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Technical Field [0001] The invention relates to |aser
waonor/osveeshi ni ng and, in particular, to | aser PCT/US2007/069398
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driving off the binders and fusing or sintering the microparticles together into an extremely
strong, durable, high-temperature substrate.

{0005} U.S. Pat. Nos. 5,593,606 and 5,841,099 of Owen et al. describe techniques and
advantages for employing Q-switched UV laser systems to generate laser oufput pulses
within advantageous parameters to form through-hole or blind vias through at least two types
of layers in multilayer devices, including FR4. These patents discuss these devices and the
lasers and parameters for machining them. These parameters generally include nonexcimer
output pulses having temporal pulsewidths of shorter than 100 nanoseconds (ns), spot areas

with spot diameters of less than 100 microns (um), and average intensities or irradiances of
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I nvention [0011] An object of the present invention
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{0013] Some preferred embodiments concern the machining of green ceramics, solder

pad cleaning, or removal of photoresist material.

[0014] In some exemplary embodiments, the number of pulses employed to clean an
underlying pad is significantly reduced, and in most preferred cases only one pulse is
employed for cleaning.

[0015] In some embodiments, the laser output is generated by an oscillator module in
cooperation with an amplification module. In some preferred embodiments, the oscillator

module comprises a diode-pumped, solid-state (DPSS) master oscillator. In some preferred



underlying pad is significantly reduced, and in nost
preferred cases only one pulse is enployed for
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I's generated by an oscillator nodule in cooperation, .
emppdiments, Ginebsitatenmiodule spmgrises amﬁﬂ%ﬁ%mb?@é&écﬁ?féaw emitting
. embodi S, Lk r '
p1ca|scg§12<!_i g‘aﬁ% én tsélgvle ?I?il?)ls)%la Eé]f%( %g%%ﬂlﬁopﬂl%ﬁﬂe%gﬁlplﬁses a puisleg fiber

e mast er osci at or.

maSeRRBsciiiedre N eslaabadérmeindmshodithentgsiod pulsidditbempahgter oscillator
conprises a pul sed sem condyctor .| aser emnitdti Lo

copPEBS At PRSP BAR A he e e B e TPl e o

selﬁﬁgm&tcﬁ‘?%lﬂbﬁﬁ@gbﬁ%rﬂgbﬁ 2850 (SPSH MBSHBbme SRt Rk s, tHeblass fiber

sone preferred odiments, the pul sed fiber naster
massc bsdilkttarcopgmises & mse-aartli-defedplmpeslicy Gbaes- dhe rHegapedopants
| ass fi ber st.er..osci || ajor. e oying a
Prede lé(&ﬁal?gf%&gsg&%’{% rebya rsé%ion “mirror (SESAM. In
0GB emRefic ROt Sed LRBodthRsS, the RRpIiTBAIRMEdLd bdrprdes a single-

cofmprises a rare-earth-doped, fused silica fiber. The i
passameltgrss, br thgpanieievopp RS pmblifjere dirprme emieriimepts, e gmplification

Pr., Tm,. A 6 R SORm. f . .
i B TP ¥4 RPN OTR L8 SrBa ain .
In S6:AELBBaGERentiLiht ap@disicatin medenesmprisee a DRSSaahqplbpdd gass fiber
In sone_enbodi nents, the anplification dul .
PoBSHBRPEES A SNG® GV ey i 45 ORI A5 e paee amplifier
COlglr riP%js]ia rm%agﬁ'-c%g)gg B AR FBATR R BRPABN U Bhe rtaﬁeedarth dopants are

I'’cation ['e conprises a rare-earth-dope
prefeasy deldoed fpomdid, ¥bpHbf EreDy, Pn Tsored €ébodi nents, the

rare- earth-dope | ass fiber. po lifier : _
(OQBpr i o saielsd FPROWBISER: Fireeh LB [z it bpipe e or more
oABP L lpn TURGAELADELS: GRAGLS o PuEuBiigts
[0pT8)17] Inl sonsomebeeiieemph.dhy lasersmitivreemprises mug Bple Uviepergisptly

. havi > . .
o 4 A SR B TR0 AT D AP0 B

mé8@d8] In sone enbodi ments, the |aser output coﬁpri ses
mul tiple independently triggered pulses or bursts of
[0p18]s es Additwotlathidctomdzdsantages of Hierpresent aentiongillthgapparent from

E ilohing et RGP R LR RO R R Becds wit

; BA \ [ {i51e ! 822

OB RS Sy PGk LY G hiGFe s
arexsemplay yiawraliari | 11 ng.

[0021]  FIG. 2 is a graphical representation of 3N versus F/r for different values of the
parameter L.

[0022] FIGS. 3A and 3B are optical micrographs that show cross sections of vias drilled
in woven reinforced resin that exhibit respective small and large heat-affected zones.

[0023] FIGS. 4A and 4B are optical micrographs showing the results of processes to
remove solder mask from pads that are approximately the same size as the laser beam being

used to remove the solder mask.
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conladh A it SRR RS e 82 b EEIBRT GPPRA o Bkl Fgmum, nickel,
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be positioned on the tOE or bottom surfaces of the

Comnentipiabiistal yerse alaipahisknesy. typinelhi betwear 5 exaiplm, (where 7.8 x 107
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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 thereof. Conventional organic dielectric
layers vary considerably in thickness, but are typically much thicker than the conductive
layers. An exemplary thickness range for the organic dielectric layers is about 30 to 400 um.
[0030] The dielectric layer may also contain a standard reinforcement component that

may be fiber matte or dispersed particles of, for example, aramid fibers, ceramics, or glass
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applications and the solid-state UV laser sources being used, the cleaning number 8N of

pulses for bottom pad cleaning can be significantly different as 8N;, 8N», 8N, etc. For some
applications, the ratio of 8N to Ny can be more than 1, meaning that more time is spent

cleaning the bottom pad than for bulk material removal. So it is desirable to reduce 8N in
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wosnf/amesscl eani ng nunber dN of pul ses used f orpdIOU$200M/069398
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the process. The fluence, int/cm, is calculated as P

- mp D2 4 where Ep is the puylse energy in J and Dis

the beam spot dianeter_in cm Applicants have found
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O b eétn@?fbn r QTETE FI1 5 which is afunction of @
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0037 L-(6N - 1~——- &
[0037] ( ) c \Frde j

where C; and C, are coefficients related to metal (pad) properties (such as optical, thermal,

3.

and/or mechanical properties)and where Ty, and Ty are the melting temperature and the initial

temperature of metal pad.
{0038] FIG. 2 is a graphical representation of 8N versus F/ Jr for different values of the
parameter L for an exemplary via drilling punching process using an imaged UV beam. FIG.

2 shows that when the term F/</r is large enough, SN can be minimized to 1.



F! t , and L can be expressed as [0036] L -L(J ,t ) -
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abladdl blidranerisict hechl nkeltimd @1d \aborigniov atmporgtuRad SpEeadilRthe
epbadi nents present ed
vaporization temperatures of the woven glass reinforcement and the polymer resin matrix
differ greatly. Pure silicon dioxide has melting and vaporization temperatures of 1,970
Kelvin (K) and 2,503 K, respectively, while typical organic resins such as epoxies vaporize at
much lower temperatures, on the order of 500 to 700 K. This disparity makes it difficult to
laser-ablate the glass component while avoiding ablation of too much of the resin
surrounding individual glass fibers or in regions directly adjacent to fiber bundles.

[0042] Most FR4 glass cloth is also woven from bundles or “yamns™ of individual glass

filaments. Filaments are typically 4 to 7 um in diameter, and yarns range from about 50 ym
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FI'G 3A and have less fiber protrusion on the sidewall

are gfsotapplicable toTithes agpiidaions efoudterid éerészrféc&ué@ agemnachining of green
corfples it B BBl nd YL 85, ROF L QUG RoLgs 10 Lhis

et er] a n_ e osécond %kf Iﬁ ime. The
[oo4epr eiifa@& rﬁdldh@ﬁn@ ERbA U@hﬂ&s%ﬁésbﬂoh@ﬁn&k ﬁmﬂar to those for processing
FR4 due to the differences in the thermal properties of the organic binders and the ceramic
microparticles. The disparity between the vaporization temperature of the binder (again, on

the order of 500 K) and the ceramic (3,800 K for Al,O3) influences the way material is
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[6050] FIGS. 4A and 4B are optical micrographs showing the results of processes to
remove solder mask from pads that are approximately the same size as the laser beam being
used to remove the solder mask. Solder mask is typically removed through time-consuming
lithographic processes that may suffer from alignment constraints or through chemical

etching processes, and can be difficult to process with typical solid-state laser techniques.
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dl{)(%—pl}ﬂ}.pecei mas?er os&ilator to emit oscillator output pulses having a pulsewidth that is
shorter than about 1,000 ps, preferably shorter than about 500 ps, and more preferably shorter
than 100 ps, at a wavelength shorter than about 400 nanometers (nm), such as 266 nm, 351
nm, or 355 nm or other conventionally available solid-state or fiber laser UV harmonic

wavelengths. The oscillator output pulses are directed into the amplification module 16. The
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the essHaemmpeduiohbmayhempres 4 pulsadriitepmabter agillator. An exemplary pulsed
fiber master oscillator may be a diode-pumped, Nd-doped or Yb-doped silica fiber master

oscillator employing a SESAM. Skilled persons will appreciate that other rare-earth-doped
fibers may alternatively be employed and that other mode-locking elements may alternatively

be employed.
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stagg 3 yba soeo (%aggerrp e% ﬂ“%{gloam%qg] %40%11@%%3:6 ?ﬁﬁéagg ?éﬂl 80 through
anyﬂ ARhd Bét%en ﬂhﬂ 1aset su@@ﬁﬁehﬁ N4 axé el fas poﬁﬂbﬂ)&jliﬁﬁewh],chtmposmoned
nplification nodule 16 may be a di ode-p

aloma ﬂa%mrazagpath 26 bt POWICBAPITRY i (F exagmqua*cpi%ﬁsa figsolution
im lrhot@&p[)&ézﬁ)%gr Wa.rx&‘h@tgf h128:8, ﬁﬁ%&nﬁ?ﬂﬁﬂo&' Q{ﬁf/@f eﬁ@ﬂsto -optic
e “enpl oye

ternative for the anmpl 1 fication nmodul e
ste&ﬁng Skhhiljech thaream Bﬁewdn[qua@p nqmtiatf@pmbfa;smgwpenagons based on

STRLALS 2 TS Bl S hop e B e st
coRirb 11BN Sfelt i KR pAR¥NRE 0B @NEMd to move together in response to panelized

or unpanelized data.

[0062] The fast positioner 50 may also include or be associated with a vision system that
can be aligned to one or more fiducials on the surface of the workpiece 52. The beam-
positioning system 30 can employ conventional vision or beam-to-work alignment systems
that work through a shared 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
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[0060] Wth reference to FIG 6, the l|aser output 20a
is optionally passed through a variety of well-known
wo00an@ilesn and/ or col limation optics 42, propagareson7/069398

ST R ——
Indu@iHeB Uhc RMIreedaml, @?eg@ﬂ @erﬁiﬁ%yé’@t@ S’eﬁ%ﬁﬁ ali @Gk b@@&%‘eﬁ kiRNaser

34 on a morkplece 2 such as a exenpl ary
subsystam fozidttho gy pggk@@@r%:%t&l thayvov:lﬂnmcﬁé é)thfrresngaldt: abgnment

syt ERE SRRk, PR RGP mpippcbrien

ﬁeIdXon—\éxmaHﬁhﬁfatl&l @@ﬁicﬁla@l@lfﬁgsp%bmﬁ@f se{étidNeofkpledtd mﬂh a€ Kapped or
ment between t he target positions 34 on the sa

poh%l.ed mafqrér@ﬁﬁaakoﬁql%ilb’é@gatw orfaguginatian gh dekelinhd dhynmatmn and
p
bng l?(? Hi@ﬁ?aﬁg@@ﬁn E?ﬁiﬁb\%&écﬁ Wn%ﬂgi?)gggl§ :?%iuﬁ rb?%lt}gﬁ system 30 may
also ra’m;w DyAbbegarr-contais sbwengsuchit thatdéescsbidda mltesuiam @7.S. Pat. No.
kp ece 52, nXxs e .38, typical
6:43gbear Eﬁ#ﬂwﬁ et SPEiogp aﬂgﬁiﬂa.ar%fl%%n IGopRIHIed Bpigference.
0067PV eSVRRATARADKS | bpﬂ% BarR Bblﬁé?ﬁg G 3@ at@3 b known jos skilled
positioner 50 and associ at ed using I ens(es) and/or

practtipnears, @pti sarse eifbhedibedisnd s manbpdesigenng dysted Hi agele8Bibed in

detaf LT Gl A o1 P8 ChEr QA R bk o 2304 i 3290

micrbh‘fa@hiﬁﬁlg%%ﬁeﬁﬂé LRS1BRIMRS EI4AS Jcan@ific IMRSHRt am If F%P&’and
the fast positioner 50, which is p03|t|oned along t

Oreggtare axerpplety ipplenpntativas of he Sramnoneitiosoe mesysm Bor Other exempiary
Iut on ~l-i_ heai or s, .Qne
B e R

manafidiuasd BRCBlest o Soipitific Bidearitddnd @CPGﬂti@,h&ﬁ?{)rbgtﬁ{ ca®allso be employed.
ef fect .unique Qr repetitive processing operations
’(f-‘a’fé‘élfddﬂ the By Ebisco@dte Bt e BpYUhonag aystephgambepigenmmed to

ut;h?c; 34 113@1 and: 38 %ﬁ%ﬁ%%@g 63%§1 i0RG bl'ghgﬂe%ﬁs %igﬁp @%‘?ﬁiﬂ% output

cont d and no ent y “or  coor di nat
pulsMBeiotmg@.tCh @rwida varggp oﬁmﬁllmepanﬂéhg pemzbrxmr wiiganey be either

t 062 osSi ner al ncl ude
peridse Bandigeiatia: ORI PHIT L 1 SySecit (Ra DA RO Seering
tcchﬁhh&ﬂﬁ‘i’cl&ééd@z@ €.9PaflNE 7@19@9@'@ 88uda8n ssthbR&EoPHvith ke

i ece 52. The beanp03|t|on|ng system 30 can enpl oy
SubS@bmcgm tlenfast peisigioner rand e thea bﬁampfbsltamuyﬂmwm Hyst ens

0062 JRLA LU0, SIS, LS el sqon s

optidal @Mheh@ tﬁﬂﬁldlel}ﬁﬂcm&@%t hrk QBETiMited b, ADARIPQAVER M, opfils 56,
vi sion box enpl ngEFreedon1L|brary software in a

OPLgNEh ARSI OBHE PletntRoalsislagedgpiis eraduls &g ivdihi hinebe
emplﬁgfgtg\?ot Edn%%i therl)%t u?% '}E; o gnd‘%ﬁ%p t% §ga?rr1] g'r %isles 33'1183{ sg %ug%f:s received

ormalig ween

at tht e gétan @&J‘rk;ma&d durfacs Bdnonid keveeiokpt@arudlemflolil conventional
sui tabl e alignment systens are commercially avall abl e.

nonIRKaRGABISEIOPACH %%@ﬂnvg@ acamman/Uadeaial Brvelspgth ép  sccond,

third, fourth, or fifth harmonic wavelength are well known to skilled practitioners.

f0065] With reference to FIG. 7, the optional imaged optics module 62 may include an
optical element 64, a lens 66, and an aperture mask 68 placed at or near the beam waist
created by the optical element 64 to block any undesirable side lobes and peripheral portions

of the beam so that a precisely shaped spot profile is subsequently imaged onto the work
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on-axis illumnation, particularly for specularly

refl ecting workpi eces such as | apped or polished
wombei@iesbut dark-field illumnation or a commBaTAUS2007/069398

of dark-field illumnation and bright-field
surfgqe] JRaR g{(@x@pﬂa@y@nﬁg@xg%; @9 eptical pleggdt ¢4 68, difftgetive device or lens,

[

and BRGSO BB I IR, A BBy G2 taser system
10. detail in U S Pat. No. 6,430,465 of Cutler, the

I ch h ted
[OOdBZf :y‘z%@%otil%l@gg}% %ﬁﬁg)er\t}gﬁ ﬂ%%ﬁ?@hzﬂ%rgpéfggg 5 tgé gpt?cal e%el:ment 64

I ‘
can g(rﬁgl?tl P%Séoﬁg ?@rﬂ%ﬁ? Xg%ﬁgbéﬁ%@%@ té!‘ﬁ]loldu}g]é)y}%e:e LRt éh%%er—edged
intelretaprpds ithdt ohould eslystetine 30 gmnentdze&tmayb dd additidetaith thin

U S. Pat. No. 751, 585 of, Cutler . The ES] Mode
arrasiagien At Af (o SRUEHF fihee Byebdneng 5§ iSSPl o
rectdHo@lk f iR B bfhbﬁndd&ﬁtb@lbf iRPes thikCoan Bk aP?ﬂédl @Rt or

Oregon are exen‘pl ary i enment ati ons of
perpBedinvipolsi a usimagresyien. e{irbp@@eﬁ@mmasléﬁem}f aptjonally be flared

ounf99L 4 JULDR-SYBIEMRe BUSIV PReBSRLREN R AR IR st ip the

imagddesticomSaule mﬂlﬁreﬁrabmﬁris%sapbm@e Sl&li&l)}[)drécﬁ@ Gvill appreciate that
Oregon can_al so be enpl oyed. Those skKi IIed in the art

the %@ﬁm@rr@@é}gﬁﬁ.%@ be piged Wﬁ?@a%&q qnﬂéﬁh q%@n@q; a@fl Ehgriepebo.
[0063; 0g rﬁ%@tehﬁn% 'eﬁab&ﬁm%giz g@éalf' efeln S??ﬁﬁ@{ud& cI)Ae Or more | beam-

osition aser sy
shapnyg qailm;)th’s ehat danttent Ipseo gulses E&WVMgCEEra\AaGa&EMn Qﬁ*adﬂ@ﬁzfe whofile into

shan ey o 87 P B Fsde et Sesvamipim - iopdt AppF ey ussaily o
%upe@&@\éugﬁ%mrfc'd‘d%% Blg)f i€ %hﬁllong%%’ @ tﬁ% Iaﬁéﬁﬁje fnﬁs%fdova?sttream of the

891 can be used 1 n co atron wt
Optlfsﬂl b@menu% dStabrbepmeshbpisy cpppondntaeny 50lwndsmerit betics or
beam QSi t] oni n The .l aser out

TR R 3 FHERFEAT Ipb B RO BB i TG Pt Rerul fo

contﬁcﬂﬁﬂ,@ﬂédn@ﬁ@é alﬁy@& 1@3@ ISkeledPeROBOEI hipRbciAB Yhat RSIngREmaging
but are not limted to, nonlinear conversion optics

lens 5@mpepsnt ohailtide leat eorperspisicosldd®, cnameyedr SSptedmarsons will also

R A

apertienlagis 68. pul ses received at the target or workpiece
6ggrface Har moni ¢ conversi on techni ques_enpl oyi ng
[0068% nv Rtams SR rfBa Peash PRARIE OMRoPERts @césietadh%ﬁt;@ gptic

B L BN B0 SRS s
The bkam-lshapmg emhpdnem'sems onlf %ﬁﬁbrtﬂ\ﬂtd‘(}m&ﬁlﬁn @ekarico phdfl to a near-

../, 1he. optio ed optics du 62 may i nclude an
uni 554 [rERfanEY Bt b@ﬁg& AR frug e & PHIBHIAP P dFETTHIRERI 68
specicCHH: @he. OAINRARN o shfgl@@i@ﬁ‘eﬁ‘ﬁb@ﬁ i %@érﬁé&b%llég‘ﬁersom will

optical elenment 64 to block any un esira | obes
apprgmdtc@h&nt}pfhgﬁ)&:] mpoimcludn snwdtipie hepapgamiesentsisath #s the phase plate, and

B A T G N T (-

tech@ihéCl d&fi@RNDOAA hstha pdigohd aChdaMestd S C ThOEhdp@i}Sand imaging
techniques discussed above are described in detail in U.S. Pat. No. 6,433,301, the relevant

portions of which are herein incorporated by reference.
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and the lens 66 is a collimating Il ens to add
flexibility to the configuration of the |aser system
wdaliho7/j0086] Varying the size of the aperture trRCTMES2067/069398
the properties of the optical elenent 64 can contr ol
[006%]e eddeses bawpnessrobfnotitie 78 m@ty Hereadplbediio apiiediias:r dulse power

i ze-speci fied, sharper-ed ntensity profile that
COﬂ%P#cz}m EnenaiationEep YA tnga %Wagviteﬁi > Atfdr PPk, modulation or
exté%ati PhdddlBioR (S RAAS NWBMlan &kltenad Iﬁ@@xepc%ertcglgtr@lﬁe? &b Uh&uSAR, but not

precisely circular or can be change
hmm@dﬁah@msmr E@Misioptiotalzed ppladziten mtation optidsgosisioagbaong the
endi cul.ar t

opt]Foitia a7 eBrieBREO fEr e P aflidheeRS Bty Somfusion govices

54, Behfak pheddiddbNaia b @kvnktrSant bOME 1:8% pdvdg cehe@ller EgrsubNas aligned
| aser applications, the aperture mask 68 in the im

il TR TR {BH BAaTo b MRl wasbiile e wanelomth of the
lasegéutbhleﬂ%g qﬁ}é% gr\%l kecu?ﬁ) ?}?{[gc% Ioap{l I%lgé{? § 1%3% ?Q gszfgaa%d {Eﬁ%gﬂy or

inditeetlg wath th¢ GAEovidd camtrdIntiuhald, u@d/eﬂtm@gﬂ bedntetlyaptihdiadctly in
el enent 64 Itﬂd udes one _or nore_beanshapi ng conmponent s

comupuycatgh yath the s ﬁ%ﬂt@ééoﬁﬁ%?héz A aniheapisystan mierface
elec‘txﬁﬁﬁg Q@ NER/R Ry Beeusét?foosaﬁﬁ)mg Qf,‘ég 15591?&#@9[)209 Uh& Bnerate

have a near-uniform top pro
corrpeatrcml segrlaby tb yhams dpletor Gaudgs iodrer lsystead iopnce epnehisite prddace stable

roximty to, the erture npsk 68 downsirea of t.he
o b o Peeite o G BB A W BB B OGS Sy
Coﬂv@&idﬂﬁﬁpmt&ﬁtr& t@@fh’hc@uﬁzs QFe Wolha Gkillve p%%itl&ﬁafs | §hr&emplary
enbodi ment, the |lens 66 conprises inmaging optics

AONsRetvL- Opmfoidwhm@leﬁ ﬁﬁ:ghi‘;é%nd g1 U Fad N Vel @éﬁ te.

il erso reciate t aS| n
(0078 o BSEBEERIR bt AR ES B Eripi s Rukie Dbt 30 BRGLS %0
meg@ﬁ@’t@&@ﬁz) Skirhdr8ctapsr @ﬂﬁh&e}%th ondt &R Beillet Ban ANIHE bire

referred, that shaped |aser output can be enpl oyed

prefwr@‘:ﬁ oueriays PP icE Rensape: bewevmkples pulso 0@ BYitipmireriencies in the

o STRREATER o 1 BT SRR AR SRR S IS 19548 com 10,

100ganplaxibegticatiapi mg;,@mtvbvdm @hpled tpaisersih hadinge from 1.5 um to
accuracy. The beam shapi ng conponents not only
10 4-ansf orm t he Gaussi an irradi ance profile to a

[oo7gar ug;hﬁeei B@ﬂsgﬁsag;zla%gfecgﬂz@w e 1%4 epdtmnﬁafte@' Iﬁﬁﬂ(&%ﬁ‘fér  pad

he shaped” out put etermn or spec
cleamngenayﬁdlxsmmj@edémsbuﬂg becedserge it lteDEE vk, ﬂmdﬁser p:ﬁ‘dmcters for pad

Kil | W | i at hat t
cleafg R RE EoSdaT AR B SISt o 4STE RETp gt the
ﬂueﬁé@éxﬂ&mio?&ﬁf& hAMSEREMI 8 RRMSeddi 866 Q38v IR Mr Pad ERining, but the
864, 430 of Dickey et al., which al so discloses

pulspwidih fayned clesningds illgiﬁgﬁ?fb(smﬁ's?aﬂér dedreaspdr tpalserenfe thenwmber of
puls%gl%pd {E]eg:realgﬁle ahn% WS tiamncg ezlnp o%cp Eor pad cleaning. Other laser parameters

may be changed as well between the bulk processing and pad cleaning steps. Such
parameters may include, but are not limited to, wavelength, energy per pulse, repetition rate,
or spot size.

[0072] Furthermore, skilled persons may recall that U.S. Pat. No. 5,841,099 of Owen et
al. and U.S. Pat. No. 6,407,363 of Dunsky et al., which are herein incorporated by reference,

disclose techniques for two-step, single-pass processing of blind and through-hole vias by
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techni ques di scussed above are described in detail in

U S Pat. No. 6,433,301, the relevant portions of
wonvTiwoasse herein i ncorporated by reference. [ GEANS2007/069398

| aser power control nodule 70 may be enployed to
empietihge dirdtacler! lpngt seapetsey toporressodn dyerlysigngetaiddydrand enecond set

met hods i ncl udi n but..not lLim.ted ta, di ,
of IRE LR F R B PR B PRt on (LS K P Byper 009 o
Owex el nBdcldses Ellanp DM InceRBinE Plhk @peBfion kA€ hittlbiNGhanHE (iRSkasing)
limted to, AOVE or EOVs or notorized pol arization

the pReyt sizF gRetopPFassmp 8% ety regtargyer Be taptliedulk patehabdfectively

I ' f | ti one or nore
recqes e Ul Bt B MBS Bl el B Ry O e ™y be
[COTBIWns Bineideriyo ). $.ITait. INas €r400 368 Iof Dansiyodtlak IdiRMseSetk- agd spot-size-

aligned with a positioning mrror 44 that is adapted
chapging lecpippgs,epplayadp §§ﬁl%%@eou'&aﬁ@nwawﬁé% Erm 1B viara order to

: . det.e Qpt.i :
oSS AU, 208y, T RO SEAL R0 3N i o
metal loyertahé theageocepting thedwiit maleriain dukck t&@niqaedéaprbermyorydished with

e Gy ebaRep it s SR G oL e ot an AOML
[0074)t er fpigied ?Ez‘é‘&ﬂsﬁ@ﬂ‘i‘ dppredfhic MBOHO fecARYuBEINIEL d iy SR B Boyed to

. nodul ated laser output 20a and generate correction
impkingmah $ireostehaianddlih@pocess andy hat Gffhent bystpermnopirs emlemployed

I ts. to.prod st abl e nodul.at.ed out put .havi n
o ofseB Tl By LR R BPreppBR eI b P g pac. o
exafmpRy SR irh@afdhy dd OWBTbeGRBE M 2t 8 GRAIsUETD atinfetkB AN rdpLtition rate
skilled practitioners. Some exenplary AOM

andios Wt s rraydie ahapens adice ieandaldpyse o vied taprgyidpatsecond set of
par%}l?eterz y a%ﬁ%heﬁl%ﬁgpgg\égﬂth Bﬁg fg@ ?%cg?nasg% k(iﬁ?(f{%ig %tfhitr(!! N oﬁ Rarpgeters for

requ’enCI es e ran nega
cleapMdzhe pddmamriyl. cadBsonapiy) dfereapetvdli¢mths magbenRd€sr any of the

S ler than 1 are preferred, Certain applications
Stepﬁan%esﬁé\}ﬂé‘%’é’? mag Ilﬁviﬁ%ﬂ%@@ ip @FEE S RRRT OF P¥ iR RE MEES fapprs.

er : , I
OO e e B Ry Sy 8 e B FE b AR SR e
congtpaphdddattypinal fireyce thoswbuidrimientiphgbespot rehaas of asmdlbamount of
ranpge. fro .5 mmto |. O 0Q71] .Skilled persons )
the G ET ing sPeled v s PseP RS P g A s i S TalRg U5 A o is
cog%?ﬂd?bﬁgﬂing may al so be used for bul k processing.
ternatively, the |aser paranmeters for pad cl eaning

[00Hdy b8kidled pesenst willradsn apposetadetthe bulkoubikrigl reaniaignd the pad-
enmhodi nent the fluence | oyed for bul k. .
cleaiRdydrt™r Bafainicy il S ar e Vg r 8 egpiatipcle processing
tech@i@aNbiNGhy \Rikhtibhel Pup-pevale bivctRingRachnediR N ad Sose disclosed in
changed (significantly decreased) to decrease the
USRibRs. 60

PPty geds sdsecvendeanbeing oopadisiseds larger than the
7 . LAty SRl SROC B ESED EELBTSA LRy o
theselapplivatignss tygpsal bifeisites may range from about 1 nm to about 15 yum. Typical
scanning velocities may range from about 10 to about 1,000 millimeters per second.

[0077]  As presented in the various embodiments and examples, there are for a variety of
laser micromachining applications both throughput and quality benefits for using UV image
shaped laser output employing pulses having a pulsewidth in the picosecond regime. In

particular, a picosecond pulsewidth solid-state UV laser produces steeper thermal gradients
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paraneters may include, but are not limted to,

wavel ength, energy per pulse, repetition rate, or spot
w0s200B140063072] Furt hernore, skilled persons nmaywydares27/069398

that U S. Pat. No. 5,84 1,099 of Onven et al. and U S.
reqiReibg lehoenebg o7 cBading thdDastskiyaiatngdbyer o naberfat, soliler @isk, or resist

matf:xv\é %rgtq %%E‘g%? Hg‘{ {}%&ggv%gg%é@géﬁglgtggge %Fgceg g%ll(g%gl%tsf 1% rmore efficient
prodREiRy G RQY GaMiAsr YD H%bé&gﬁ)@srﬁhl‘l ?sbla%e%ttal%fet bz@%eFor via drilling

paranmeters to process an overlying nmetal |ayer and
in og ém:@ugiii \S@Ien@emfcas@rreﬁxar thawtletes outpuppawesfsrstdae dburkdse the thermal

it obe i P Sides @l S i s S ity e o For via

driligP@ikd fg*hQﬁhtéxﬁﬂ@wﬁﬁ @/t0p nfehR NG the( i €RRl filfewiB réRME can
size a processing the overlying netal |ayer so

decrepger the Herpy diffpeore pf Agat e themmesalllgyar epdrasali in beter quality cutting

L e

[0078]. ditsdllegedyvicas tisthoithvapodkilsinzBie ha figi Rgint @BMMPeg HRS be made
ed to control _the irradiance used to formthe
to thﬁn%‘wff? %% febor erdeseriipd @nb?cam&atépf {hys myeniem wiloyt geparting from
I

the ?%%Ylﬁe%% é‘ﬁlﬂ%g{)%rtﬁcérg : he ezc%:fgges the ﬁnJ@E ?rﬁglﬁglﬁgiﬂea ore, be

deteBuotedtoathn 4o dslloang bbiras:corrpl [ shed with the use of a
deformable mrror, but may al so be acconplished with
the use of an AOM [0074] Skilled persons w ||
appreci ate that the techni ques disclosed may be
enpl oyed to inplenment a three-step via drilling
process such that different |aser paranmeters are
enpl oyed to process the overlying netal |ayer, to
renove the bulk material, and to clean the pad. For
exanpl e, the nmetal |ayer nay be processed at a first
set of paraneters, the repetition rate and/or spot
size may be changed after the netal layer is renoved
to provide a second set of paraneters, and then the
pul sewi dth nay be decreased to provide a third set of
paraneters for cleaning the pad material.
Additionally, different wavel engths may be used for
any of the steps. These changes may be inplenented in
a single laser or by two or nore |lasers. [0075]
Skilled persons will appreciate that the pad cl eaning
paraneters need not be constrained by typical fluence
threshold Iimtations, because renoval of a snal
anmount of the underlying netal |ayer is acceptable and
may be desirable to ensure that the pad surface is
conpletely clean. [0076] Skilled persons will also
appreciate that the bulk material renoval and the
padcl eani ng process nay enpl oy outward- or
i nward-spiraling or concentric-circle processing
techni ques or any variation of |oop-profile processing
t echni ques, such as those disclosed in
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U S. Pat. No. 6,407,363 of Dunsky et al , whenever the

via size or pad size is |larger than the spot size.
waoni/kmndsy, trepanni ng techni ques can be enpl ®cEUU$2007/069398

create through-holes. For these applications, typical
Clabhs e sizes may range fromabout 1 nmto about 15 mm

Typi cal scanning velocities nmay range from about 10 to

about 1,000 mllimeters per second. [0077] As

pr epeAtRethbd fdr MifordA b e ERe MMM SugRpst Wm%ﬂg a total
there are for a variety of laser mcromachinin

nunglyp lof palsésorssd odril & madugmgutesmtdh m&thnyl @@m*tartsgcs‘ ovherein the

ot P X of RS RRRST R BpPH oaREP v A s b 0

renP@E bulkUh@Esialdo RirG0OGe G‘/Qﬂdlti@bﬂl&%%eﬂﬁ)baﬁlﬁﬂk Hrafdridt BrtdMetion and a
| aser produces steeper thernmal gradientsrequiring |ess

bot@ﬁewg@w ercaning aninher Mhel bakm petek mleaging aykbes @ﬁployed to clean a

I.es| S
borfFR} Gt REN BRI Al bl PRb Bt oy Srling
r eSante&nhF laver @upltfhacingAtlRhECR & Mde@0ond RSS palleMaeing a
of thernma damagkie6 for small isolated target pads. For .
pulsavadéyrs for flagning therbotthmguigiacapibn vicewherg doelpsragsiationship to F/r

t hese | par a e an decrease the thernal
and g ﬁ”@ gﬁﬁ\zﬂ ﬁeégﬂjapﬁfsq‘ﬁi L’ladlévval k of the via, so
si dgyatihg géahdet Mut{p§t zlt%ﬁﬁ@éﬂ%sﬂﬁ;%ﬁo wean dfel HooROs AL YO via,
materials with op netal Tayer, the picosecond
pul 3eVhainhthod gf pleing dnn ddtahahs @Iathmasl'u:p deiveden GIN Andshi/of satisfies the
of heat into t-ge met?l | ayer and result in better
[ utt Ln ahd-Tes h .t nt
equ?ﬁ&l E%fg?ﬁ yer F$Q/_C| a;ﬂz i‘ﬁ%lﬁcl?ﬁl h%fﬁl (ﬁayerﬁ ahd fis the
[0078] It will be obvious to those having skill in the

repaftiontrh@t many changes may be made to the details of
t he. above-descri bed enmbodi nents of this |nvent|on

wi thobike eefbar of Aging d oimntiard: A besrd Spfatigniip Holphess
I = (E&\{)esz (il'll?pele)m%?aefgﬁhet ggetﬂfro%sgt%t i nvention shoul d,

ef o rmne the fol | owi ng
cl ad MFhEChRtHRE of clafn Tah RQEH @E [4sBCHBARINAY a hAaselenpthBhorter than 400
drilling throughput by mnimzing a total nunber of
nanguieyss used to dr| II a via having desirable
n.the total nunb

N of > i B2t R AR h Sl MREEF IRy et vRIgERR of abour

35%@%@meﬁﬁe&gmve bulk material to formthe
via with a laser renoval -bul k nmaterial interaction and

a bt Tbermsthotl o€ elain danividchniadnser piNpedias sardsomidih tlfad éseshorter

in es enployed to clean a bottom surface of
thal% %@%8 éC%\?\n&tGHga | aser cl eaning-material interaction,

conpr iraé Athod @Mt i1N8 vHAGEhe QAsbPilschay |ariﬂlls%wﬁcﬁt}4@1{h@ & dhorter
and at | east one |aser pulse having a pulsewdth t for

thag pelhpicageconds: bot t om surface of the via, where dN has a
tr ﬁlaﬁt 4(1;1?@ I%h thl ?ci&ﬁ %gﬁiat%nxd coshggfrpszr%h?e; epqi')\%égg }rln%%e sgxa?mg optics to
shape theriget Oﬂpﬁﬂ_ tion to clean the bottom surface of a
v a9. The method of claim 1 in which the via is drilled in a printed wiring board.
10. The method of claim 1 in which the bulk material includes a homogenous film, a
particulate-filled resin, a polyimide, or a fiber-reinforced polymer.

11. The method of claim 10 in which the bulk material includes a metal cladding.
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2. 1 "he nethod of claim1 in which the relationship
between dN and F/t1l/2 satisfies the equation: -(<SV-1)
wa 200m14etnésch L =(\/f t)ym- (1/ft -1) 1/2 , and HCT/8S200m069398
repetition rate. 3. The nethod of claim1l in which dN
hasl 2a Thelratthahshilgnt bl in, wivhie the rhetal(dlddding) is 1dsR than(abbifit 18 microns
i/2 and f is the repetition rate. 4 . The net hod
thic Bf claim1 in which the | aser output has a wavel ength
shorst efhetrR@Ro AOLINANPIBLBILR thedbotBf ﬁﬁ@@%a@:ﬁap n@!uﬂl?sla metal.
in which the | aser output conprises a wavel ength
abodt T3s3ngiherbafedlams! oy wiish trednssmotiousis g@nermhé bpretshbdhstate laser
oraq'fb la|rm 1 in which the |aser pulse has a pul sewi dth
hat ‘%% shorter than 1, 000 pi coseconds. 7. The net hod
Of 16l ai@dethed whilgh Iﬁﬁvh@ﬁﬁfe [Rstk SEtpRASS e&p%&leﬂeﬂ\’aqjdsgr punching
that is shorter than 500 picoseconds. 8 The net hod
Progps.claim 1, further conprising: enpl oyi ng

oG SIS A0 O NS eSS P e
pol}pnmmmédha/wm hagsiboerd. exﬂibﬂuf@hﬁmlffﬁﬁlffﬂﬁzr pfotiekidhm 1 i n

film
par C7h Cﬁ}%ee{geggqcr q)tf@qdmr g'li W 12]3&:}5:32%1 gp&g{m q%l(?anrgggunon rate that 1s less

thad & (lalrtglmfnq)&rggﬁg_tzpol ynmer. 11. The method of claim 10
In ich the bulk material includes a netal

cl addilhg.nghodlbfeclaret hdwlith tlediser didtpunhashi repletitreranethal is less
h cl addi n[g 1i S g‘ﬁﬁ%ﬁ% t han about 18 microns thick. 13. The
an 8 B 'BFEAT4 i n which the bottom surface material

I NCloUdBS rdeth®t & claiddt infRBicABicgk RfatethPleMolal ISR surface
the | aser output is generated by a solid-state | aser

cleagmnggire peyégrmieg sbpboud e spme flwenesort of digkesinhpulsdwidthisi ch

hi
o0, 238, VBT SRS URS TR  on 2

microattBickadss ofiglatedi@k a fi ber-rei nforced pol ymer and the
via has sidewal | s .exhibiting m.niml fiber protrusion.
17 217dempsthesgolaraigy hinpyvhich %ﬂevw enllngds pogemplighedhyta punching
las a repetition rate that is less than or equal to 10
megahert z.

22. The method of claim I in which the via drilling is accomplished by a trepanning,

pro

spiraling, or looping process.

23. The method of claim | in which a workpiece at the target position includes an
overlying metal layer, a bulk material positioned beneath the overlying metal layer, and an
underlying metallic layer or pad positioned beneath the bulk material, and in which the top
metal layer is removed with a first set of laser parameters, the bulk material is removed with a
second set of laser parameters, and the underlying metallic layer is cleaned with a third set of

laser parameters, wherein the first, second, and third sets of parameters are different.

24. A method for laser via drilling, comprising:

employing a solid-state laser to generate laser output including at least one laser pulse
having a wavelength shorter than 400 nanometers and having a pulsewidth shorter than 500
picoseconds;

employing image-shaping optics to shape the laser output; and
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18. The nmethod of claim 1l in which the |aser output

has a repletion rate that is less than or equal to 1
womgaheudész. 19. The met hod of claim 1l in whichedimes2oed/d69398

materi al renoval and bottom surface cleaning are

perdiigetigiths dasgbeupuitah e taastwotitign te Eripuand alead affiementarget
Inmg%lseMAdths 20. The nethod of claim 1 in which bottom

surface cl eani ng renoves less than a 2- mcron

t h|2l5k g sn@hod®ft @daiingd4 indvhlich HheumehBedalhclalé ahomddinous film, a

h.the via drilling is_acconplished by a punching

paftwé%f‘eéged msin, FRelyHRIdRGY adiberranipracd nelxipiteh t he via

dr '2'6I g hShAEGAMRh %ﬁ%ﬁéh ﬂn;g:brug(pdﬂgghglﬁnclﬁ@%s aalk‘xe‘gmﬂaa%dmg

or looping process.
a \Wr Kihic ensthat oft dent Hr igethigotictmhani diaidingde fesathan about 18 microns
. overlying netal |ayer, a bulk material positioned
thi geneath the overlying netal layer, and an underlying

Metdl Imhe nhalN&T ofaiReml Rosith oRedbeNgah& HheriRUhKudes a metal,
material, and in which the top netal |ayer is renoved

wi 8. dhpimethodeficlagm Z@Qgrhipiaﬁ)afmﬂ@mgtenuheclbdﬁsm resistive material.

mat.er ial r th a nd set

par@ne@ me%hocf3 (gfo c;fzﬁ }ru):)? ﬁl&cf%{ gllltp}ltgaals §>;%pretiitlgn rate that is less
thwidﬂﬁqnﬁdowmﬁﬁegn@ﬂy_rd set of |aser paraneters, wherein

the first, second, and third sets of paraneters are

different. 24. A nmethod for laser via drilling,

COMRr i n@ﬂmd%@él?&ﬁ%ﬁg?&%{i iggi% ?&I%rgaald%%%reé QN rﬁ %trgaterlal

| aser “output Tnc ul'se
comariwayel engt h shorter than 400 nanoneters and haV|ng a
pi coseconds;

u|SGMAdth shorter tT %
| nﬁ@;éerg% A8g O Eﬁult e ‘%ﬂ)ﬂ%ﬂ% st P ases pulse 5@;{19@,@ wave ength shorter
thmmqiaﬁgﬁtaie%fdhﬁv @& ul RUERH Gh@ter dndePf SR pl@@%b(gr{ﬁ% Nar®

formand clean a via In a target nateri al
nmetdireckitgf the laseneRdutian thetmok ndieriddebkerimattbe scddleripad utese the

t late filled
sl R B TP bE STt HPESE pol yrer 6. The
metinod heimdthdd ¢ cim N WRiiGEh hRQoke} alehelkhal co'nﬁﬁ-ﬂ B8R xy.

a netal claddin 27. The met hod of claim 26 in which
t hé3mathameshagiefisjmi H inedych trgnodsoweskugaistiairamyrises a liquid

thod of claim?24 in which the bottom
pho%ﬂh%%kgéggcgfﬁg ‘includes a netal. 29. The net hod of

C| 3I4mﬁé nidthothd fiaitnlBS iBu K ek ebidat masichb@as! @mprises Coates
Image ure tX\}ISe()l%agc %(VSOliTSM Coates ImageFlex (Flexible Solder Mask) SV 6017,
Enthone DSR 3241 and DSR 3241 GM, Rogers Rflex 8080 LP1 and Rflex 8080 LP3
(flexible), Taiyo PSR 4000 BN and 4000 AUSS, Taiyo PSR 9000 (Flexible), or Vantico
Probimer 77 LP1 Solder Mask.

35. The method of claim 31 in which the solder mask material comprises a dry film
solder mask.

36. The method of claim 35 in which the solder mask material comprises Dupont
VACREL 8100, Dupont Flexible Photoimageable Coverlay (PIC) 1000 and 2000, Shipley
(Dynachem) DynaMASK 5000, or Shipley ConforMASK 2500.

37. The method of claim 31 in which the laser pulse has a pulsewidth that is shorter

than 500 picoseconds.
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30. The nethod of claim24 in which the | aser output
has a repetition rate that is I ess than or equal to 10
womgaheudész. 31. A nmethod for cleaning a surfacCmis2e07/069398
sol der pad covered with a mask material, conprising:
genrér dihe mpthakerclam Puturthee berdpmgngit ethplasing omegd-simping optics to
sha&%b-- ﬁf‘ havi nlg a wavel ength shorter than 400 nanoneters
3 cﬁlép pul sewi dth shorter than 1,000

pi GOs awe Mmetsho®s¥CtiAliy BCkhiwigel the 14sa58litp@Uk peterabd b @ solid-state
mask material covering the solder pad to | eave t

laseé@lfdﬁ?efﬁ%ﬁr -operatively clean for a sol deri ng pr ocess

32. 4OTH%|6 TR 0l A 1@\’%11%&&1@ ,}%ggf‘ 81.'?[ lh‘se er?l g’? I%gef punching

mat eri al conpri ses epoxy
prodess. whi ch the sol der mask materi al conprl ses ali qui d

phat oi der. mask.. 34. The nethod of claim 33
i n Mu@ggﬁqﬁé@dﬁﬁﬁ “geé RVl BRilaeT eyRprs sealopehinelaser

£ gﬂﬁqe g DOLT ko KYRRLTSM  Coat es | mageFl ex
rep | exi ' Iderpl\/§§y SV 601 T, Ent hone DSR 3241 and

DSR23 Zlhi n@%od?ofgﬁnsl SRf heyhi@080 sbiBkr pards RpérettveBD 8iBait RBhout
Tai, yo 4000 BN and 4000 AUS5, Taiyo PSR
SOid%b??(éﬁ fgp%%l‘ypleﬁiéi tico Probinmer 77 LPl Sol der
Magk. 13e.mdhsd @%1&19{13 o whigh MiotallhuntbeVbi ﬁhsets Q@ecﬁﬁl r88bve the

mask material conprises a dry film sol der
sold¥heaskemhigyalof mghimined Svhiervinthi ¢btak tenlgo Mefrpums kncludes a bulk

i al i CREL 810 Fl
R R E bR SR R B by b Sl s B M) Wi o
lasef fMRAGNBAK M%&a%d%b%%&&%e@l@&ﬁﬁm&wof surface

37. The nmethod of claim3 1 in which the |aser pul se
cleahing palspmbmelmydqi o ¢leant the sureoof 8 sohlen p51)®’1th a laser cleaning-material
8, .The hod of ¢

B PG B0y TG PG AoGaS: 1] b par BB Ershaving a

pulsbRAIh Q! clQiMUbe s@Pace T &e%td&?’ﬁa@fw}f&@&m% J—rélaﬁm‘ﬁ'ﬁ&ﬁ S
the | aser output is generated by a solid-state |aser

and epchaghfiti HEN, Iuals&srihamax eqihetontet hod of claim 31 in which
the | aser out i.s enployed_in a |aser &gnchl n

pr déegde metho qfﬁéa%‘{mdﬂwh &N Fah latignsiipite k. PRee
[ = mﬁsﬂvz _o&t/f;%u_tl)ms enpl oyed in a | aser
45. The method of claim 31 in which the laser output has a repetition rate that is less
than or equal to 10 megahertz.
46. The method of claim 31 in which the laser output comprises a wavelength of

about 355 nanometers or 351 nanometers.

47. The method of claim 31 in which the solder pad comprises and isolated pad.

48. A laser system for cleaning a surface of a solder pad, comprising:

an oscillator module for generating oscillator output including at least one oscillator
output pulse having a pulsewidth shorter than 1,000 picoseconds;

an amplification module for converting the oscillator output to laser output including
at least one laser pulse having a wavelength shorter than 400 nanometers and having a

pulsewidth shorter than 1000 picoseconds; and
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trepanning, spiraling, or |ooping process. 42. The
nmet hod of claim 31 in which the solder pad is
waooper/adoiiesel y cl ean wit hout sol der pad |ifting FOTAUS2007/069398
del am nation 43. The nethod of claim31 in which a
t otadzleamtpﬂb'éionbfg qwsﬂlege@r disesting ¢herlesas wetprhet @@T&@éporha@ RI solder
masp lﬁ'lilageel‘lsﬁ I()\rf]%r y}r&%a SO %rfﬁdaﬁi Swaﬁn{) 1?1&# hg@tB)Ot %nr{ge}{rjrson@g mafj materlal 18
rem@¥gd. oyed to renove bul k sol der mask materi al mnth a
| aser renoval -bul k material interaction and a bottom
surface cl eaning nunber dN of surface cleaning pul ses
enpl oyed to clean the surface of the solder pad with a
| aser cleaning-material interaction, in which the
| aser output has a fluence F and at | east one | aser
pul se having a pulsewidth t for cleaning the surface
of the sol der pad, where dN has a relationship to
F/t1/2 and such that dNVNo is | ess than or equal to 1.
44. The nethod of claim43 in which dN has a
relationship to L, where = (I/f t) 1/2 - (I/f t -1)
1/2. 45. The nmethod of claim3 1 in which the |aser
out put has a repetition rate that is |less than or
equal to 10 negahertz. 46. The method of claim3 1 in
whi ch the | aser output conprises a wavel ength of about
355 nanoneters or 351 nanoneters. 47. The net hod of
claim3 1 in which the sol der pad conprises and
i sol ated pad. 48. A laser systemfor cleaning a
surface of a solder pad, conprising: an oscillator
nodul e for generating oscillator output including at
| east one oscillator output pulse having a pul sewi dth
shorter than 1,000 picoseconds; an anplification
nmodul e for converting the oscillator output to |aser
out put including at |east one |aser pulse having a
wavel engt h shorter than 400 nanoneters and having a
pul sew dt h shorter than 1000 pi coseconds; anda
beam positioning systemfor directing the |aser output
at a target portion of solder mask material overlying
a sol der pad such that the target portion of sol der
mask material is renoved.

22



