric |ayer 36. Reinforcenent
yplceli]}%wﬁ Inngy Hlareroagia %Ie@mq lpyeii86 andimag havaarthickness that
is beﬂqé{ﬁ?ﬂé@oﬂ' PLEFARA SHOGY RS urP §Q|ﬁe5'%r§>% atpT)'ré:clﬁQF Sthat
reinforcement material may also be introduced as a powder into organic dielectric
layer 36. Reinforcement component layer 40 including this powdery reinforcement
material may be noncontiguous and nonuniform.
[0031]  Skilled persons will appreciate that layers 34, 36, 38, and 40 may be
internally noncontiguous, nonuniform, and nonlevel. Stacks having several layers of
metal, organic dielectric, and reinforcement component materials may have a total
thickness that is greater than 2 mm. Although the arbitrary workpiece 20 shown as
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IS between about 1 nmm and about 10 nm Skilled persons
w || appreciate that reinforcenent nmaterial nmay al so
wheoosne2etuced as a powder into organi c di el ece€T/TS2006/019780
| ayer 36. Reinforcenment conponent |ayer 40 including
this powdery reinforcenent material may be ,
an exnmpietmgﬁjgut haecﬂlvecbauﬂnsftberpreéé}ﬁlaﬂv]/erﬁiori tadbpgractited on a

te th and 40 may be
workblesp NP Aok GERreLLES" RS YRS disHidac BRI Ut Sibstrate.
[0052]5lC kgid1avis @snﬁﬁ)ﬁﬁéé'sché%%ﬁ«% dMgraRi&f a PFHfQﬁBH %mbodlment of the

di‘el ectric, and reinforcenent conponent materials may
presentdnentismatomposkchekisva IhralcessmgriMre 150t drach52 diniven by a

sur B gL B4 SR B S E8aF MRy S5 SZRY Sy oo
of dhgurabecdi eethays lﬁcmrdg%)@@:ﬁrd}ﬂfhg%é‘ gtesm ﬁ%ﬂs BEAPRY

of |ayers, including a single er su stra [ 0032]
lllumingtloa spyreessiNAbPUMDeNasgY erﬁetthe aﬁegfgpanoembla( synchronizing

0 fEh 85 B BRI RN RESHERORLY o HETE kg BRRRE A ar
altesyatitiy fashioal Fwilagerd30 ahaB2XsrobilleCatithir Yfts 08égective
| asers 50 and 52 b one of a nunber of nethods

pm?%"lﬂip%%ﬁ?tw%ﬁgz?@@ eprapfiged gta l@fﬁjrwl%e train Tfae lasers 50
and 52 4rd Qﬁ%h@éﬁ 38 Lt'l'i&tecﬁetn'ﬂﬁhs%ﬁ'ﬁ@af@ﬁfagi%aﬁéﬁ éﬁf%ﬁ&? Zespectwe

pOSSi nchroni zi n I one
outp)uteprbm;g Béamo!SGSﬁndi 58&31ralslubstdmdamly parallet eLaserdseams 56 and

58 1315 PO DD B TS s P H s Bl Ging gmeter of it
mcn@é&ﬂha%e\rﬁ%ll‘efmglrllst’%ﬁtﬁ{%fé"ﬁo%ﬁsta'f fofr‘nntXThe | asers 50

and 52 are arrange t the intrinsic |linear
[003:3] aersemgdaaaresﬁ(band B2imay beeldVi laeeroah;jﬁttlaser a green

Iase][fr oc? %I%geg Hsama %%ngge?erﬁ%l%s%srfoam | ?}qsz%ga ulse energy that is
betw&dh BFBUHOD.H16R @hd abdut e@cﬁ Ae%nehea w\hereé@émgeraseF isa

its incident |aser beamwhile maintaining its focus at
Q-switehed Y DP&SBBIsepinstusting a@qhdsséate Igsaniraichzasiig: YAGaNd: YLF,

Na-RXp) 87 Bl vBd; B ol foika BE ieBiu, Gobul i gpoium.
Thetb¥itadet d?éfer@ﬁp provtes BafthoRitamn genbetdd U\)Ola%er but u’tS gt a

preferred UV processing |laser is a %swtched
wavplengih SHeh aa. raﬂs(fseqwee%&n@bowdrﬁ G lcASbarMNEreynency

quaaﬁ{pxéd:w ¥ b For %f:? %eng)( 'am}(/})cﬁﬁfl\)’q'j\/ﬁ@ggfed

[003#]ef eﬁzploéfyerrped@@@l esodmsmmaseﬂ isya palsed @@4lader bpseiting at a
e R T ————y
vl B35 €06 SR TS AW Bas W e R 9 Sy
marmffmrtatem!gy @bharevﬂ@E@ngﬂBlobnﬁletd/mmudmt BecawsedCO-, lasers
are unatlﬂe to eﬁre]alvely drm vng?s t% gug%omalﬁayers 34 and 38, multilayer
workpieces 20 drilled with CO, processing lasers either lack metal layers 34 and 38
or are prepared such that a target location has been pre-drilled with a UV laser or
pre-etched using another process such as, for example, chemical etching, to expose
dielectric layer 36.

[0035] Skilled persons will appreciate that other solid-state lasants or CO, lasers
operating at different wavelengths may be used in the laser system of the present

invention. Various types of laser cavity arrangement, harmonic generation of the

8



avai |l abl e pul sed CO2 | aser is the Mbdel Q3000

Qswtched laser (9.3 nm manufactured by
w@odvenent7 DECS of Bl oonfiel d, Connecticut. BeCPCHESIOEBR019780

| asers are unable to effectively drill vias through

nmetal layers 34 and 38, nultilayer workpieces 20
solidrstateddsev, (,hs@ﬁﬁh pperatinmi fngbbmsthe$odadtsi’uahe Iiaaerkamdathé CO: laser,

| ayers, 34 and r are uch that atar
PumBHS SEoRMeRs apddnts GommElipRaeds orhe iRalaser Sre wel known
to tR g\eglglﬁgr:@ A9 another process such as, for exanple,
em ca | ng, to expose dielectric |ayer 36.

[00{56D35].a$n 5(1) emn;sea pmsmnglbe@m b6 dhatt reflebistofba meirror/combiner

sql.i,d:-state | as or CO2 ser per at
64, GHioLEHe cansat Gy ASedy MBBle e Rocha s gndsybeerenty
enc®lintdts aﬁfr@ﬁ%aV@P%é 68N - ThéEfirsPUswWhYP pfate 66! 1§%%T to rotate by 90°
cavity arrangenent, harnonic generation of thesolid

the polarizatias @an&pfsthetlanld@ptelraaer beamd6. bblaé optieal paths of laser

e b o580 0 o R sEER bESF coRPRL 8 A E iracen o

trad@hﬂv\éutﬁﬂahmwlﬁckﬂ leb&ebédmE8epdstized W&ﬁ}stb@@% ah@ reflect

Erocessn ng beam 56 that reflects off .
subﬁiarrrtl@fly adehiaser beam Ghipslarizedtata %%@@doanglwwtag sptateds 90

rolafifB A6 W 158 a5, T BBlica| SO RAGSHR i G 84 Wt i ®
trarseﬂiltté@ beatrnb@ apy th8 réfiected beanzd6 combineatiefopi 4 bemblned coaxial

ident | aser peam 56. The tical paths of | ase
%ﬁﬂ‘%ﬁ"%ﬁ@ﬂ%“’&?’@'ya?'ﬂ%“ﬁa@@?ﬁ% Cheld B@laaz%aﬁﬁ f'rS’f angle and

r
e SO MSTr B By KA S Lt ot s
angle.r $he angit@nechtieart T@ propagiasing ritoinabegmacdmbinelr @ﬁepasses through

ot AT PRI R 2 AR Tor T Aase iAo aHEgan beam
profﬂéffnt%ré ﬁ?ﬂé@e%ﬁabl@%eérﬁ%réﬂlén?\'ﬁ' StRRIREAR dsiniMe beﬁm profile is

| ected beam 56 conb orm a conbi ned coaxl a
the b’@arhampmm mlalm prwdmes&@ntraﬂgehanﬁIImenatlen eféegptional beam

| ari d,th t of it
shaB 58 Zis8 st o Hend Rt cuPieh orBbid e g achieve
the E\pbﬁdpri&lﬁ@ b?bpeT‘h@s sQemEs %?ob@i’z‘énaﬁa dH=PRAYREH Rds bfcﬂ@bted onto the
beam conbi ner passes through optional beam shaping

workpieres Tm)se\ﬂkileﬁ in rtbfhgrtdmﬂqad&we@@gerzﬂ that gindlan srethads could be

usoB SR W 2o BT B EaMBERPERLEL D i

Corr@gpbndj|ﬁg|ywhbﬁd1p@w@yl des essentially even illum nation.
The optional beam shaping optics 72 al so serves as

[00$7ﬂag| e spmhired Rprrn/ @ isdheR direpteddeninaidenaende dseacrad /2 wave

B, U718 SRS HENA AR, 508%: 84 8 bRy ancs o

the comblrecBbéami 70 byahscuerges&gpwowm@atbéamwlmrsmmmy equal p
could be used to conbine nore than two | asers t

(vertigaly pad sierigeatabaplarizatigntgpmponents. The comblned and rotated
beam 71 is directed onto a Brewster polarizer beam splitter 78 with its polarization

axes set 45° relative to either of the polarization planes of combined and rotated
beam 71. In the absence of the second 2 wave plate 74, the beam splitter 78 would
- transmit substantially all of the portion of the combined and rotated beam 71 that
was polarized parallel to the beam splitter polarization axis and reflect substantially

all of the portion of the combined and rotated beam 71 that was polarized



correspondingly nore power. [0037] The conbi ned beam

70 is then directed for incidence on a second wave
w@b@ba25247 which as a result of being rotated bgT/RR2086/019780

rotates the polarization planes of the conbined beam

70 by 45 degrees providing a beamw th substantially

perﬁéh@bul@r (o 8id bsah)spiner polahgaticroatiel TThipwauldzeddemtially separate
onponents. The conbined and rotated beam7 1 is

the@onﬁnm%djabatr@taés@b@m & ingo ita cPpeitUBBEPREHI FPEieatinggaser beams
56 %ﬂﬁé ?ﬁ o e?‘ré Ak iyd Bfé‘?r%aﬁ@ﬁ ofe ﬁ1§|r%fda%rgj T'cﬁaféot E@ém 71 has

|2a Fon pPanes fDi ne rot at ed
beere@itatéd 14.5°J éadilhef thies@tiesgomially pelarzed rob Yo rvanie opthﬁ eombined

ancLycitaten Dager fris PAHICFARHTBI GO AHeAT Aefie SPaPYaS bBaysplitier
78. 1qu|§% ‘;’(ﬁé JRRbT ABn ﬂﬁ@tvl/c?k)oltaﬁzéa‘%oﬁﬁﬂmeﬁﬂé bt f&'combined and

polarization axis and ref substantially all of the
rotgied beam Bf, trémesmittiry aleoltaome-nalf af’él@ een andi reflegtingabout one-

naifig) e s N 4 el ihesp sepamted
bedrREBO R SN é&héﬁ@é& 8@@%& ﬂrohﬂb@thl |hSercserhs Beeitid 58 and

parts, recreating |aser beans 56 and 58. However
hersierftas a hulseolate eqaahtorthefsuabﬂfcﬁhﬁewl%mwtﬁ@péﬂwt%bﬁams The

s o BEBET A St Bl oL SRR o i e

angle f the PAVAV pldt@Tafrdrhefe ABhimardngle bﬁ??@el ed by the
eamsplitter 78. This has the effect of mx

[0088b pdhardonekined mperretated bpaiél eanisintienalynbe ﬂb\f'%‘iwto four

R R, R S ] P e

codé%lﬁ@d g@g\izﬁmf %@@@O%dd Efaehdlcbfavtdgfes @uwm@lqualtteahe sum of the
an IS conprise b

pulSR ratf ok BeamS S Ane HamAeB e 8oet &) BRADL. FesRARVELm This

dlv@ lon IE%CBHJT{P%SFI@& Bg Q& CBH'S) ARG inTHBa5REH ‘Hn@fenclosure and

epar at bearrs 80 and 82 can
repe@semécebyWammmlhngsumélgaﬂgl'Bwe)(:ombmedTand/\miatqdl I@aeemﬂl which
from.the nom na

s B @PHiR teéa %a}ﬁn? iy propoagRRITaM B oY B HEos divided
lntJ % fl}lJ cl;]@eg bedns g@opﬁé‘r‘i’al%%httélaglﬂ t®tresfié optional beams

out e-fourth of nbi ned power o
96 bad &8s Eﬂbmufcbé'ﬂlnaﬂﬁ me&gaa prdnsa@tedabsé vmﬁldmowrmtqqmques to

desiagipeatian s tpworstgies by DRI RFET oD oPia| o whbe plate
10?%@1‘?6%! %ﬂﬁt@r By4t BRq ‘6 gélerﬂfn%rq'@@% drlate Sfsthesk beﬂ@utput

éncl osur e and represe hantomlines in Fig.
bedrhs 86p&B; 8&carah@0.r dhatratio l@éaawer ayailgile o esch b@am can be set by

e Dok SR T2, 5 5P GRAEE: Shol O ThRs B n e

art g@ﬁf&geﬁlz@ﬂhbpﬂﬁé rr?é?ﬁd)d £8h betondd LRt Grefd hodiBbnHIgsdIRs of laser
and~98.. Each of beans 96 and 98 can be directed by

beams lasldesivadt echni ques to
[0039] Graph 110 in Fig. 3 illustrates the non-linear relationship between PRF in

kHz and pulse energy in pJ for a single laser. Curved line 112 represents the peak
pulse energy available as a function of PRF for a given laser. Those skilled in the art
will recognize that this relationship is typical for a wide range of laser types used for
micromachining applications. Straight line 114 represents the minimum peak pulse

energy, about 80 uJ, required for ablation of a particular workpiece. Lines 112 and
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desired | ocations on the workpiece by optional mrror

100, optional V wave plate 102, optional splitter 104,
wae@eap2ibnal mrror 106 to create a total of POIUS2006/019780

out put beans 80, 82, 88, and 90. The ratio of power

avai | abl e to each beam can be set by adjusting VT.

114natesptiadtespdiat 1 9@ thatndpid2nisthdanaxinhed R vweablEtosblate the
skilled in the art w.ll recognlzethﬁ bhis nmet hod can
workpieggisatRfded  which da this £3ae i abeyt Q?aﬁ( & ¢fa pyzlem Weks

cordB 6 PSR ok R oAy, AR Rput o o

systame mgyuld berhﬂmfemirtoatw site, éaﬂhehsem@abie&eld lait 62 k1-122

[00§Ghc  REAPB 2B i HisFoien tha SErOMARGE OLR Cebpseh system
con%ﬂ@c%tln‘@cbbrda?&@%tﬁ&é MCUSIBE YesEliBdd BRI pT‘V\ib lasers with

typical for a wde range of |aser types used f
PRIFnipuiamraeng|d'igram§rn$tmndemts:al & thaisghthawmia Eug43 are combined as

h
- snolilihiridner Gunad e JR2uf SEEEY2d Sopls i PedBte ety
relalléﬁsmbdiflﬁe 'cBhﬂ?J’ mbe@rh A 86hPplisdd 6f hlferhatifg PR fFom lasers 50

he maxi num PRFE usable to abl ate the workpiece
ands@ eStraightline dR4iin arapk 128 s8ows the saininsemigeak pylsg energy

o B PSSR D, S B PRRRN 2 f b chicer

sub@@ﬁtnéll?%qhaw bettvden MMJbéamE Sthegasik [il%élgnéfd)aﬁeeﬂuréﬂ is about
62 kHz. [0040] Graph 120 in Fig. 4 illustrates t

‘ q%hﬁd?é}?émlé%ﬁnargmﬁwwfh@)é straight dne dGddn IFL@:t%d)rl QJPOUt 160 pJ.
Lm‘?sg £55 dan Wb@?é SR bAIft Pﬁ@ﬁhéi?éﬁfésgﬁ% ﬂﬁ%rrﬁbg Tﬁ’i’é&gpbmed

SErs vvl I'se ‘ener aracteristics |
PRF cathdui 8y I&th;vusalbl‘e fd gblafe mleeseiexrtbd mn‘kplscethmause feif he non-

'meah@%\rfyﬂe@v%bne 1228#2%@9%353'@%3?%@3@8 @?}?ESSRE/ ?Wﬁ@mhe
62 llgflzf:H H&X/hr}gF&:bstgsatfl t%m'fgé ﬁ{esné@el?éldﬁ%s §tth€'I§§Er system

e m ni num peak’ pu
impkame@yedne@ucom:imbe veith tiectechriques distcssedondepirewould have a

masgidh Pyt (ERrog oSuahi WSS he AR R ar gy 1 of 87 kriz.
Siné&tHE ARSirhgmadtdatiort Vété andiferieake %%ﬁe‘?n @rﬂ@ ngMplﬁjthl@VM}fu%tlon of
straight line 104 in Fig. 3, or abodut Li nes

the PRF,antwa zger aystege@@n&ttucéecbm mcm@wamwfh i@ peseiptes disclosed

nore e RS PR P B S S e o YRR sfstructed wit

eachl]g]@@{o ThEn m@?badgﬁm en PRF and pul se energy, th| S
i's Fg;reatger an theyvgz kHz PRF shown in Fig

[00@ﬂ| at B @ secergrimplemarntation mgrefgrred@m%@@me@;smédaser pulses
gengI sc? s hgﬁré\fég]tﬁﬁcﬁgﬂg&%a\r}é?eﬁ awﬁséc? ?@@H?é'tﬁ]sﬁngulatlon or dicing of

maxi num s

a whfer o gbpstratedid muttiplevindepehdehieparts. abllﬁt:@rdmadn i EBEtronics
of 87 kHz. Since the nmaxi rum abl ati on rate and hence

marﬂq{@c@lylgggﬁ]cpﬁgtgg@tﬁﬁumpl%c%o|¢§J REajgenpgircuit or circuit element on a
single substrate. Preferred workpieces for semiconductor dicing include silicon

wafers, other silicon-based materials including silicon carbide and silicon nitride, and
compounds in the IlI-V and II-VI groups, such as gallium arsenide upon which
integrated circuits are constructed using photolithography techniques. A second
example is thick film circuitry, in which circuit elements or electronic devices are
screen printed on a substrate typically made of a sintered ceramic material. A third
example is thin film circuitry, in which conductors and passive circuit elements are
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the PRF, a two | aser system constructed in accordance
wWith the principles disclosed herein would have a

wao booeagizput of up to 140% of that of a system PCT/US2006/019780
constructed with each | aser operating i ndependently.
[0041] In a second inplenmentation of a preferred

appiiatiadian@stratd) mddassf] fpuhstascgensemicethdaytar material, ceramic or
i nvention di scl osed herein are used to effe

- other Mgtarals.dY FPULRTEGRY EPRT&dNerA &urﬁmséamafeewpmdobe display
tecﬁ?rﬁl&{;f ifi wfﬂ@?ﬂ?é“?l%@ﬁc ARAS ﬁsed to It faeIare L@D or eplasma displays

el ectT’oni cs manufacturing to construct multiple copres
candfe singuleged asinguhts technmlogyu Wisdtdhese applicatonsgllehave in

congine ity i desireicss TEEORY ks & Suppfiere Shits B Blilnte oirouits,
cwcﬁﬂeﬁrgéh% PSSty 'FQg@hé of e &%é?ia“ﬂé lrﬁﬂ%ebbht@%rts

and conpounds in the N - groups,
. [0042Fh Ehe@ivlantagesrm‘amp@engjﬁmmahnhcbn dtstc@@edthaiem to singulation

aro Supii 5308 “EnE8ERR T aBP8 it R ARRlying o or more

lasér8 t¥iihé& PréddssWah lﬁbt@é%@ttﬁe ﬂ’ﬁro@%;ﬁﬁ@tfémsl sysiem, @ﬁﬁ:e&hﬁltlple parallel
screen printed on a substrate typically nmade of

Ime§r auisrare typicaky teqwmedrtpamgu&atprmpat fhsiigtes. L:}smu the invention

cosk TP b P S 1 ANt e o

smdtﬂétl@mﬁik@n@@dnmm eigicfumdticn of tiehembal of pelsesiat energies greater
' her materjal s, sputtering or evaporation. A
tham &ﬁ‘ ﬁh'aéls?aﬁ)ﬂ'leéh@kﬁﬂ)‘%l'%@%f%’;ﬂ undctinel ogy, in which

10048E, PERE! 5%, 65, B0 b G A5 o P eppoer o
pulsdsedalmp@di fccraetaohnmmthmeibayvaedual lasemeysters ddmstrdetdd with o
noGhatre el it il oo s corARyHrERUA G frumenton

dls&?@@d ?,te@n_l nto separate parts. [0042] The advant ages
Ing the invention disclosed herein to

of a [
[0044hgﬂ%azplmr1 3are Fig.rbA alnowsthm&elaﬁbfmhﬂmgewlemspulsbmergy and
ove for via drillin Appl ying two or, nore sers t
PRETS 1 BLw0 Snber repRitiary e i st SR tEmapaFlsed fio
indSpeHRnMEddr b pRteal hRb 1bdRAE il vorkSieby Bt ﬂ% éé(me time.
required to si ngul ate nost substrates. Using t

Graiphvil shewsl aqulsetrdinntidieachigulse hd4 daviagta Qulse energy e,

realf IR fese Cor SRR R g P CuaFiokefio ong werlgiece

IntePETRISB sHovditheetimatbetnesyt b@ﬁc@hﬁp&l@és Hi3anwhivh lahhétre&iﬁrocal of
t hreshol d delivered for each unit tine. [0043 Fig

PREASIBE it spRpresenisia i lagee sysiem, éhl@@w@rwaemg@ssn@vo locations
on %Wﬁrwg‘ggrm ffcRul ses delivered for each unit tinme by a

aser syst &m constructed with i ndependent |asers

[0045] aGHuph 14838 Fig BB shows thsd Ccombmédammn (TiOrlgDmpns;ettEof a pulse
i nvent.i on disclosed herein. [0044] G a 130

traimA43h e RWeS fiaiMhi42 ifsmrﬁpﬁ\%@%éﬁpwmpwﬁeﬁ éﬁmefﬁ%l% laser 50

and dashed line pulses 146 from laser 52 after having been combined by beam
combiner 68. The peak energy eq of each pulse 144, 146 is equal to more than twice
the peak energy ey of each pulse 134 of a beam delivered by a similar laser at the
PRF illustrated in Fig. 5A, while the intervals 148 between adjacent pulses 144 from
laser 50 and between adjacent pulses 146 from laser 52 are each less than twice the
interval 138. This is a consequence of the non-linear relationship between pulse
energy and PREF illustrated in Figs. 3 and 4.
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PRF for one of two simlar exenplary lasers in a prior
art systemthat uses two i ndependent |asers to process
WO awel1zR2at i ons on a wor kpi ece at the sanme ti mePCTAUSN6/019780
130 shows a pulse train 132, each pulse 134 having a
pul se energy e0, requiring time tO to conplete
[0046)pcesaph 180 ia FigrdC shbas the cesulbof dinidingypulkeitede 142 with

ood L A AR el B S EERln B S v 12,
cor?@@écfo%ﬂé&ioal ifeBuIs&S ‘?511( $6%h RiBer B %&g%r%[aolgzég?mgg gﬁ% from

ocatl ons on a wor prece I n tine
lasanBP.i mheippakshestpes of the dividisdiehnhd &6hiF @qualiprthe gbakfenergy eg

of £l Bebi 2 a8 m FIS PR 8 P Ee eSS TE e nan e
intePH IS intd@al 138N TAS $RP dyAthesizeBaM A wb e8sbrasEmhd R thdtefore,
beam conbi ner  68. The peak energy ei of each

’ ul se
gregter tham ¢ BREuela4ithes of bre laseanworkiog indepansigiliyn ditgg the

iyl pERSe A et cBlydreP AT R FEE Pl £ Pl Tess nar
timeé 1. eSinebIwdiflisetrapen 52 RCEsve Bl BethelMdrkbled® byagrr divided
50 and between adj acent pul ses 146 from |l aser 52 are

laserdeerme £§ anthal tiip devariienidassribad hessin cairrorgssitwo locations in
oo BTRSRURIEE, lich Al B S BFRGy 3B RS N BE R BRnenty

energy an
[0047] 00&&]lleGr mrbodS Wil apdregiatsd thet hovdifferent s@gid br edultilayer

i vidin ulse train 142 with beamsplitter 78 to form
WOf%WC&a@%ﬁﬁq%dr@‘,d%w&nbm%ﬁl%ﬁ, YalyggdaperaRargaialers, s4eh as pulse

o CAEPENPSY 8 RS Syl B bsed Sty s gtnad

differeat gyoc@ssing steges 0 effectmdimal 32saraniequrabchininghthrguegiput and

quefiic. Bhecr dout Se PRIt 5 840 4t tien ftal fng U's. Phent
No. 61467388l SDUMGIt ¥ Bafh ofiicRBre Bx81ghealtE ek LEOBhEYRY the

| aser beans is, "therefore, greater than the PRF
pres¢ntatent applisatias.ed soseskillag in tiuepavdik atdoyappreaiate tHat the

opEld BArAMAREF oBindle A dnPEUGH &5t BolydF genesoy distribution
profileDafdIspet sizal den B Xept Cotiabhver Sthrigedt iGNV RCRag¥s of laser
the divided | aser beans 56 and 58, the invention

progessig-bed herein can process two | ocations in |ess

o0 A B ALl b B3 mey e
made [y # aétails bathd ssov-désuriveld erbadiienents tHis irdieption without
wor kpi eces conposed of different materials, varyi

{ J ng . . ,
depaging frgg}tgmﬁeq lyinguiincilep tiheyeof. e pae iseppp of Hiepresent invention
I Lenfil e

shofREReRTS. B RRmiy BRI BRolokfe ABMeCs (o
effect optimal |aser m cromachining throughput and
quality. See, e.g., U S. Patent No. 5,841 ,099 of Owen
et al. and U. S. Patent
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No. 6,407,363 of Dunsky et al., both of which are
assigned to the assignee of the present patent

wappbilzxtT on. Those skilled in the art w Il al BOT/US2006/019780
appreci ate that the operational paraneters of the
heating source, such as its power, energy distribution
profile, and spot size, carClaankept constant or

cha d dyring variqus _stages of |aser pr.ocessing. )

[ 0olaf MEMR i RSBIUGUS it 416 ser88 abe e lager BbAmsnd using
e G Bt ons B il 4t iR et and
seoantaiget deqiarial lngatlorsmcomprisinger | yi ng pri nci pl es

thereof,. The scope .of the present inventiqn should, .
~ tnat'aYsing ARt et s Rt & S FRPeoR Sthafighcy & series of

outliputBescRaRLkized BTESWIpIe RINRAYIES Bt ddcséagdith increasing
second_processing | aser beans and using themto
pulge rrpatitientfragugnaysr api dly process target material at

CoSRPYINER Khaha B SRR B LT B by HBERbhAPS seres of
outpull eseepltiacterizetinsopeiicyulse sektgiss tatUdcpsdsePWitE @%creasing
characteri zed by peak pul se energies that decrease

~ Pulsg tepstitendrequshChul se repetition frequency; providing
o _ : | L _
fr a6, 2 B5FbicRRasEbiputin HnRH 1R AR dsdhrng frst and
secpadHiagers aee Gﬂeﬂgé@,thmbodﬂ:aﬁ&eembuﬁpui %eﬂagﬂgl@ a processing
| se repetition frequency: form a conbi ne aser
PUIRE,FSRGHTIOR TiaqEiencY Ratailohed bpavalieshy otthe rulse terghiion
fredtRFBRA draAgiseries Bt ?Gfg%:t) PERESYT the firdt AR RBnkAa&drs;

out put operati ng ocessl ng pul se repetition
f r sgplitimgythe soatiinad Edeb putpuitimedirst arfd séeomulpoeessing laser
i es, of the series .of O

vedg ot il Sk SEdnanealerTeprrainy Ay usinsTigacterizec
by pekeproeds$iHe dufgeoeﬁér@ﬁa_ts; and second processing | aser

beans that I'nclude series of conmbined |aser processing
outdvigctipg tke§rst Bad secend psocessinelasepbeams Sonigcisldnce on

resRANE B At Sedieldd ol oalinBE o ity omove target
materiabrotte e R Pehir besdesBMESISE eheffés 8Nthd Sombined laser
concurrently renove target material Tromthem the

| ProgRESINGPUBES BLiRgs peincegwatedhnas the perk potasenrrgiasaadievable by
tho BERERRNB01304% B ARLPRRBSR) §ink WPelbfpBilte epetiion

frequaney,shembyadniaiiing setutiodaftd yeak pidtespingqrise Ggev@?vl thet is
pe%i tion frequency, thereby enabling selection of a

effeé@\éq( Praoes grpq{%n@mrggeseﬂ@g ngtqqg@es;sgng rate greater than that which is
realizable from independent operation of the first and second lasers.

2. The method of claim 1, in which the pulse repetition frequencies of the
series of output pulses of the first and second lasers are substantially the same.

3. The method of claim 2, in which the output pulses of each of the first and
second processing laser beams are formed in a series of alternating output pulses of
the first and second lasers.

4. The method of claim 1, in which the processing of target material includes
removal of target material from the first and second target material locations.

5. The method of claim 1, in which the pulse repetition frequencies of the

series of output pulses of the first and second lasers are substantially the same, and
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effective for target material processing at a
processing rate greater than that which is realizable

wo e@aii2n2dependent operation of the first and sPCDO82006/019780
| asers. 2. The method of claim11, in which the pul se
repetition frequencies of the series of output pulses

in vdfich tree ﬁﬂersbaamgjoéﬂ;mmwiamdsss anctu dasheramingatheyséres of the

sane. 3. e hod of c in which the
outfi Rusds of e HELAT necord Bethn & Bubtrrpniriestidifionship to
syntiissre eI 6f tﬁefp?bﬂ@éjsmg‘ PQIS%%b@ﬁtldH fréhlﬁ&fdifat‘h'af‘ - greater than
out put pul ses of the first and second | asers.
the m@l!&&)@p@fflﬂ@m flequency of eithertorehel thesetissiof @utﬁuttmjl?gﬁ of the first
erbql incl udes renoval of target material fromthe
F A3®Second target material |ocations. 5. The

meteh ovh@fméthau If tlanmm ity ddipisthg SplitiRgtthé lc@Pnblned laser
requenci es of the series of out put pul ses of th

outwtrlato tird anstlonah laserrkeaims thaihrglude saries of ﬁ@m@mﬁ laser

oy MO 1 PRESLERRAT Bk D Y S Fgio:an

t helifdctiag twdumbamfbdrﬂs@ro@essm |pdEr RS fdraséidence on
rel ati onship to synthesize a value of the processing

resprttye thisdandifoyrh ﬁarg@u arigrialiagationsdp canerIrerty remeve target
a@Hkp ool S Bebf PRUSREN DSk gl B0 fle LiRoAEH B

pro&éﬁslmgaﬁgtmﬂ pﬂ:srelsajamggréaiert tmen thﬁmak?,:iuré}g?c spdarig%ési achievable by
he combi ned | aser out into thi a our t

the 58] A0 FRAONT e TR ReLntTL NGB SBAE A Gaeh %sm@lweﬁgnto two
beaftd %e%é%s@@ﬁh%tr%bbﬁﬁéh R¥q %%;/ gﬁ?‘}‘%ﬁﬁ%n@\ﬁh%‘ s&Rction of a

, energies; and recting the thir
peabrmoe@sﬁlm@ pllseesnargw thatfis effecibiedien targehmadeis qiroeessing at a

d d f terial_| ti
profeisut PRergaRE At eL R (reeaizatic FoghiReandepioperation of
the ﬂﬁsabnarg&%ﬁauager@téa%ﬁ tﬁé‘h‘?g’g diviiecPihtd o BeaRisned | aser
proceSS|ng out put | ses being greater than the peak

pul/sel kg araihed Ofaélﬁlir@\ﬂam whigh lseremqvgt okihg teegrimdaterial from the

ol n ach being divided

frsti RS el ok BR8P Bl A MefEe s epet 11 on
f r SQUENE ynethd® bEBIrg TN Whithstkalé®areih et of blind vias.
processi ng pul se energy that is effective for target
mat eri al processing at a processing rate greater than
that which is realizable fromindependent operation of
the first and second | asers each being divided into
two beans. 7. The nmethod of claim1, in which the
renmoval of the target material fromthe first and
second target |ocations forns holes in them 8 . The
met hod of claim7, in which the holes are in the form
of blind vias.
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