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plating and, in 15 particular, to a nethod and an apparatus enploying a

| aser to ablate nmetal froma substrate and expl osively deposit the netal on
an internal wall surface of a via to forma @onductive interconnection.
Background of the Invention 20 The background is presented
herein only by way of exanple to nmultichip nodules (MCMs), which are
multimaterial, nmultilayered devices that are becom ng one of the

el ectroni cs packaging industry's nost preferred conponents for a variety of
a€rospace, conputer, mlitary, 25 and tel econmuni cations applications. MM
are replacing or reducing the conplexity of printed circuit boards, thus
enhanci ng pgpduct efficiency and reliability. MCMs-and other nultimaterial,
mul til ayered el ectronic devices for packaging single chips such as ball 30
grid arrays (BGA), -pin grid arrays (PG, -etc; circuit boards; and hybrid
and sem conductor mcrocircuits typically i ncl ude separate conmponent | ayers
of nmetal and an organic dielectric and/or reinforcement nmaterials. The
standard netal conponent |ayer(s) may contain al um num

iy 'LASER METHOD FOR PLATING VIAS

Technical Field :
The invention relates to via plating and, in
15 partlcular, to a method and an apparatus employing a laser
to ablate metal from a substrate and explosively deposit
the metal on an internal wall surface of a via to form a
conductive interconnection.
Background of the Invention
20 The background is presented herein only by way
of example to multichip modules (MCMs), which are
~multimaterial, multilayered devices that are becoming one
of the electronics packaging industry's most preferred
. components for a variety of aerospace, computer, military,
25 and telecommunications applications. MCMs are replacing
or reducing the complexity of printed circuit boards, thus
enhancing product efficiency and reliability.
MCMs and other multimaterial, multilayered
: electronic devices for packaging single chips such as ball
30 grid arrays (BGA), pin grid arrays (PGA), etc; circuit
boards; and hybrid and semiconductor microcircuits
typically include separate component layers of metal and
an organic dielectric and/or reinforcement materials. The
standard metal component layer(s) may contain aluminum,
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(PTFE) . These layers typically have a depth of about 50
to 400 pum. A standard reinforcement component ."layer" may
include fiber matts or dispersed particles of aramid
fibers, ceramics, glass, or Kevlar™ woven or dispersed
into the organic dielectric layer to reinforce it. These
reinforcements typically have a diameter or thickness of
about 1 to 10 pum. Stacks having several layers of metal,
dielectric, and reinforcement material may be larger

than 2 mm. .

MCMs present, however, new manufacturing
obstacles because they require finer lines and smaller
high aspect ratio interconnections or vias and use a
variety of new materials. The term "vias" is used herein

‘generally to refer to complete through-holes or incomplete

25

30

‘holes called "blind vias." A high aspect ratio implies a
depth-to-width comparison that is typically from about one

to five. After the vias are formed, they are typically
plated with a metal to form interconnections between metal
circuits in-the'multilayered electronic devices. The
ability to increase the packaging density of MCM-L, MCM-
L/D, PCMCIA, and laminate BGA devices to fulfill present
and future technology reqﬁirements'is now limited by
existing processes for forming interconnections between
layers. More detail concerning the industry trend and its
obstacles may be found in "The Interconnect Challenge:
Filling Small, High Aspect Ratio Contact Holes, "
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pl anari zati on. \hemegerheabhonsor planarization. Via formation is
generally achieved by mechanical drilling or punching, but
10 has also been accomplished to a limited extent by excimer
and CO, laser ablation. The precleaning or desmearing
process typically entails a chemical process employing an
acid or permanganate solution;
. The surface activation process generally entails

15 seeding the internal wall surfaces with palladium to form
a preliminary conductive layer or a metal adhesive layer.
The palladium can be directly deposited as ions from an
alkaline solution or in the form of an organometallic
coating, the organics of which are subsequently chemically

20 removed. These processes seem to work in the range of
about 150 to 250 um. Other techniques, such as
carbonizing the internal wall surfaces of the via to make
them sufficiently conductive for certain preplating
processes, are sometimes employed.

25 - - Electroless chemical plating is the most common
method for preplating the internal wall surfaces of vias.
Electroless chemical plating employs a liquid solution of
electroless copper to chemically react with and deposit on
the internal wall surface of the via a few nanometers

30 thickness of metal. This type of copper plating reduces
the resistance across the outer layers of the multilayered
electronic device to about 10 ohms (for thousands of
‘vias). The chemical reaction generates a gas byproduct
(hydrogen and oxygen) having a volume that is
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connected together by a conveyor handling system. The

- process includes precleaning, surface activation, and ‘
electroless copper deposition steps. The entire process
line is typically 60-100 feet long, and the equipment

15 costs approximately $250,000. The various chemical
solutions may cost up to about $300/gallon.

Electrochemical plating is the industry-
preferred method for plating vias. The electrochemical
plating process places a charge across the outer layers of

20 the via while the electronic device is submersed in a
plating bath of a copper solution. The cbpper ions are
galvanically attracted to and cling to the via internal
wall surfaces. This process is limited by its speed and
the access that the electrolyte solution has to the

25 internal wall surfaces. Thus, the vias are not totally
filled. A variety of other methods for creating
electrical interconnects adopted from the hybrid circuit
and semiconductor industries, some of which are described.
below, have also been used for préplating and then

30 followed by electrochemical plating.

Plating has also been accomplished by
application of a variety of organometallic solid- or
liquid-phase compositions. The compositions, such as
conductive pastes, are either squeezed into the vias or
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reactant inside the via. At via dianeters smal ler than about 250 Am the
gas and reactant 5 exchange becomes economi cally inpractical and generally
i nfeasible, resulting in poor coverage of the sia internal wall surface. A
typi cal el ectrol ess copper process |ine includes approximtely 30 tanks,
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$250,000. T various chemj.cal, soJ utions cost up,to "about $79/liter
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: process converts the plating material into the vapor
phase, transports the vapor across a region of reduced
10 pressure, and condenses the material onto the horizontal
‘surface to form a thin film. The two common types of PVD,
evaporative PVD and sputtering, employ the addition of
‘heat or the physical dislodgement of surface atoms by
momentum transfer, respectively, to convert the material
15 to the vapor phase. The processes necessitate a
protective mask to safeguard the top surface of the device
prior to via plating or an etching step to remove
undesirable metal after via plating. These processes also
cause the formation of "keyhole voids." These voids occur
20 because vias typically have aspect ratios greater than
one, so the top via rim accumulates metal and becomes
sealed before the entire via volume is filled. In some
cases, especially whenever the aspect ratio is high, the
vias may inadvertently be sealed prior to the sufficient
25 coating of the entire internal wall surfaces.

The chemical vapor deposition (CVD) process, on
the other hand, reacts chemical vapors of desired
concentrations with the heated surface of the device to
form a thin film. Like the other vapor deposition

30 processes, CVD necessitates device surface protection when
the process is utilized as a via plating technique.
Postplating homogenation or planarization are
typically employed to diffuse metals into porously filled

SUBSTITUTE SHEET (RULE 26)



galvanlcall attracted to and cling to the via internal wall surfaces. This
process | WO96(}2838g by its speed and 25 the access that thePQWGEwﬁ@MVte
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filled. A variety of other nethods for creating el ectrical interconnects
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conposi tions. The conpositions, Suc
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96/ 12830 semlconductor 1ndustry, have 1nve§€I§u§%§/g§§£§ Ea%% V|as
are submersed in tgﬁ Eaths ositions. .The~organics dre
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This process genendhby1veeaheerponﬁu&tlntBbeoaﬁa&plenslaEers have been
Cayer s on nori 2 0Ea; b AIEY thelsHr2aeR] 1R RARBREALHER £PR: g vias. A
PVD . metallization step, a process similar to that employed in
copy machine technology. The surface is charred with, for
10 example, a co, laser and then exposed to some standard
thin film technique that preferentially responds to the
laser- activated sites. ' Lasers have also been used to
enhance chemical vapor deposition where the laser acts to
heat the via site and prepare the area for the chemical
15 diffusion of the metals in the vapor (pyrolytic |
decomposition). This method is described in U.S. Patent
5,060,595 of Ziv et al., but this method works only with
certain Si and Si oxide combinations that exhibit high
absorption at 532 nm (frequency-doubled YAG).
20 - . A variety of laser metal deposition techniques
‘has also been explored for use in direct imaging of
circuits as described by Liu in "Laser Metal Deposition
for High-Density Interconnect," QOptics & Photonics News,
June 13992, at 10-14 . Such laser-activated chemical
25 deposition processes are generally characterized as either
photolytic or pyrolitic. These processes are typically
followed by chemical electroplating techniques. _
Laser photolytic processes employ laser light to
directly cause chemical changes in organo-metallic
30 solutions such that the metals dissociate from the
organics and cling to the internal wall surfaces of the
vias. These photolytic processes generally result,
however, in plating speeds that are too slow for
commercial use.
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Excimer lasers have also been employed to
enhance PVD sputtering processes at very low power and
repetition rates to produce thin films of several

15 matefials. Further details concerning this technique can
be found in "Pulsed Laser Deposition of Thin Metallic
Alloys," Appl. Phys. Lett., Vol. 62, No. 19, May 10, 1993,

- by Krebs and Bremert.

Skilled persons will appreciate that the

20 cleaning, preplating, and planarizing techniques described
above are all relatively slow batch processes, requiring

- expensive baths, masks, or postprocessing. 1In addition to
being expensive and largely inefficient, most of the
" plating techniques require both a cleansing as well as a

25 preplating process. The industry needs, therefore, faster
and more efficient via plating and/or preplating processes
that minimize the tooling as well as the steps for plating
vias comprising a w1de variety of sizes and internal wall
materials. '

30 Summary of the Invention

- An -object of the present invention is,
therefore, to pfbvide a laser system and method for
preplating and/or plating internal wall surfaces of
multilayered electronic devices.
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processes are generally thermal. Some researchers, particularly in the,
sem conductor industry, have investigated using Iaser 5 technology to
assist in sone of the steps for formng a cghductive interconnect. For
exanpl e, |asers have been used to nodify the surface I n preparation for a
netal lization step, a pr@ies presentarintventian enplaed d rpﬁlQﬁﬂ:ﬂ!%Fh' ne

|
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site and prepar he area for, t em cal fUsion tals in
t he vapor (%yr@ﬁﬁqté'qa’éébrﬁﬁi@qq%n) Fupthermonesd tll'@ mﬁﬂﬁadioes B

Pat ent 5, 060, 5%cuiiré & elighly d@iﬂtﬁdlll%df%txh%mﬁlréﬁﬁ e@ﬁ):)ﬁ:dﬁ:&éhtc%nf&i b
and Si oxide corrbl nat i ons,t hat it . hi %k; absorpti on at
(frequency- doufl §YAE. %mlca Yol af%e QGPQ'zE?é:raltﬁcalvam-l tion

t echni ques has Ial mnlnmqu:.lrmtadanf orthes d nventiiofC emplRyis A adferC idutifdts as

~described by Liyiigls k35 HedVehdlg %&%s&%’iy vaporize metal in proximity

10 to the internal wall surface of a multilayered electronlc
device, particularly that of a via. '

A preferred embodiment of the present invention ‘
quadruples the frequency of the output of a continuously
pumped, Q-switched, NAQ:YAG laser to genérate ultraviolet

is5 light output pulses at a high repetition rate. The laser
~ pulses irradiate a metallic plating material, such as
copper, from a target substrate located beneath an
unplated via. The short duration ultraviolet laser pulses
are highly absorbed by the metal and cause a rapid,
20 explosive vaporization that causes micron and submicron
metallic vaporizatiqn particles to splatter against the

internal wall surface of the via. The particles impact
the softer dielectric material along the internal wall
surfaces of the vias and become physically imbedded along

25 the wall surfaces by the heat and velocity as well as
adhere to the ends of the metal layers. The process
generates uniformly coated via internal wall surfaces
having significant bonding strength to the dielectric
material. The characteristics of the laser pulses can be

30 adjusted to select the thickness of the metal coating.
The process, therefore, allows high aspect ratio vias to
be pre-plated and/or plated using virtually any metal on
virtually any dielectric.
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generally characterized as either photolytic or pyrolitic. These processes
are typically followed by chenical electroplating techniques. Laser
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Devi ce Applicati@ﬁﬁcquﬂlﬂlth reference to the accompanying drawings.

- Brief Description of the Drawinas

0 o Fig.'l'is-an isometric view of the Cdmponents of
a simplified laser system employed for génerating
desirable laser pulses in accordance with the present
invention. ' '

Fig. 2 is an enlarged sectional side elevation

15 view of a multilayered target having a through-hole and a
blind via.. '

'Figs. 3A and 3B show cutting profiles for
forming a through-hole and a blind via, respectively.
Fig. 4 is an enlarged sectional side elevation

20 view depicting the plating process of the present
invention applied to a small diameter through-hole via and
a large diameter blind via in a multilayered target.

Detailed Description of a Preferred Embodiment
With reference to Fig. 1, a preferred embodiment

25 of a laser system 10 of the present invention includes a

' resonator 12 defined by a laser rod 14 positioned between
a rear mirror 16 and an output mirror 18 along an optic
axis 20. Mirror 16 is preferably 100 percent reflective,
and mirror 18 is partly transmissive to light propagating

30 - along optic axis 20. Laser rod 14 preferably includes a
solid-state lasant such as Nd:YAG, Nd:YLF, Nd:YAP, or
-Nd:YVO4, or a YAG crystal doped with holmium or erbium.
Laser rod 14 may be pumped by a variety of pumping sources
(not shown) well known to persons skilled in the art, but

SUBSTITUTE SHEET (RULE 26)



Vol . 136%@5%2 at 500-11 Excinmer |asers have al so been egﬁj%¥ed to
enhance éﬁ#%ering processes at very |ow power and rep&tifY¥eMB44tes to
produce thin filns of several is materials. Further details concerning
this technique can be found in "Pul sed Laser Deposition of Thin Metallic
Al'loys," Appl. Phys. Lett., Vol. 62, No. 1910May 10, 1993, by Krebs and
Brenert. Skilled persons mAII appreciate that the cleaning, preplating, and
pl anari zi ng t eehkryRESW Arcddamb Bed cab@ Sudtabdlel dieldet ilasier siomlichatech

processes, rqukéf@&:@ﬁPQ&&‘!ﬁsgétg?st@ﬁﬁ&% o%rtm%SbEf%gﬁlsaﬂweq: N ggddi tion

to being expensive and Iargw%é ne C|ent nost atin ni ques
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Patent No. 3, 562g889rof" 28ShAR Rlirdbr §&PI Oy ten 1.4 mllisecond, one joule
pul ses froma ruby |aser to create a_25 4 Amdianmeter hole in 635 [err]

thi ck al umina ceranic suf FrSPEPHﬁd°§aQGPFfer8ﬁd1ﬁeﬂﬁoﬂ°ﬁﬁﬁ§ﬁﬁ@ tg5a into
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.SHEET 10 harmonic generation or frequency doubling. Second
harmonic generation may be-produced by a first frequency
converter 32 suéh as a nonlinear crystal inserted along
optic axis 20 and angle- tuned for optimum phase matchlng
with the output of laser rod 14. Skilled persons will

15 appreciate that there are numerous other techniques
conventionally employed for phase matching. The amount of
energy converted to the second harmonic is a functlon of a
number of laser characteristics including peak power, mode
structure, and beam divergence of the fundamental

20 wavelength. Pertinent factors for selecting a particular
nonlinear crystal include nonlinear coéfficients, angular
acceptance, and damage threshold. '

: In a preferred laser system 10 that is a
_ continuously pumped, Q-switched, Nd:YAG laser, frequency

25 doubling is efficiently accomplished with a barium borate
crystal 32 positioned within resonator 12 along optic axis
20, as shown in Fig. 1. Skilled persons will appreciate
that numerous other frequency converting crystals might be
used, such as lithium borate. .

30 The doubling process is enhanced by a Brewster
plate polarizer 26 preferably positioned between rear
mirror 16 and laser rod 14. 1In addition, output mirror 18
is selected to be highly reflective to the fundamental
wavelength generated by laser rod 14 (1064 nm for a
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7A or staia%ﬁ%a eel foils positioned beneath the substratggnﬁﬁggﬁﬁﬁn et
t

al .- al so repor e use of an electron beamto bore and pla 6ugh
holes. In Gernman Publication No. DE 36 19 342 Al,Rohr 5 and Thonmes enpl oy
a first 100 m crosecond pul se of one joule froma 1.06 Am neodym um | aser
to bore a 200 Am di aneter hole in 7 nmthick }&rr] ceramic. A second

equi val ent pulse is ggﬁloyeq t o .vacuum deposit, onto the internal surface

of the bore hol e NGHAS) &o AnsReafeaddit iRFracaidty feald pewami dhereby num
foil and copper shreleaing thesHareind ¢ StifmrsAldy (BT ALM)Y &t QW 8,

bore hol e. These. nethods i.nvolve relatively slow thermal reflow processes

that woul d t her n&¥ ?Sdg}‘r‘é:é’eaﬁol hfftHri al s. The industry needs,
therefore, faster and noreZX Eeasrd diraguerniay motvertendor (glisplmidfigrably

e 2 no, b3y IR A0 1 G e U B 08 A B
the Invention 20to resonator A2 &5 apgtodmce (e fgyarith ihammanion dutput 38
therefore, to prqgiede rh) ¥Ftrey Fupid=EhtE! R d1ndUEP!8ld NY W/ Y cong
Plating Internal e onid '3 Yestnator oubput 367 with & Conversion
efficiency of approximately 25 percent. The resonator
10 = output 36 may be separated into the two wavelengths
(532 nm and 266 nm) with one or more beamsplitters (not
shown). The fourth harmonic output 38 at 266 nm may also
- be varied by rotating the input polarization of the 532 nm
resonator output 36 with a polarization state changer 42
15 positioned albng optic axis 20. Polarization state
changer_42'may be a quarter-wave plate or a variable
polarization state changer under operative control of a
central processing unit (not shown) such as described in
U.S. Patent No. 5,361,268.
20 _ The fourth harmonic output 38,may-be.manipulated
by a variety of well-known optics including beam expander
-lens components 44 and 46 that are positioned along beam
path 50 before a series of beam-directing reflectors 52,
54, 56, and 58. Finally, the fourth harmonic output 38 is
25 passed through a focusing lens 60 before being applied as
processing output beam 62 to target 40. Other preferred
- wavelengths of processing output beam 62 include 213 nm
(fErequently quintupled) and 355 nm (frequency tripled).
- S8killed persons will appreciate that frequency converter
30 34 would be preferably positioned within resonator 12 if
frequency. tripling is desired.
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REPLACEVENT SHEET 2 O0AUG 1996 PDX4-31476.1 26860- 0033 AMENDED SHEET 8
The presWM96{12838nt i on enploys a prinarily thermal and phyBCTAISISN8ATELSS

rat her than the conventional chem cal, electrolytic, photolytic, or

pyrol ytic processes 5 to plate the internal wall surfaces of nultilayered
el ectroni c devices. Furthernore, the procegs does not require a highly
controll ed or conplex environnent such as a vacuum chem cal solutions, or
organo-netal l'ic vapors. Imigeom rlgdiastdﬁa{gtsi_@éctt,_%ailn\éq_@é PRI, | aser
out put 10 puls in proximty to

d | |
t he internal a§§|91taeé’é>r ¥ %s:gve é'& 8\“&5@8%%%%@6\%1&9‘:1}9&19 cularly

that of a via. dAvplcef &0r ¢dha¢rmtadn mfm exampd epr becan M@”Bnba@&dilt@i-gupl es
the f t tch
e frequency ofglile Qut R H br &C Hﬁ%&’x uc%orpﬂllqggg é‘??’% ;h%

Nd: YAG | aser to generat'e ult put
repetition5rat eonveaiense, gevies ﬁpra@ld@@lstﬁétaﬁlhanhgtnmgwabum al

such as copper ]1al/ee@:2 6al,0¢l,S¢BSt hake 7lpocat ed beneath an unpl ated via.

The short duration ultrayiolet |aser pul ses 20 are |%hly absorbed by the
metal and cause a rapid, Layers 64 and 68 may contain, for example,

standard metals such as aluminum, copper, gold,

molybdenum, nickel, palladium, platinum, silver, titanium,
10 .tungstén, metal nitrides, or'COmbinations thereof.

‘Conventional metal layers vary in thickness, typically

between 9 and 36 um, but may be thinner or as thick as 72 '

pm. Layer 66 may, for example, contain a standard organic
dielectric material such as BT, benzocyclobutane (BCB) ,

15 cardboard, cyanate esters, epoxies, phenolics, polyimides,
PTFE, various polymer alloys, or combinations thereof.
Conventional organic dielectric layers 66 vary
considerably in thickness, but are typically much thicker
than metal layers 64 and 68. An exemplary thickness range

20 for organic dielectric layers 66 is about 50 to 200 um,
but they may be placed in stacks as large as 2 mm. A
standard reinforcement component or "layer 70" may be
fiber matte or dispersed particles of, for example, aramid
fibers, ceramics, glass, or Kevlar™ woven or dispersed

25 into organic dielectric layer 66. Conventional
reinforcement layers 70 are typically much thinner than
organic dielectric layers 66 and may be on the order of 1
‘to 2 um and perhaps up to 10 um. Skilled persons will
appreciate that reinforcement material may be introduced

30 as powders into the orgamic dielectrics. The "layers 70"
formed by such powdery reinforcement material may be
noncontiguous and nonuniform. Skilled persons will also
appreciate that layers 64, 66, and 68 may also be
internally noncontiguous, nonuniform, and nonlevel.
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expl osi ve ri.zation that causes m croneter and subm croneter netallic
vaporizatiﬁﬁﬁ% cles to splatter against the internal wal IPCHPIR0878t ¢ he
via. The particles inpact the:.softer dielectric material along the 25
internal wall surfaces of the vias and becone physically * inbedded al ong
the wall surfaces by the heat and velocity asisel |  as adhere to the ends of
the nmetal l|ayers. The process generates uniformy coated via internal wall
surfaces having S|gnlflcanthmndﬁnglser@qgi@tsoather@ghdhelecviac72 and a

material . The cf@rﬁme&iétwswémé@ lﬁ,ﬁﬂg@fe&aé‘lé’@%ere#étﬁgvi?? .88

sel ect the thlckness of t he_net al coatln rocess ore
hi‘gh aspect ratio ViAass’3 A T ks a?%‘%l"%‘éﬂ-%ﬁla ¥it ¥R ated by mechanycahy

netal on virtual Igrilys dnet asdy ilse W/ﬁbﬂtﬁ%ﬁ@(ﬁéﬂ@y and
26860 0033 2 g Qgéﬂgﬁ ANEN%F WEET e efent I nventi on enpl oys a
primarily thefmal® PN & Procdil }%fﬁﬁr THaRtERES conventi ona
chemi cal, electrolytic, pholwlytpreferredrehhodimenoceskesugh-holel 22e the
LPZ ernal dgfglsl SUrdRean Plal| LVdRYF SEnELPALEONE1 URIYCES - afd hRELIRLEs B°
_ target 40 and exhibits negligible taper from its top 76 to
its bottom 78 along its internal wall surface 79. Blind
10 wvia 74 does not penetrate all layers and/or materials. 1In
Fig. 2, blind via 74 stops at and does not penetrate
layer 68. Thus, proper selection of the parameters of
processing output beam 62 of laser system 10 permits layer
68 to remain unaffected even if it comprises the same
15 metal component(s) as layer 64.

- The parameters of processing output beam 62 can
be selected to facilitate substantially clean; sequential
or simultaneous drilling, i.e., via formation, of a wide
variety of multimaterial targets. Such targets may

20 comprise, for example, organic dielectrics, reinforcement
materials, and/or metals that exhibit different optical
absorption and other characteristics in response to
ultraviolet light, i.e., wavelengths shorter than about
400 nm. = The preferred parameters of processing output

25 Dbeam 62 for forming vias are selected in an attempt to
circumvent at least some of the thermal damage effects by
utilizing temporal pulse widths that are shorter than
about 100 ns, preferably from about 40 to 90 ns or
shorter. Other preferred parameters include average

30 powers greater than about 100 mW measured over the beam

' spot area; spot.size'diameters or spatial major axes of
less than about 50 um, preferably from about 10 to 50 um;
a repetition rate of greater than about 200 Hz, preferably
greater than about 1 kHz or even 5 kHz; and an ultraviolet
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require controlled or conplex environment such as a vacuum

cheni cal %BP%HS , or organo-metallic vapors. In contradi BCT/HS9508474 t he

i nvention enpl oys Iaser output 10 pulses to heat and expl osively vapori ze
metal in proximty to the internal wall surface of a nultilayered

el ectronic device, particularly that of a vhg. A preferred enbodi nent of
the present invention quadruples the frequency of the output of a

cont i nuously 15~a\pa|.‘m.1\agtthrefﬁ‘thy Noks Bthéen aﬂ%uﬁ 019)?'1% aj@s Wheh F @vi ol et

l'i ght output p re on rate. e lase ses Irradiate a
nmetal lic plati ;gg]éerr%'f er é)ﬁpé%sc ‘2@2 jp% raPl?F%‘i&% a%% S?P%"t eazf%%a‘?%d
beneat h an unplwmt/lbeaﬂfr@ shwrgenkral lyrcitdulan ollait |meero@uveey 2 .

are highly absosr é? apnd cause a rapid, explosive vapori zat i on
t hat causes_mcr orret er su m cronmeter netallic vaporization particles to
splatter against the intefifdipmetaxs iexefenahlic xange fifom (RG tie| 380 :

i mpact the sof ta, dhel exigdE é?él%m alo aﬁaylgpﬁctmm?é via[E efilaén?w; étgé faces
of the vias and _becone h_|}’ i C m%qi }%\I ong t ‘-}F\'g? surfaces by the
heat and vel ocity® 25 o ];sasacﬁ%?‘bt S W IR Eeatenydian |1 The
process gener atmss. urBefmdg/ uitmtratbﬁefredlts;rdtalsm Ioﬁu:rtim% beath Nge is
(S:Ihgp;];:![ g?lr]gtfjgé%of t he ﬁ%gtepltﬁésﬁgt%gn Oleag_lé {I?atrggil& H]PZYt%ckness
of the metdl c@RAdMFedry mmlnmemwtmq maﬁeypmmg,t.mw as
to be pre-plat epiahl Pradedsithg'S| Migd [ 13:2/dnEG 3B show.cutting profiles
for forming a through-hole 86 and a blind via 88,
respectively, that are larger than the spot size of output
beam 62. '
15 With reference to Fig. 3A,: through-hole 86
~defines on the surface of electronic device 80 a circular
spatial region 90 having a periphery 92.: Output beam 62
has a spot area 94 that is less than the area of region
90. Through-hole 86 is formed by sequentially positioning
20  beam 62 having spot area 94 at overlapping contiguous
locations around periphery 92. Beam 62 is preferably
pulsed while moving continuously around periphery 92 such
that the pulse overlap (bite size) and number of
revolutions or passes are combined to deliver the number
25 of beam pulses at each location necessary to achleve the
desired depth of. cut. After beam 62 completes a
sufficient number of passes about the path around
periphery 92, the center target material 96 falls out to
, form through-hole 86. This process is called
30 "trepanning." : .
With reference to Fig. 3B, blind via 88 also
defines on the surface of target 40 a circular region 90
having a periphery 92. Output beam 62 having spot area 92
is initially positioned at the center 102 of region 90.
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any netal on virtually any dielectric. REPLACEMENT SHEET PDX4-31476. 1
26860- 0033V %138 1996 AMENDED SHEET WD 96/ 12830 PCT/US95/08474

PCT/ US95/ 08474 9 Simlarly, blind vias can be plated by using part of the
metal |ayer at the bottomof the blind via sacrificially to provide the
material for coating the internal wall surfacesof the blind via. 5
Addi ti onal objects and advantages of the present invention will be apparent
fromthe foll ow Bdindt aiilac®8ddsc fioptiedh byf sequeattdaldy eusddiicering he=enfs2
whi ch proceeds w : C e .aC qgﬁé | (= 0Y] . i~ef .
Description of \t,v#(’gk}f')rIh vm%?%si% %6%% 9 S°G %éﬂ%gﬁg%\gfﬁq%?gnue%{ rll%g-a\}:lléavr\}sof

t He conponents oRleng gpispirad Pa&dy 1HdstenPeriPhesy P& g&eamitéi2ngs moved

desirabl e | aser pehtenuohsa9CrdRRpR Wil Raldhe 10a%AWn IFC IR ciliit Ane

an enl arged secti.onal side elevation.,15 viewof a multilayered target
havi ng a t hr SughfR3| YEEE™ 10 toq dBtdves fhe sumber of bedp anls
profiles for necessary to achieve the depth of cut at the location. As

beam 62 proceeds along spiral path 104, the target
material is "nibbled" away to form a hole of increasing
size each time beam 62 is moved to a new cutting location.

10 The final shape of the hole is achieved when beam 62 moves
along a circular path at periphery 92. Skilled persons
will appreciate that éither device 80 or processing output
beam 62 may be fixed or moved relative to the position of
the other. _ _

15 o Several examples of through-hole vias and blind
vias of various depths and diameters produced on a number
of different substrates are set forth below. These vias
were all produced with a Model 4575 UV laser (generally at
266 nm) in a Model 4420 laser system manufactured by

20 Electro Scientific Industries, Inc. in Portland,:Oregon.

- Example 1
With reference to Table 1, through-holes
(samples 1 to 5) and blind vias (samples 6 to 9) were
produced on 190.5 um thick, three-layered copper/FR4 (a

25 level 4 fire-retardant epoxy-glass composition) /copper
targets. These experiments were conducted with a 25 mm
lens. Through-holes and blind vias having a diameter
larger than 51 um were préduced by concentric circles with

" a 10 mm pitch. Thé average power was set at 260 mW,

30 ' measured at 2 kHz.
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formng a through-hole and a blind via,

sect i onaWa9M28H evati on 20

pr esent

respectively. Fig. 4 is an enl arged

vi ew depi cting the plating prROTAISYSO8478 he

“invention applied to a small
diameter blind via in a nultilayered target.

Preferred Enbodi nent Wth reference to Fig.

of a laser system 10 of the present
rod 14 positioned between a rear

defined by a |aser

mrror

reflective,
al ong optic axis 20.

and mrror

Laser

18 along an optic axis 20. Mrror

such as Nd: YAG Nd: YLF, Nd: YAP, or
hol m um or erbium Laser rod 14 may be punped by a variety of punping

sources (not shown) well

SUBSTI TUTE SHEET (RULE 26)

PCT/ US95/ 08474 10 a krypton arc lanp is or a suitable di ode Iaser woul d be
| aser system 10 of the present

preferred for
and operatlon are also well

uses,

their

posi tioning,

skilled in the

10

15

20

25

30

35

40

45

Nd: YVO4,

WO 96/ 12830

TABLE 1:

mrror

i nventi on.

known to persons skilled in the art,

di aneter through-hole via and a | arge
Detailed Description of a
1, a preferred enbodi nent 25
I nventgon i ncludes a resonator 12
16 and an out put
16 is preferably 100 percent
18 is partly transm ssive to |ight propagating 30

rod 14 preferably includes a solid-state | asant -
or a YAG crystal doped with

but

Q swi t ches and

known to persons

TEST RESULTS oN COPPERIFR_’OICOPPER

Sample #

Via Diameter
“Cum)

Speed
(mm/s)

Bite
Size (um)

Rep .
Rate

(kHz)

¥
Passes

Taper
Cam)

Throughput
Choles/sec)

VA DRILL

1
10x10
array

ING

25

0.4

2.3

2
10x10 -
array

51

4.0

2.0

12

3.9

| 10x10

3

array

102

7.0

3.0

2.3

12

1.9

4
10x10
array

152

7.0

7.0

2.3

13

10

1.4

5
10x10
array

203

7.0

7.0

14

12

0.79

6
33
array

BLIND VIAS DRILLING

51

_300

3.0

6.9

7
3x3
array

102

2.0

0.75

2.7

1.4

8 .
3x3
array

152

3.0

3.0

0.36

33
array

203

3.0

3.0

0.21
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5 art. In laser system 10, a Qswitch 24 is preferably positioned wthin
resonator YOG optic axis 20 between laser rod 14 and niBGRAPSISE84TFhe
output of laser rod 14 is converted to a preferred ultraviolet wavel ength
t hrough two stages of 10 har noni ¢ generation or frequency doubli ng.
Second harnoni c generation may be produced by a first frequency converter
32 such as a nonlinear crystal inserted alohg 4 optic axis 20 and
angl e-tuned for optimum phase matching with the output of |aser rod 14.
Skilled persons will 15  appreciate th&XamRd€e23re numerous ot her
t echni ques conventi onal I wmmlmf@:l:énﬁe A T b IR c;hi ImlndThG_a@TWé&Te of
erier gy convert.ed ond har n|c fun on of .a nu | aser
characteri sti cquorf@’f 3: s&s\\g déaat FHe s é"k'allf(lj1 E@aﬁnb e\f&dgence
of. the fundarreruappmepw/-@]@rsgi hprepey/idapper ftaoigets .f oTheseccting a
particul ar on dﬁiﬁ:d}%ﬁ [ [ @f@{t! ar

51 arragemistr ehfeing'J WA £ b g m 1hat is a

accept ance, preferred | aser syste
cont i nuousl y pd??ﬁ’ecprwtt%d”% t\m@qsésene ﬁ%@&@n@?%r ]@M%ﬁ P i s

efficiently acausd Iﬁiye@ﬁ/ﬂj_t ghﬁlﬁgﬁd‘jﬂ@&_}ﬁwy Wlthln

resonator 12 an optlc as Q I.n_Fi |II rsons wl |
éffﬂy‘%ﬁl dg“crﬁ%glli’l Y be used,

appreci ate that
such as | it hi uraghiaradlt e:ut’iﬁ.ng to remove The ahajiﬂmwg. pirmdmis denterhayic adheby

a Brewstery pl aty Pol el Yyerfadd YL WaPL Bt AN Pehe G dfifed at a

repetition rate of 2 kHz.

TABLE 2: TEST RESULTS ON COPPER/EPOXY GLASS PREPEG/COPPER

15 - Rep #
Via Diameter Speed | Bite Rate Pagses Taper Throughput
Sample #| (gm) (mm/s) size (am) {kHz) - {am) (holes/sec)
1 203 47 | 2 2.4 1 .- 0.9
20 :
2 51 4.75 2 2.4 2 -- - 8.4
25
Exémgle 3

With reference to: Table 3, through-holes

30 '(samples 1 to 5) and blind vias ( samples 6 to 9) were
produced on 178 um thick, three-layered copper/liquid
crystal polymer/copper targets. These experiments were
conducted with a 25 mm lens. The blind vias were cut
using concentric circles with a pitch of 15 um. The

35 average power 300 mW, measured at a repetition rate of
2 kHz.
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mrror 16 and laser rod 14. |In addition, output mrror 18 is selected to
be hi ghl Wa%/128%t i ve to t he fundanental wavel ength gener atreXnisgshszer rod
14 (1064 nmfor a SUBSTI TUTE SHEET (RULE 26) WD 96/ 12830

PCT/ US95/ 08474 11 Nd: YAG to increase the intracavity peak power, thereby

I ncreasing the harnonic conversion (to 532 nn) efficiency by as nuch as 80
percent. A second frequency converter 34 (phso preferably 5 barium borate)
is positioned along optic axis 20 external to resonator 12 to produce the
fourth harnonic out put 38as(26 risikesrs bierrkr el ERTAl rolVRReR®BOt N, 1.e., the
second harnoni c of resonator output 36, with a conversion efficiency of

approxi matel y 25 parv(;e%t. Theé resondtor 10 |owdppui] 36 may] be o-
the two wavel 3 ometih 66 [nBiFe wi t h 83te (r Pasesee fodepam Pl Thtobmpus (ot
shown). The %E‘g;E .h.((‘":3 i ¥ Mﬁ gzréf’ y_al so bh&W o] | Geteutre

rotating thepagsinveagl arjization of the 532 nmresonator output 36 with a

pol ari zati on foﬂﬁte Qﬁanger' 42 15 pcsigi oned §I ondg optic pxis 20.

Pol ari zato on|stat €| changer 42 ray bg: d quartler-wave platef or’ a Vatiabl e

pol ari zati onjfstatelchanger nibder opgrative dontrol! of a clentral processi ﬁg

unit (not shyfy siGh as desgrjped ifn, s f g s | 7 | s
15 array :

3 R
10x10 - | 76 . 7.0 2.0 3.5 8 9 3.1
array

20 4 .
10x10 102 9.0 3.0 3 12 7 2.2 '
’ array '

5
25 10x10 ) -7 | 12.0 4.0 3 ' 14 6 1.9
array . ' o :

BLIND VIAS DRILLING
é

30 E e 70 3 3.0 1 2 -- 0.70
array

7
3 88 3 3.0 1 2 .- 0.52
35 array ' '

8
3x3 121 3 3.0 1 2 - 0.35
array .

40

9 — . .
a3 ] M 3 3.0 1 2 -- 0.28
farray :

45
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U S. Patent No. 5,361, 268.. 20 The fourth harnoni c output 38
may be manwodeam2esbd by a variety of well-known optics includimerisasssrs
expander |ens conmponents 44 :and 46 that are positioned al ong beam path 50
before a series of beamdirecting reflectors 52, 54, 56, and 58. Finally,
the fourth harnmonic output 38 is 25 passed through a focusing | ens 60
bef ore being applied as processi ng out put beam 62 to target 40. O her
preferred wavel engt hs of processing out put heam 62 include 213 nm
(frequently quintupled) and 355 nm (frequency tripled). Skilled persons
wi || appreciate that frequency converterESmpls&l 4wul d be preferably

positioned within resonator 12 if frequency tripling is desired. SUBSTI TUTE
SHEET (RULE 26) WO 96/ W2ghoreference to Table 4, through-holes were

PCT/ US95/ 08474 p2oBheed2ohSt@#oCEaBB1E8CHE O55d f.ﬁd&:yéxe,wwoqrhﬁ?eﬁ ged
portion of g generic nugtllagfred elec%ronlg vice, 80 that may, for
exanpl e, be “an KERPSEafaef oPI2PESTEED Orer r@é;Y%P{)e§%ﬁﬁ¥ﬁﬁHUctor
mcrocircuit. For 5 convenience, device 80 is depicted as having only
four layers: 64, 66, 68, apglek0- EbO%QLE oﬁ%?éﬂ%uﬁ?mﬁ@%eﬁ%@bdﬂumﬁpr exanpl e,

standard netal s_such as alum oum copper. do
Rep #

10 via Diameter Speed Bite . Rate Passes Taper | Throughput

Sample #| (um) - {mn/s) Size (um) (knz) Cam) tholes/sec)

: 1 100 50 | -- ' 2 5 18 1.5+

15 '

2 100 - 100 - 2" 6 - 18 1.5+
20 .

Example 5

" With reference to Table 5, through-holes were
produced on 254 um thick, two-layered glass fiber-reinforced
cyanate ester (samples 1 to 3) and 254 um thick, two-layered

25 random glass powder-reinforéed.cyanate ester targets. These
experiments were performed with a 25 mm focal length lens
resulting in an effective spot size of about 25 um. The
average power was 250 mW, measured at a repetition rate of
about 2 kHz. The through-holes were trepanned.

30 .
TABLE 5: TEST RESULTS ON GLASS.(FI_BER OR POMDER) - REINFORCED CYANATE ESTER
: . . R Rep #
Via Diameter Speed Bite Rate Passes Taper Throughput
35 Sample #| (um) (mn/s) Size (am) (kHz) o (um) (holes/sec)
1 50 5 .- . 2.5 4. .- 5.4 .
2 89 17 .- _ 3.5 7 -- 3.5
40
3 100 8 - 3.2 7 -- 3.5
4 89 8.1 -- 2.7 2 - 3.5
45
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nmol ybdenum ni ckel, palladium platinum silver, titanium 10 tungst en,
met al ni woisgagszoor conbi nations thereof. Conventional netglerthaygogaryary in
t hi ckness, typically between 9 and 36 Am but may be thinner or as thick as
72 4 Am Layer 66 nay, for exanple, contain a standard organic dielectric
material such as BT, benzocycl obutane (BCB), 15 cardboard, cyanate
esters, epoxies, phenolics, polyimdes, PTFE, various polyner alloys, or
conbi nati ons thereof. Conventional organigodielectric |layers 66 vary
considerably in thickness, but are typically nuch thicker than netal |ayers
64 and 68. An exenplary thickness ranggxdtble feor organic dielectric |ayers
66 i s about 50 to Zﬁgtﬁmre?lékehééytg&!‘a}?fe%acﬁgré%ﬁtrﬁ?ll%s Upadiroe as 2

mm A standard rein rcenent -conponent ayer ' matte or
di spersed paPFPEpgedopn 18P lé’i%a%*‘ék a‘?"éi?ﬂ]d’l‘fqlt?@r §P%‘é'réi%a@§ withsd8 em
[err] woven ebpﬂesanseﬂgZ%ultﬂfmatmr Nb191R6d 0ak)| Aeampd@ 1) and

Co I h th

organc & o 20 ke EREERT bup Uitendd fidnid MU eordBC Rl USky B3R um
perhaps up tecppeam(sagRiesed perdbrikangels apfhesenexperimentisnivereenent
nateri al mik@ﬁdh&&é&%ﬁ@ﬂ §025 xﬁﬁ ROV et 1M Yeditdn g;‘ ‘ihe‘ég‘” cs.

The "l ayers 7 for med ery rei nforciment materi a
noncont i guou$ gﬁﬁtﬁﬁﬁuﬁp r?ﬂ'z%k‘? | % Ry sOfe wimoughs hod gy H@F&t e that
| ayers 64, 66trepannéd.nayhal svetmge rmairn.ai Ipowean evaist 2g0ows, measdi-edr g and

nonl evel 4 sugs;égggtﬁggqaw% 28uz.
q

TABLE 6: TEST RESULTS ON COPPEI!-CI.AD, EPOXY GLASS OR ARAMID EPOXY

. Rep #
15 Via Diameter Speed ~ Bite Rate Passes Taper | Throughput
Sampte #| (am) (mm/s) Size (am) Ckhz) Cam) (holes/sec)
1 10 - 10 -- 4 5 9 1.15
2 50 3.6 - | - 4.5 1 o | 1.7
25 3 100 8.1 - 2.7 2 9 6.3
_ Exam 7
30 With reference to Table 7, through-holes were

produced on 71 um thick FR4/18 um copper (samples 1, 3
to 5), and 142 um thick (two-layer stack) FR4/18 um copper
(sample 2). These experiments were conducted with a 25 mm
focal length lens resulting in an effective spot size of
- 35 about 25 um. The through-holes were trepanned. The average
output power was 300 mW, measured at a repetition rate of
- 2 kHz.

SUBSTITUTE SHEET (RULE 26)




WO 96/ 12830 PCT/ US95/ 08474 13 Fig. 2
al so depi V9912830 ough-hole via 72 and a blind via 74 for me@CTAUSIS08474

mul tilayered el ectronic device 80. Vias 72 and 74 are conventionally
created by nechanical drills but nmay be produced with varying quality and 5
efficiency by certain |laser techniques. In a preferred enbodi nent,
‘through-hole 72 cleanly and evenly penetrategs all layers and nmaterials of
target 40 and exhibits negligible taper frofitits top 76 to its bottom 78
along its internal wall surface Bl s not penetrate al

| ayers and/or materials. In Fi 'J&57 ﬁgqﬁ$gsoy$ﬁ”§?%€§§at and does not
penetrate | ayqr 68 [THUS, Profger SelgrtTom O] jE Pagametersof processtn
out put beam 64 of | gsee pizgesérern Sedper|mBirs | ayjeraté8 |t easteenE Ilapbmjifﬁ\&ﬁd\ﬂd
even if it corfiPedd e sane |19™ibt 4| SEOHBONAES)| as | averme4]| tRes/sec
parameters of |procegsing outpyt beam|62 can be selegcted tof facilitate
substanti al | y cliean, @equent I 4l Sor si|ntd t aneoud dri} | |2ng .8, | vi.a

formati ong gof fer-wreg—vartety—qt—rtHratertatteargeg-s—Suep—tar
conpri se, ? r |exanpljese organi q sli el edtrdi.cs, rgignforjcesent rra;oeri al.g, and/ ar
metal s that eqhibitldifferent lopticall absorptyon and other] i i
In response tq 5 100 8 - .- . 5 0 | 46

15 _ .

4 200 | 1 .- 4 3 .10 1.9
20 5 300 10 -- _ 4. 10 10 1.0
Example 8
25 With reference to Table 8, through-hole vias and

blind vias were produced on three-layered, 305 um epoxy
glass/18 um copper (samples 1, 2, 8); three-layered, 102 um
epoxy glass/18 um copper (samples 3 to 5); and three-layered
glass polyimide/18 um copper (samples 6, 7, 9) targets.

30 These experiments were performed with a 25 mm focal length
lens resulting in an effective spot size of 25 um. The
through-holes were trepanned at a uniform power. The blind
vias were produced by processing the organic dielectric and
the metal layers at different peak powers. The average

35 output power was 225 mW, measured at a repetition rate of 2
kHz. ' | o
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ultraviolet light, i.e., wavel engths shorter.than about 400 nm The
preferredveos/2880 er s of processing output 25 beam 62 for pErosoR@ssisas are
selected in an attenpt to circunvent at |east sonme of the thernmal damage
effects by utilizing tenporal pulse widths that are shorter than about 100
ns, preferably fromabout 40 to 90 ns or shorter. O her preferred
paraneters include average 30 powers greater than about 100 nW neasured
over the beam spot area; spot size dianmete2 or spatial nmajor axes of |ess
t han about 50 Am preferably fromabout 10 to 50 Am a repetition rate of
greater than about TSGES:HIEST BESLLTS PNGIPPHR-ELADCEROXY GLABT) BtassibousIDEL ANdHBOLONIDEEVEN 5
kHz; and an ultraviol et SUBSTI TUTE SHEET (RULE 26 WD 96/ 12830

PCT/ US95/ 084y4 14 J\@I\_/el.en‘gth prefefably be hout 193 to [355 nm
: : i i [] L P. T T
Ski |l ed perspag, | i S0 appribhat b 1232 m ¢ at°ta ¢f Tepent|pfreupiesim 6p
I s gener al | ypet++et-ar——Btt—Hpy—be—vpy—sH-g 5
Via dianmeterp preferably ranpe from 25 to 3 ] but ltaser |system 10 jray
produce vias}7 anh A that pfe as prall as 5 Yo 2% At dr fuch
greater tthan{ 1 mm/| Because the preffbrred sp p_of oufput Heam 62 is
about 25 [e_r’]zi n dianeter, lias |alger thah 25 Am may bé¢ _
51 3.21 - 1.6 10 12 2.4
15 : ' . :
3 102 7.8 -- 3.1 5 12 4.
4 51 3.2 . - 2.1 2 : .
20 _ ] 12 7.8 '
5 5 . 100
N/A 4 - pulses 12 15
25 - : .
6 102 -} 7.6 |- 1.5 .6 12 3.8
7 51 3.2 - 1.6
30 3 12 5.3
8 102 8 - | 5 10 112 2
35 9 51 3.2 -- +20 1 12 3.7
40 _ xample 9

With reference to Table 9, through-hole vias were .
produced. on five 9 um thick'layers/four 50 to 150 um thick
layers of PTFE targets having a total thicknéss of about
445 um. The average output power was about 250 mW, fneasured

45 at a reptition rate of 2 kHz.
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10

t hrough-hol e 86 and a blind via 88,

spot size of output

spati al

produced by trepanning,

beam 62. 1

sequentially positioning 20

conti guous | ocations around periphery 92.7

whi | e novi ng gantinl

ouslv. arot

5

region 90 having a periphery 92. Qut
that is less than the area of region 90. Th?

beam 62

respectively,

concentric circle processing,

or spiral
processi ngvO 920 3A and 3B show cutting profiles for fornPOE/USIS08474

that are larger than the

Wth reference to Fig. 3A

t hrough-hol e 86 defines on the surface of electronic device 80 a circular
ut beam 62 has a spot area 94
ugh-hole 86 is forned by

spot area 94 at overl apping

8
il

havi

d&m 62 is preferably pul sed

nd oer|nherv 92-such that the Dulse overl ap

e

—+ W0

(bite size) arjd nunt €Jia 8 mrtg_vcly ong .Qr. pass %ePare orLbl n ofdeliver th
number 25 5 off shgm|pURSES At |edh | o g NeERBSr Y 1D *ﬁm %50
desired dept h jof——cof—After—bgam62 LUHpICLCD a—suffrerentrRtrber—et—passe
about the path prour rlphery 92, tlhe cent et natet al .96 falls ol
to formthroudh- hol éﬁ Thi s process s ca[l _Egbq jtrep Lﬁﬁn JWth
referencelfo Hi blind vila 88 allso defi the surface f target 4
a circular redipn 90 Rlaying afperiphdry 92. Quiput [begm 62 havi f pot ar€g
92 is initiallly positioned at [tTle cerft& 102 Jof regiomuag. SUBSTI E SHEH
(RULE 26)15 '
3 125 gm 2 - .2 k2 10 14 gm 0.46
20
| | Example 10
With reference to Table 10, through-hole vias and
blind vias were produced on 25 um copper/275 um BT glass
25 fiber laminate taréets~ The average output power was
250 mW, measured at a repetition rate of 2 kHz.
TABLE 10:
30 Rep #
Via Diameter Speed Bite Rate Passes Taper Throughput
Sample #| (am) - (mm/s)’ Size (am) (kHz) Cam) "(holes/sec)
MIA DRILLING -
35 re _
1 50 10 _ 2 khz 4 10 um .8
40 2 100 10 _ 2 kiz 4 15 am 0.5
BLIND VIAS DRILLING
45 50 5 _ 2 kHz 1 _ 2.0
100 5 - 2 khz 1 - 0.7
50
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via 88 iwoiwriessd by sequentially positioning beam 62 havi pgTARetngaasEa 94 at
over | appi ng contiguous | ocations along a spiral path 104 to periphery 92.
Beam 62 i s noved continuously or kept at each |ocation for sufficient tinme
5 for system 10 to deliver the nunber of am pul ses necessary to achi eve
the depth of cut at the location. As beam 62 proceeds al ong spiral path

104, the target material pig."8i Pyl 86" eRYEYEQ | g4 ' LNg
size each tine_bea ' %Dved to, a %eM/c%tti%Qég%ggﬁ?oﬁ}&%oéﬂ%ﬁgeiéﬁal

62,18,
shape of the H%+%WFéegbﬁF%Q%dtGﬁeﬂlﬁﬁéﬂgGErﬂB%% of oHlde sPrePeBFar path at
periphery 92. Shvénetopeappbieditd appnmall adtandeér ethbeughenble 6920112

processi ng out e Y. fi r ved relative to the, position of-
the other. 15 b LG @g%%gg?reégg%ﬁégggfff rﬁﬁgﬂgh%}%99¥%§1§n§eB}Fﬁd

vi as ofSvari ouk2@eptWithnve ferencertopfiguctd anlasexnpeocessingfeueput )
substrates ar t g S | | e i t e
3575 WV laser Taancrot | {s Meddtaronsrrsh 3 18per Ioye P 16 Buth fo"enlE
manuf act ur ed seribed Witth £especet o | Filist}i esBeamcl2? niPoditrented at

Oregon. Exanplgudstidte redersosetiond@bi® proxhidughe ol @sefsaimge11 to 5)
and.bl ind vi assérsfa@é ef266 é:‘? 1?3amf{§ in électron-ic device 120.

10 Substrate 124 is preferably positioned so that it is
beneath via 112 such that substrate 124 contacts bottom
surface 128 of layer 68 and covers bottom opening or end ‘l
78 of via 112. Beam 122 travels through top opening or
end 125 of via 112 and is propagated parallel to internal

15 wall surface 126 to strike normal to substrate 124
positioned across bottom opening 78, forming crater 127.

' Substrate 124 includes a plating material that
preferably_éomprises copper, but may comprise a variety of
metals such as aluminum; copper, gold, molybdenum, nickel,

20 palladium, platinum, silver, tin, titanium, tungsten,
metal nitrides, or combinations thereof, or a variety-of

' other materials. skilled persons will appreciate that
substrate 124'may comprise only the plating material or
may comprise a variety of other materials on which the

25 plating material has been positioned.

The relative positioning of substrate 124 and
internal wall surface 126 with respect to each other and
beam 122 prohibits pléting material from building up
around periphery 92 or 129 of top opening 125. Thus, the

30 method of the present invention avoids the formatién of
key hole voids. Furthermore, neither beam controlling
masks nor protective layers need to be positibned above
device 80.
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produced on 190.5 Amthick, three-layered copper/FR4 (a 25 | evel 4
fire-retarWM128xy- gl ass conposition)/copper targets. ThePETASISN$4TENt S
were conducted with a 25 nmlens. Through-holes and blind vias having a

di aneter | arger than 51 Am were produced by concentric circles with a 10 mm
pitch. The average power was set at 260 mW 3f} neasured at 2 kHz.

SUBSTI TUTE SHEET (RULE 26) © ‘i WD 96/ 12830

PCT/ US95/ 08474 .16 TABLE 1: F6£SV1EESU&ISh€M1ﬁ§PEEB&ERétGEPEEB 0¥B3ESEUtRan

SHEET (RULE 26) / 83
BT Ustny 0848 1PREE SP AP0, heam spot sz 1381 £°25°BPFREA £8s Bfer e
produced on two 8k hﬁhggYole§56thﬁntﬂié@etﬁﬁrééﬁba9edeuheobpem/éﬁdxysglass

pr epeg/ copper t asiﬁloﬁéaseoﬁceﬁﬁﬁseammytﬁlwﬁiﬁ 9Qadﬂ§§ed Pb&hvaaéolqw
|l ens. Sapple 1 +Rreemstlngﬁv as rougg one of the cog e l'ayers to

test the fficacy® 9eﬁn@%ﬂﬂe E %ﬁBx?fgg atgrepbgn abou pm, beam

spot size 142 is preferably about 25 um, and a beam
positioning profile similar to that described with respect
to Fig. 3A is employed to plate the internal wall surface
126 of via 114 about its periphery 144.

10 The parameters of beam 122 are selected so that
beam 122 is highly absorbed by the plating material on
substrate 124 or metal layer 68 and causes a rapid,
explosive vaporization of the plating material, generating
micron and submicron vaporization particles that splatter

15 in random directions 146 and become embedded within
internal wall surface 126. The process generates well-
bonded, uniformly coated via internal wall surfaces.

The proximity of the substrate 124 to via 112
and the nature of the laser véporization provide a plating

20 to dielectric material bonding strength that is superior

- to that available through most of the conventional plating
techniques. The characteristics of the laser pulses can
‘be adjusted to modify the thickness of the metal coating.
The process, therefore, allows very small diameter vias to

25 be plated using virtually any metal on v1rtually any
dielectric material

Skilled persons will appreciate that this
plating or preplating process does not require precleaning
or preseeding processes nor does this process require a

30 carefully controlled processing environment such as a
reduced pressure, stoichiometric chemical vapors, or
temperature control of substrate or environment. A single
ablative pass has been demonstrated to provide an adequate
plating thickness of about 1 gsm to eliminate the entire
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material. The 203 Am di aneter vias were produced by spiral cutting to
renove tWOHEEP  al in the center of the 10 via. The avECETWSISNBABY Was
set at 270 miW neasured at a.repetition rate of 2 kHz. TABLE 2: TEST
RESULTS ON COPPER/ EPOXY GLASS PREPEG COPPER 15

Rep Via Dianmeter Speed Bite Rate Passesg Taper Thr oughput Exanple 3
Wth reference to Table 3, through-holes 30 (sanmples 1 to 5) and blind
vias ( sanpl estfaddt 9pnuk| empledsceg- éﬂe&iﬁoi@éé]piﬁtﬂhg bbbees! ayewgedl

conduct ed i t h8 Sh8,£PRAYEELRRTPRREALAGTENA, TSR nS BrRGSEaREen: Fhese
~circles with alasertpdated wiasTare3tmmediatgiypoeady3POrndleoessured at a
SR el ua ST TETRR PR, KRR perdlbid
POLYMERP COPPEFERPEECI 3@t ERat onepegore subseguent ablativeapasses &asses’
Taper Through@uéaﬁéﬁﬁilJLEEbfkﬁfﬁ'éﬁh&ﬁi&@é 124 can be employed to
increase the thickness of the platlng applied to 1nternal
wall surface 126. Furthermore, one or more ablative
- passes may be modified to deposit sufficient plating
10 material to eliminate the need for electrochemical plating
as well. _ _ _ .

The present invention permits vias to be formed
and plated with a single laser system. ' Furthermore, if
complete via filling is required, the same laser system

15 may be employed to planarize or reflow the final amount of
material into the via.  Accordingly; the entire
interconnection_formation process may be achieved with a
single system. The processes can be manipulated so that
they are rapidly sequential.

20 The laser plating process allows a high degree

| of control. If greater hole conductivity is required to
~ease electroplating processing conditions, the number of
passes, number of pulses, or the peék-power per pulse can
be increased. For higher aspect ratio holes (or on

25 thicker materials), the peak power can be increased to
cause greater dispersion in the vaporized metals. For
plating small aspect blind vias, trepanning near the
diameter of the via with low peak power would be
preferable. For various laminate materials, the laser

‘30 -condition can be optimized to increase adhesion or reduce
penetration of the metal particles. For very small holes,
the laser optics could be varied down to the fundamental
limits in the 1-10 um range. '
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WD 96/ 12830 _

PCT/ US95/ OWOA6/12830Exanpl e 4 Wth reference to Table 4, throRFVURISEATICI €
produced on two sanples of 533 Amthick, two-layered 5 copper - cl ad,

gl ass-reinforced polyimde targets. TABLE 4: TEST RESULTS ON COPPER- CLAD,
GLASS- REI NFORCED POLYAM DE Rep 1 O 2 a D ameter Speed Bite

Rat e Passes Taper Throughput Exanple 5 Wth reference to Table 5,

t hr ough- hol es were produceSkmh1§54pénsbhsck;liwapbageiadegthas many laser

fiber-reinforcedg f gﬁgeaﬁatgrw1é% r-r ft8e§% ggga@géeé Q?;EBQ?SIe of

two-| ayered 25 ass orce anat € " es
These exper|nent%xnb¢§1$%1Yotn§uSﬁﬁrnlaQZEIQﬁingcmatEEmgihfremsareubbtrage

in an effective @rpoinsiﬁEePﬁaﬁbQHilZéuéﬁhﬁégeh?ﬁg{rt@ﬁe REURL pAS -2 S0nBlAL -

measur ed at a repetition rate_of about roug Dl es were
trepanned® 30 TABREAEIORESHVRERELT PWIEEE ARLE (PFBERYERAPONDER) - REI NFORCED

CYANATE ESTER 45 SUBSTI TUTSk£HEEd H&EKkEnE6will ¥0s864pgBéBiate that a
PCT/U895/08474 variety of different substrates 124 may be sequentially
- ablated (with the same or different laser parameters) onto
internal wall surface 126. For example, one or several
10 ablative passes over a copper substrate 126 may be
followed by one or several ablative passes over a tin
substrate 126. Tin or other metal coatings might be
applied to cover and protect a metallic plating from
subsequent MCM production steps, environmental
15 degradation, or intermetallic formations. These metal
coating processes have been traditionally accomplished
through electrochemical plating or CVD processes.
The method for plating blind vias 114 does not
employ an external substrate 124. Beam 122 may instead be
20 directed at the bottommost metal layer 68, part of which
may be sacrificially ablated to plate blind via 114.
Manufacturers of electronic devices may choose to produce
thicker bottom metal layers 68 to advantageously practice
-this blind via plating technique.
25 . Several examples of via plating are set forth
below. The plating process was performed by a Model 4575
UV laser (generally at 266 nm) in a Model 4420 laser
system manufactured by Electro Scientific Industries, Inc.
in Portland, Oregon. '
30 | Example 11 |
' ' One hundred 100 um-diameter through-holes in an
electronic device comprising 18 um thick copper-clad, 100
pm polyimide with glass fibers were plated by trepanning
~ about the perimeter of an 80 um-diameter, generally
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20 Exanple 6 Wth reference to Table 6, through-holes were produced on 100
Am t hi ck WQ @12B¥yer ed epoxy gl ass with 18 Am copper (Hi - TCTmSIsHo84T4act i onal
Nor pl ex Cak) (sanple 1) and 5 50 Amthick, two-layered aram d reinforced
epoxy with 9.0 [err] copper (sanples 2 to 3) targets. These experinents
“were conducted with a 25 nmfocal length lepg resulting in an effective
spot size of 25 Am The through-holes were trepanned. The average out put
power was 270 @dhc@kidice@didic1t0 ond af eRpipelr Slbsttatel Qééi'ﬂ&onwlbzer@ath
TEST RESULTS C@ COPRER- CLAD, OXY _GLASS OR_ARAM D _EPQO Reprxanple 7 30
Wth reference 08 TASCETPRIHSSTG 0l d88EFEPIPRIES ¥ash PEEIATMES din
FR4/ 18 Am coppéivespagises at 3boutSph, mafe at2 aArepeitdic ichwratey of ot xgie)

FRA/ 18 Am cOpPghd( aaMal/arake pBURTS oX B80! HRI! S THE! BEAIUIC LYl 3 25 m

focal length lens resultin an effective spot size 5 [err]
The t hr §ugh- hoRBSUfetaTere pPerTRecons-agdheuresissence BaeroBE0 ting/ '
neasured at a eBReknklsen ofat®ieOkl2ctoniSUBETHEE aSHEE D s( R - Betdre A0
96/ 12830 ' S95/ 08474

‘plating process and was 60-9waft2%T§Yat1ng. The resulting
plating was estimated to have a thickness of about 1 um.
| . Example 12
10 One hundred 100 um-diameter through-holes in an
electronic dewvice comprising 18 um thick copper-cléd, 100
pm polyimide with glass fibers weré'plated by trepanning 'l
about the perimeter of a 70 um-diameter, generally
concentric circle on a copper substrate positioned beneath
15 the electronic device. The trepanning was performed in 10
passes at about 5 mm/s at a repetition rate of 2 kHz and
an average power of 250 mW. ‘The process averaged about
1.7 holes per second. The resistance across the thickness
of the electronic device was 1.75 kQ before the plating

20 process and was 0.7 Q after plating. The resulting
plating was estimated to have a thickness of about 1 um.
Exam 1

One hundred 250 um-diameter through-holes in an
electronic device comprising 18 um thick copper-clad, 290
25 um thick FR4 (a level 4 fire-retardant epoxy-glass
composition) were plated by trepanning about the perimeter
of a 200 um-diameter, generally concentric circle on a
copper substrate positioned beneath the electronic device.
The trepanning was performed in 50 passes at about 15 mm/s
30 at a repetition rate 1.5 kHz. The average power was set
at 290 mW, measured at 2 kHz. The process averaged about
-one-half hole per second. The resistance across the
thickness of the electronic device was 1.75 kQ before the
'plating process and was 0.35 Q after plating. ' The
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21 TABLE 7; TEST RESULTS ON COPPER- CLAD FR4 Rep Exanple 8 25 Wth
reference WO4B#38 8, through-hole vias and blind vias wer e BGTHRRISB# 7S

t hree-l ayered, 305 Am epoxy gl ass/ 18 Am copper (sanples 1, 2, 8);

three-1 ayered, 102 Am epoxy gl ass/ 18 Am copper (sanples 3 to 5); and

t hree-1ayered gl ass polyi m de/ 18 Am copper (seples 6, 7, 9) targets. 30
These experinments were perforned with a 25 mmfocal length-lens resulting
in an effective spsultnng plagingnwashesthmatigh- hol bavecaecthiekaessdoft a

uni f orm power . V|as were produced by processing the organic
dielectric and t e netal éers at different peak powers. The average 35
out put power was 225 mwy nEkidled mergopepWiidi aRPracéase EhRFIthSEUBSTI TUTE

SHEET (RULE 26) dowM¥hD&/ BE888trikes on bottom-positioned
PCT/USQ%E98474 22 TABLE, 8: TEST RESULTS ON AD EPOX GLAgS GLASS

POLYI M AND PRRYPREPES BpS\PReErafeter OFL- §b§egléa“‘ strgkeg may be
Rat e Passesmploye&aperadjuihrbhghpntfﬁtmhtyebéreheepﬂatIaglde9951ted

Eggg]ugphlhg'ke Viagnehe PhOAYASY @010 ¥GrPabEE.! BERGHak3Ye 8kG94ea>DelBok]
will appreciate that processing beam 122 may be directed
through vias 112 and 114 from below to ablate a top-

10 positioned plating material, or the process may be
conducted sideways or at various orientations.
Furthermore, after a first ablative pass through one
opening, very high aspect ratio through-holes might be
more efficiently processed by subsequently performing a

15 - second ablative pass through the opposite opening. Thus,
lasers (and substrates alternately) could be positioned on
either side of the device, or the device could be flipped
between such alternate passes. Skilled persons will also -
appreciate that the method of the present invention may

20 - also be employed to plate square or other noncircular-
shaped vias.

It will be obvious to those having skill in the
art that wvarious changes may be made in the details of the
above-described embodiment of the present invention

25 without departing from the underlying principles thereof.
The scope of the present invention should, therefore, be
determined only by the following claims.
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| ayers of PTFE ta[gets'having a total thickness of about 445 [err] The
aver age O peit283bwer vvas about 250 W neasured 15 at a RCXMI$9ISIO8474r at e of

2 kHz. SUBSTI TUTE S WD 96/ 12830
PCT/ US95/ 08474 23 H (H\mfarrpl e 10 Wth'reference to Tabl e 10,
t hrough- hol e vias an |n e produggd on 25 [err] copper/275 [err]

BT gl ass 25 fiber |aminate targets. The average out put power was 250 mW
measured at a repetition rate of 2 kHz. Eggggmgo SUBSTI TUTE SHEET ( RULE

26) WD 96/ 12830 [ USQ5/ 00474 24
Fig. 4 is an enlarged seétiofaPeiPgs éFﬁvsﬁﬁﬁﬁnS}Eﬁ &8&9&5%%;“@&3 pl ating
process of thespréaeatoﬁnaewuaomhappgheattdeassnahb dageet of shdewdleehol e

via 112 _ having multiple layers, comprisingi::
5 generating a laser output!
directing the laser output through the via

toward a substrate having an electrically conductlve
plating material positioned in prox1m1ty to the 1nterna1
wall surface of the via; and N o

10 Co ablating the plating matéﬁial'from the substrate

and depositing the plating material on the internal wall
surface of the via in an amount sufficient to form an ‘!
electrically conductive interconnection between the
layers. | : __ﬁ

15 ' 2. The method of claim I'in which the substrate

comprises part of the device. s .
3. The method of claim 1. in which the substrate
is separate from the device. : :
4. The method of claim 1 in which the laser

20 ~output has a spot area and the via has a diameter greater
than that of the spot area.

5. The method of claim 1 in which the via has a
diameter smaller than about 250 um. '

6. The method of claim 1 further comprising:

25 directing the laser output in the form of
~ multiple output pulses sequentially at plating material

along and within a circumference defined by the internal
wall surface of the via to plate thé internal wall surface
of a cylinder defined by the via.

30 7. The method of claim 1 in which the laser
output comprises one or more pulsesjhaving a spot area, a
wavelength shorter than about 400 nm, a temporal pulse
width shorter than about 100 ns, and'an average output

This Sheet Has Been Reﬂlat:ed

L
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and a large dianmeter blind via 114 in an electronic device 5 120. Wth
ref er ence WO 95128304, Qg out put beam 122 is HEHAISAS0R474 r om a
| aser system 10 such ﬂ“ﬂwmmz&ﬂﬂ with respect .to Fig. 1. Beam 122 is
directed at substrate 24cposits oned«I'n proximty®to internal wall surface

126 of via 112 in electronic device 120. 10 37 Substrate 124 is preferably
positioned so that it is beneath via 112 such that substrate 124 contacts

bottom surface swef dRYPFedfeBNEhLHOVASSUDOL SO MW IRELSErEd SPEr 78nef spbe
112. Beam 122 travels through top opening or end 125 of via 112 and is

propagat ed paral?&2to internal wall surface 126 to strike normal to
substrate 124 positioned atroSEhéumethm®p®ﬁ|c¢p1ﬂ81 iwrwhichcthé¢ einf@r¥nal

substrate 124 1 gl yon,Bepl ot Ao Ppies | & 100, PERL of L. COEPA| S82-CREPE!

but may conprise a vari un1nun1 co
nmol ybdenu®n ni ckehembmal commirammn ﬁ@humrsiwbudlmnoneuoﬁnthen

tungsten, netal giiydwesy &Eerﬁ%@lr@éth 1H1&'i§0f1aﬂro€?¥ﬁiée&¥eﬁéc€£fﬂ€r

materials. Skilled persons preC|ate t hat , substr conpri se

only the platingiaaekah %wr%%& $1e materialy or %t%%?a%a?ﬁrlals on
whi ch the 25 comﬁiﬁaﬁibﬁﬁﬁﬁﬁméﬁabﬁs been positioned. The relative

positLon na of substiate g4 e LSO Mol B4 208 IZDCH Hher SaeRL ol
peri pheryo 92 or diledttip ngeerigl 126. sdbested hEr&0 benzoopthobubéanehe
present 'nvent'cgkfﬁ“”§§i§fmié8§naéb&ﬁhé@ BT, phenolics, cyanate esters,

: paper, cardboard, or combinations thereof; the
reinforcement material is selected from glass, aramid
fibers, Kevlar TM, ceramics, or combinations thereof; and

15 the metal is selected from aluminum, copper, gold,
molybdenum, nickel, palladium, platinum, silver, titanium,
| tungsten, or combinations thereof.
10. The method of claim 1 in which the
_ wavelength of the laser output is within a range of about
20 180-400 nm. '

"11. The method of claim 1 in which the laser
output comprises several pulses that are employed to plate
the internal wall surface.

12. The method of claim 1 in which the laser

. 25 output is generated by a solid-state laser.

13. The method of claim 1 in which the internal
wall surface has a depth of greater than 25 um.

14. The method of claim 12 in which the solid-

. state laser is selected from the group of Nd: YAG, Nd:YLF, |
30 Nd:YAP, and Nd:YVO,.

'15. The method of claim 1 in whlch the metal is
. selected from aluminum, copper, gold, molybdenum, nickel,
palladium, platinum, silver, tin, titanium, tungsten, or
combinations thereof.
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key hole voids. Furthernore, nerther beam controlling masks nor protective

| ayer s nw€x96(13839e p VI ce 80. SUBSTI TUTE 9dEATS9$/08424 26)
WO 96/ 12830 “‘“ﬂm ! ﬂ 1” . _PCT/US95/ 0474 25 For

viias 112 having a dlaﬂeterL l'ess than about 50 Am a beam spot size
132 is selected to be slightly Iess t han di ter 130, and the beam 122 is -
positioned concentrically within via 112. For vias 114 5 havi ng a

di aneter 140 of greater fgpan @quﬁ PRolebE] Qggﬂ]ﬁﬂog S 424 LS
preferably about 25 Am _and a ean?gogltlonfn profil 2 gﬁﬁfﬁ ghb l?ﬁef

descri bed mnthoFEEBEcPutﬁe?|3r93ﬁ9P rarpfodkd tEeBPE%ElPﬁerFﬁﬁePﬁal wal |
surface 126 ofgreatétdthnuabotus mekHﬁhery 144. 10 The

paraneters of beam 122 arg se t I s, high absor bed by
the plating material on %stt#gé 8%528 QﬁEngﬁ?a et™ ghéﬁﬂ téﬁs?g ©f rapid,
expl osi §e vaporreatisnlesst hbap| abouy Fft gmi 4h, djametering ni cron and

subm cron vapori zation pggtlc@ﬁé ﬁg@ﬁoapggt&§51$59 in E%EC§aEH8leEE§Ct|0nS

146 and becone enbedded within internal wall surface rocess
gener at es melI°uﬁBHGeBasuﬁ|?B?ﬁ1§r€6a?69 the Vﬁ?ehﬂﬁlamﬁ¥§m§E¢¥a€§§at¢ne

proximty of ttfigasubhitadbf €BE SpPoti 8rdd?
_ 19. The method of claim 1 in which the device
10 comprises an MCM, BGA, PGA, or a hybrid or semiconductor
microcircuit. _ S
20. The method of claim 1 in which the via has
a diameter and a depth that is greater than five times the
- diameter. : ' _
15 - 21. The method of claim 1 in which the via is
' formed by a laser prior to plating.
22. The method of claim 21 in which via
formation comprises: o
| - generating a first laser output having a first
20 spot area; and | |
applying the first laser output to the device so
that the laser output removes_at least two layers within
the first spot area to form a via having an internal wall
surface, an open end, and an opposite end.
25 23. The method of claim 21 in which via plating
 is followed by a laser reflow process.
- 24. The method of claim 1 in which the plating
material is a first plating material, further comprising:
subsequently positioning a second material in
30 '~ proximity to the internal wall surface of the via;
generating a second laser output;
directing the second laser output through the |
via toward the second plating material; and
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and the nature of the | aser vaporization provide a plating 20 ~to

di el ect ri VRE¢1383Y boﬂwm, lﬂl!mﬂ'ﬂmngt i s superior to t hBETASA84M e

t hrough nost of the convk ci nANRlnN i* techni ques. The characteristics of

the | aser pul ses can be adjusted to nodify the.thickness of the netal

coating. The process, therefore, allows veryagmall dianeter vias to 25

be plated using virtually any nmetal on virtually any dielectric material.

Skilled persons will appreabltindathd Becqiditput ing Mg 24D 0afd Ocess

does not requir l.eani ng. o edi r es nar_do this process
SRS W Syt R LR RN eteriaT alednde "

require a 30 carefu contto p oceéélng
reduced pressur eovaringitdietintexishivwall \@ipofage orsuchpehat utlee coedond of

substrate or enyy R tnatdsSido!l £ dsdd : ntilﬁﬁ'p: d&;@f@ 0
provi de an adeq\t?ate ﬁtni‘ang ?hél?%kness 1%% %tﬁeoddfﬁi 51?15%0 el 1Tm na eé{%lé@g%%i re
SUBSTI TUFE SHEEPRORSGE Jhe fixgh guiating material from a subsequent

PCT/ US95/ 08474 Zrddexbirdgpnleptul tistep el ectrol ess plating proces as well

are immediately ready for B ects NRRELE FIATHAA |5 JEThESELTRE
persons wil | ap@nekisscnd gilating matmeei sl sorp aii £ Sdxtrent wea pessels on
| selected from aluminum, copper, gold, molybdenum, nickel,
10 palladium, platinum, silver, tin, titanium, tungsten, or
combinations thereof.

26. The method of claim 1 further comprising:
electrochemically plating the electrically
conductive interconnection.

15 . 27.. A multilayered electronic device comprising
at least one via plated in accordance with the method of
claim 1. ' '

28. A method for laser processing a
multilayered device including at least two layers having

20 different chemical compositions, comprising:

generating a first laser output having a spot
area;

applying the first laser output to the device so
that the laser output removes at least two layers within

25 the spot area to form a via having an internal wall
surface, an open end, and an opposite end;

generating a second laser output;
directing the second laser output through the

' open end of the via toward a substrate having an

30 electrically conductive material positioned across the
opposite end of the via; and

ablating the plating material from the substrate
and depositing the plating material on the internal wall
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the sane or a repl aced substrate t24—ean be enpl oyed to increase the

t hi cknes¥0@86/1283¢ pl| a?' ' i nternal wall surfacePCPESISUBATdher nor e,
one or nore ablative “ﬂmm'”)m&@ﬁgmdl fied to deposit sufficient plating

10 material to el m hatle ™he's - for electrochemical plating as well.
The present invention permts vias to be fggmed and plated with a single

| aser system Furthernore, if conplete via filling is required, the sane

! aser system urfacetme hﬂaAernﬁaémdlatro SNANRS i SAE flciledit A s ia[‘?' armount
of material intQ via.. Accordingly, the entire.interconnection formation
process may bgogng“ce o F \/ﬂtf?racmﬁrh%ee&% -eettﬁeenl'%@epr]t?é’&ﬁsé's can be

mani pul ated so that they%re Thepimdthabmpferliadm 280 in which the filhe | aser -

pl ating process £lddis @ ][fygﬂ} dRe: é)fccﬁ:fiﬂ:tirs@ orld ¥ GRl& Lpg.ﬁ.lcﬁe? ons. the

conductivity is requiredto ease €l ectroplating processing
nunber %of pas$eyingmdavslengtde shaptemdhasmiabesiterd Qe mmulas & amportal
i ncreased. Fopis@h/i #IP¥Hortly THM ¥bdu¥ 19 %3, and !axpwef%eerl al's),

t he peak power can be incregsed tq cause gr%ater di spersion 1 n tHhe
vapori zed met SNEPUERPIWeR iqa% anRater; 3Rquty A0 W measunachPYRIar t he
di ameter of tkhevispaviadl lspstpadesnoner woul d be preferabl e. For various

adnesi on or reduce’ penetiit | oM BRI IR 28 a5 MR Fhe daet °°°
hol es 10 he | adeseapioutputoHapinrises iaedeties tof phd sendandiuml a via
having a greater diameter than that of the spot area and
the second laser output comprises a series of pulses to ' ‘
plate the via.

_
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limts in the 1-10 Amrange. SUBSTI TUTE SHEET ( RULE 26) WO 96/ 12830

PCT/ US95/ OWO7A6/128305K | | ed persons wi || appreci ate that nmany PCIAIS95/68434 ens
and a wi de range of beam paraneters are capable of explosively transferring
plating material froma substrate to an internal wall surface; however,

hi gh- power, short- 5 durati on, }aze pul ses are preferred. Skil I ed
persons will also appreciate that a vl y of different substrates 124 may
be sequentially ablated (with the sane or different |aser paraneters) onto
internal wall surface 126. For exanple, one or several 10 abl ative

passes over a copper substrate 126 may be followed by one or several

abl ati ve passes over a tin substrate 126 Ti,n or other nmetal coatings m ght
be applied to cover and protect a rreta }zﬂ ating from subsequent MCM
production steps, environnmental 15,~~ degf adation, or internetallic

formations. These netal coating focesses/have been traditional | y
acconpl i shed t hrough el ectrochen‘ir(gato . @“ r CVD processes. The nethod
for plating blind vias 114 does t Yenpl /N' external substrate 124. Beam
122 may i nstead be 20 di rect/ d at /, b9 tommost netal |ayer 68, part
of which / ‘
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may be sacrificially ablated to plate blind via 114. Manufacturers of

el ectroni cRWREY may choose to produce thicker bottom net RCHUEEISN84768 t O
advant ageously practice this blind via plating technique. 25

Several exanples of via plating are set forth below The plating process
was performed by a Mbdel 4575 W | as@r/(denerally at 266 nn) in a Mdel
4420 | aser system manufactured by Electro Scientific Industries, Inc. in
Portl and, Oregon. 30 Exanpl e 11 One hundred
100 [err] through-holes in an el ectronic device conprising 18 Amthick
copper-clad, 100 [err] polyimde with glass fibers were plated by

t repanni ng a (=t D) perineter of an 80 [err] _qgenerally SUBSTI TUTE SHEET
(RULE 26) 30 ¢ alrhs—4T A “hod TOT plghi ng an I Nteraal wal | surface of
a via through af Iggsi7@dne 4@y of a devyce ha@ng/4ul tiphelayers,
conpri si ng: 77geneyati Q frop*a sol fjid- sy at g ser a mgser

out put of at, 9 N a0 07 ‘=I.’!4lvil‘:1.v”"‘.ﬂ"“‘":‘-“l‘fvr’. SOQLALSHoLt er t han
400 nm a t e[RRI R AR SO s, i€t erveeiegy out put

S S S S L B T Y TS
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greater than 100. MV rreasured over the spot area; PLACENHHWPSkmﬂﬁexning
the | aser output through the via toward a substrate HQV|ug fh—e rically
conductive plating naterial positioned in proximtf %,ihe interral]-wal |
surface of the via; and ablating the plating naterl £ JHNtBB sybdtrate i s
with a force sufficient to enbed microneter-sized pacticles of tHe|plating
material into'the internal wall surface of tQe vija in an anount sufjficient
to forman.electrically conductive interconnecti orbetween~the—taydrs. 20
2. The net hod epproximately whixchimee sheswvoiumecoffpai'sda.parheof the
devi ce. 3. The : .C ' ) e:sl.s trate from -
t he devi ce: %EEQESPQ%S h%bqbélﬁglwphg%ﬁ?g% ?Hgiggga gsséigg 8i 5Ret er
greater than th&ﬁcbﬁn9ﬁe9§§oﬁn§r€§aC§antTh@Sﬁdﬁh§beoVielaiAthna whi ch the
via has a di aneaeeneteirkenaar2blafenbut 1380 R 0dng" gﬁhahﬁalrfeaéf-,gﬁ&
conprising: directi ggt laser out g form of e out put
pul ses sequent i §KEP FPHSSNQFQ PﬁPc§F Ngl§ﬁaaﬁFﬂﬁFﬁ éné|9€Hﬁ¥éléMce
defined by the unfeasablualkesuﬂt&ng @h pbervicaveeagkab€ the vhheingbrnah!
surface of a Cy|éﬂge%g%%f'”ed by the via. 7. The nethod of claim1l1-in

whi ch the via ha BSSth to di aneter aspect ratio greater than 1.
A.typlcal electroless copper process line

includes approximately 30 tanks, each containing-over 380
10 liters (100 gallons) of chemical solutions, that are
sequentially connected together by a conveyor handling
system. The process includes precleaning, surface
activation, and electroless copper deposition steps. The
entire ﬁrécess line is typically 18.29-30.48 meters(60-100
i 15 feet) long, and the equipment costs approximately
,$250 000. The various chemical solutions may cost up to
‘about $79/11ter {$300/gallon).
Electrochemical plating is the industry-
preferred method for plating vias. The electrochemical
20 plating process places a charge across the outer layers of
the via while the 'electronic device is submersed- in a .
plating bath of a copper solution. The copper ions are
galvanically attracted to and cling to the via internal
wall surfaces. This process is limited by its speed and
25 the access that the electrolyte solution has to the -
“internal wall surfaces. Thus, the vias are not totally
filled. a variety of other methods for creating
electrical interconnects adopted from the hybrid circuit
and semiconductor industries, some of which are described
30. below, have also been used for preplating and then
followed by electrochemical plating. |
Plating has also been accomplished by
application of a variety of organometallic solid- or
liquid-phase compositions. The compositions, such as
35 conductive pastes, are either squeezed into the vias or
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PDX4- 35585. 1 268600033 AMENDED SHEET. © 31 8. The nethod of.claim1.in :#%%
which the internal wall surface conprises at -least two Iayérs"of_diffefehf'
chem cal conpositions, each |ayer including one of the follow ng chem cal
conpositions: an organic.dielectric 5 material, a reinforcenent material,
or a netal or conbination of netals. 9. The nmethod of claim8 in which the
organic dielectric material is selected from Benzocycl obut ane, PTFE,

pol yi m des., epoxies, BT, phengl| anate esters aper r dboard,
or combi nations thereof; tH& F&] ﬁ’g' ,,rb%g#éﬁt PRRESSES® ieél%;a%e&e&? %‘%&‘ﬂ § ass,
aram d fibers, Kéubar $hurcer &oi byealr aparbi vagames neterlddic; madecliesnet al:
Is selected fro LRU ek, 108! I ' l. pahladi
pl ati num silver?gb??gﬁigﬁlﬁﬁgﬂ ?a%gstgﬁ,ggsxgg%%#%%f#%ﬁég¥%ereo .%T%El The
met hod of cl ai m relaagmbchheherganérenginculest pad lessiesothgumetalsi:t htn a
range of 180 gnMm {9 kgsy bEaRefQ9sNRhvelbelhe dBRLRA¢ R i6) #Tsl maRnahi ch the
| aser 20 output conprises_several pulses that are enployed to_plate the
internal wall' surface. Another method uses an XeCl excimer laser at
) B 308_nm,to planarize a top aluminum layer causing melted
aluminum to flow into vias creating interconnections as
described .by Bachmann in "Physical Concepts of Materials
10 for Novel Optoelectronic Deviée_Applications,“ SPIE,
Vol. I361; 1990, at 500-11
Excimer lasers have also been employed to

enhance PVD sputtering processes at very low power and
repetition rates to produce thin films of several
"15 " materials. Further details concerning this technique can
~.be found in "Pulsed Laser Deposition of Thin Metallic

- Alloys," Appl.. Phys. Lett., Vol. 62, No. 19, May 10, 1993,
by Krebs and Bremeré. -Skilled persons will appreciate
that the cleaning, preplating, and planarizing techniques

20 described above are all relatively slow batch processes,
requiring expensive baths, masks, or postprocessing. , In
addition to being expensive and largely inefficient, most
of the plating techniques require both a cleansing as well
as a préplating process. .

25 In IBM Technical Disclosure Bulletin, Vol. 11,

- No. 5, page 540 (1988), Potts and Speicher employ a laser
to create a'thfough hole in a substrate and -vaporize
material of a nobel metal positioned adjécent to the
substrate. The vaporized nobel metal condenses to plate

30 the through hole. _

In U.S. Patent No. 3,562,009, Cranston et al.
employ ten 1.4 millisecond, one joule pulses from a ruby
laser to create a 25.4 um diameter hole in 635 um thick
alumina ceramic substrate and vaporize and reflow material

35 into the bore hole from 254-889 um thick copper, aluminum,
FE REPLACEMENT SHEET
| 2 0 AUG 1996
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12.° The *met hod of claim 1 in which submnicroneter-sized partlcles of th

plating material are enbedded into the internal: wall surface of the via. g

13. The nethod of claim1 in which the internal wall surface has a depth
of greater than 25 Am 14. The nethod-of claim 12 in which the solid- state
‘laser is selected fromthe group of Nd: YAG Nd: YLF, Nd:.YAP, and Nd: YVO4. '
30. ) -15. The nethod of claim1 in U%lch t he platlng naterlal S

a netal selectedg %rQ€£f+2€§5ugke89p?8£lsgﬁég%tggh¥adggﬂﬂhtﬂngﬁ JFubstrate.

pal l adium platinum silver, tin or co
t her eof . PDX4- 3568813tOR88D- @bBSalSOSQGR@rtTﬁbenﬁﬁhoqfoancehthIQmhewtm th

the | aser OUtpUtb@#ésﬁﬁdaéfaﬁénﬁﬁét@Hréugﬁ hEpeLition rate of greater than
1 kHz. 17. . The nethod of _claim1l1 in t he spot area is less than

50 Amin dianeter. 18. Th%nH%?ﬁ%ﬂno?u%$é?ﬂ¥9°FnNﬂhlEﬁ 2helPalde? But pRehhas
a-spot area and &M&. mm:h@@ enplieyes efigseat 0 hhapobbabnQf phige sgpt oﬁéea

19. The met hod of c 1 Inuﬁh% h %hgeg V|f§ 19 conPrlges an MCM BGA,
PGA, or.a hybrlcp?H %%ﬁ% H ymium laser to bore a 200 “m
dlameter hole in 7 mm thick Al,0, ceramic. A second-
equivalent pulse is employed to vacuum deposit, onto the
internal surface of the bore hole, material from adjacent
10 layers cf 50 um'thick aluminum foil and copper sheet métal
posititoned sequentially immediately below the bore hole.
These methods involve relatively slow thermal
reflow processes that would thermally damage polymer
. materials. The industry needs, therefore, faster and more
"5 efficient via plating and/or prepiating processes that
_:minimize the tooling as well as the steps for plating vias
. Eemprising-a-widg variety of sizes and internal wall
materials. - -
Summary of the Invention
20 An object of the present invention is,
therefore, to provide a laser system and method, for
preplating and/or plating internal wall surfaces of
multilayereq_electronic devices.
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mcrocircuit. 20. The nethod of claim1l in which the via has a di aneter and

a depth that is greater than five tinmes the dianeter.- 15 21. The
method of claim1 in which the viais formed by a laser prior to plating.
22. :The method of claim21 in which-via formation conprises: -generating

a first laser output having a first 20 spot area; and applying the first

| aser output to the device so that the |aser goutput renoves at |east two

| ayers within the first spot area to forma via having an internal wall
surface, an open end, and an opposite end. 25 - © 23. The nethod of

claim1 in which the IaserTh%u e%'*&'é. r:ht régnﬁafslcé[ tﬁ)a repeti Ltion rate

of greater -than 1 kHz, the Vi t he spot
area, the via ditdasmal |®%|ﬁ1ﬁsé+catlh@rromsAmatthw \whanatdhea adapyienttional

di anet er aspect dradni®al0 @1%@&*01%‘3.’& 1 ot é}%ﬁ-ld nt&r wﬁ)t'lcsg,&fo%%%s@ass
a-depth of greater.than ‘257Am further conprl ocC Il

ol ating the 2l et RISy thendmternali waddc lﬂ%’é-(‘fl}é-ﬁﬁ’etr@dt he step
of abl ati hg and eliddtaidnian devticieeani mxmecim&eqr tMeE@x%Tde% HesShHRR:

PDX4- 35585; 1 268%Ru9%?% highly controlled or complex environment such as
a vacuum, chemical solutions, or organo-metallic vapors.
In contradistinction, the invention employs laser output
10 pulses to heat and explosively vaporize metal in proximity
to the internal wall surface of a multilayered electronic
device, particularly that of a via.
A preferred embodiment of the present invention
: quadrupieé the frequency of the output of a continuously
'is ) pumped, Q-switched, Nd:YAG laser to generate ultraviolet °
.1light output pulses at a high repetition rate. The laser
'pﬁlses iffédiéﬁe'a metallic plating material, such as |
copper, from a target substrate located beneath an
unplated via. The short duration ultraviolet laser pulses
20 are highly absorbed by the metal and cause a rapid,
explosive vaporization that causes micrometer amd
submicrometer metallic vaporization particles to splatter
against the internal wall surface of the via. The
particles impact the softer dielectric material along the
25 internal wall surfaces of the vias and become physically
" imbedded along the wall surfaces by the heat and velocity
as well as adhere to the ends of the metal layers.  The
process generates unlformly coated via 1nterna1 wall
surfaces having significant bonding strength to the
30. dielectric material. .The characteristics of the laser
pulses can be adjusted to select the thickness of the
metal coating.r The process, therefore, allows high aspect
ratio vias to be pre-plated and/or plated using virtually
any metal on virtually any dielectric.
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33 24. The method of claim 1 in which the plating nater ISy
pl ating materi al-—further conprising:- subsequent!|y posi HEBhAC *N$dﬁﬂﬂﬂ'
of the 5

plating material in lJirﬁommty to the internal wall surfpc

enerating a seco dlrectlng_the second | ake: ghrOLgh
: o mtmﬂlumm material; and abl atin Q(PKUBLH 9

the via toward. th he second”pl gt ilng

materi'al and |10 dep05|t|ng i t° over t he flrsg pl ati ng t ) -
covering the internal wall surface, such that t he seco plating materi al

is deposited in an anount sufficient to pmxmiyast:he flrst platlng nater
hod. of claim

f b t processin
Zzorhamzfcaegﬁgnflfst .an ge dﬂgtﬁ?gtfﬂﬁ B%f%ipglgnaFBtﬁFFF r¥Atlnaterial s
sel ect ed fron1a$wmfmua]of0@pe1a gotdughohy blieast) oneckayerpsaf! adasw ce

platinum silv st opbi nati ons thereof. 20
26. The nmet ho ¥£ﬁ$§T %ﬁgtrg%%égg%hpg Pisg%?ectrochentcally pl ati ng

the electriéally conduct|9Qn¢¥ﬂ¢¢@@nﬁEQm|@nsshbéeqUQhe las¢heasiapenf
abl ating :and widxpile A |4Y CTeEdE She 651 4 RAVPREPL )00 SEER; a

wavelength shorter than 400 nm, a temporal pulse w1dth

shorter than 100 ns, and an average output power of
greater théh'lOO.mW measured over the spot area;:

10 directing the laser output through the via
toward a substrate having an electrically conductive
plating material positioned in proximity to the internal
wall surface of the wvia; and

o -‘:ablating the plating material from the substrate

i té " with a force sufficient to embed micrometer-sized
-particles of the platiné material into the internal wall
‘surface of the wia ih an amount sufficient to form an
electrically conductlve interconnection between the
layers.

20 2. The method of claim 1 in which the substrate
comprises part of the device. , '

3. The method of claim 1 in which the substrate
 is separate from the device.
4. The method of claim 1 in which the .via has a

25 diameter greater than that of the spot area.

Co 5. The method of claim 1 in which the via has a
diameter smaller than 250 um.

6. The method of claim 1 further comprising:
directing the laser output in the form of

30 - multiple output pulses sequentially at plating material
along and within a circumference defined by the internal
wall surface of the via to plate the internal wall surface
of a cylinder defined by the via. | |

7. The method of claim 1 in which the via has a

35 depth to diameter aspect ratio greater than 1.
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25 27. A multilayered—etectronic.device ¢ LAQEP.@MI’ S}H’ﬁ’t one ..

via plated in accor gt hod of claim1l. lfaser’
processing a multil Eﬂummm:m W”m%udi ng at |east -t @y&g@ g]30

di fferent -chem cal cdnpbsitionss C rising: generati from Q d sfate

| aser a-first |aser output having a spot area; applyi e

output-to the device so that the |aser outpué r enovey at |east two | aygrs
.wWi t hi n REPLACEMENT SHEET PDX4- 35585.1 26860 633 2 0 AUG T996 AVEND—SHEET

34 the spot area to form aguyi @H@\métguﬁl dﬂtl@iragm Mﬂlmé@%e aih
end an o osite d eratin yomthe soli st ate aser a secon aser
SPPOS G ey e A R LI e S Ay Re e st ond

out put ; . .
of the via tovvaraheanmatilstcrcmp@dmzmwg ,area&ilecitafyé}ﬁlnlnbn&[&i\g:tdnée Jrtayd al

R K A R
5 materlal a’ relnforcement material, or a metal or
combination of metals.

9. The method of claim 8 in which the orgénic
dielectric material is selected from benzocyclobutane,
PTFE, polyimides, epoxies, BT, phenolics, cyanate esters,

10 paper, cardboard, or combinations thereof; the
reinforcement material is selected from glass, aramid
fibers, Kevlar TM, ceramics, or cbmbinations thereof; and
the metal is selected from aluminum, copper, gold,
molybdeﬁuﬁ,-nickél, palladium, platinum, silver, titanium,

'is ) tungsten, or combinations thereof.

Ny _ 10. The method of claim 1 in which the
'WaVelengtHfbf'Ehe.laseﬁ_output is within a range of 180 nm
to less than 400 nm. . '

11. The method of claim 1 in which the laser

20 output comprises several pulses that are employed to plate
the internal wall surface. '

12. The method of claim 1 in which
submicrometexr-sized particles of the plating material are

embedded into the internal wall surface of the via.

25 13. The method of claim 1 in which the internal
‘'wall surface'has a depth of greater than 25 um. _

- 14. The method of claim 12 in which the solid-
state laser is selected from the group of Nd:YAG, Nd:YLF,

Nd:YAP, and Nd:YVO,.

30. 15. The method of claim 1 in whlch the plating
material is a metal selected from aluminum, copper, gold,
molybdenum, nickel, palladium, platinum, silver, tin,
titanium, tungsten, or combinations thereof.

e
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10 wavel engt h sherter—than400 nm a tenporal,pulse mn&g% shoerj tlﬁEETHOO
ns, and an average_out put power of greater thans 100 mV asured over - the
spot area; and ab u‘ﬁgwlﬁl ! g material fromthe Jujst 26t Aiwdy a

force sufficient er-sized .15 particlleg of the platipg
material into the I nt er nal .surface of the via if an AFoum '
sufficient to forma conductive |nterconnect§pn bet wee he | avers. 29.
The nethod of claim28 in which the | aser output pul ses-.are generated al a
repetition rate of 20 greater ﬁ'hbameﬂ;hbﬂzoft Etaa\ihalhais.rﬁwﬂﬂléﬁeggg [fléﬁé;re{h
than that of. the the via IS sma r, t han err e
via and a depthoyggaiaﬁgﬁgﬁsaEESC?epgfﬁgngrEﬁtérrFP&ﬁ %lognaaFﬁeOFnternal
wal | surface hagreatiept bhah §rkHtzer than 25 Am further conprising: 25
el ectrochem cal ly pl ati ngqthe C C ti [0 CtIO g
151, &he t&tﬁ | ¥ 8tgt& n' BhICROPRECLLER | .

wi-t hout an intervening seedlng
28 in whi chSthearppsis| 468F b @Euﬁocéﬁpinsésaae§srles of pulses to.forma

via 30- having a greatersglangher nkbAgal B2t c9kikhg apouhae§atﬁgdla§§r
second | aser out conpri ses a series of Eu ses to e via The
met hod of claln?EEPPh ﬁg?cﬁ PRet spBE2aRRE Fhe| ¥da PﬁﬁnaSGlﬂﬁﬁFﬁrdQEﬁétér

35 2 0 AUG 1996than that of the spot area.
19. The method of claim 1 in which the device

10 comprises an MCM, BGA, PGA, or a hybrid or semiconductor
microcircuit.
.20. The method of claim 1 in which the via has
a dlameter and a depth that is greater than five times the
o dlameter
Cas 21. The method of claim 1 in which the via is
.formed by a laser prlor to plating.
’ " " 22. "The methpd of claim 21 in which via
formation comprises:
. generating a first laser output having a first
20 spot area; and
applying the first laser butput to the  dévice so
that the laser output removes at least two layers within
the first spot area to form a via having an 1nterna1 wall
surface, an open end, and an opposite end.
25 , 23. The method of claim 1 in which the laser
A ‘output pulseé are generated at a repetition rate of
greatér than 1 kHz, the.via has a diameter greater than
that of the spot area, the via diameter is smaller than
250 pum, the via and a depth to diameter aspect ratio
30. dreater than 1, and the internal wall surface has a depth
of greater than 25 um, further comprising: .
electrochemically plating the electrically
conductive interconnection subsequent to the step of
ablating and without an intervening seeding or preplating
35 step. '

e

PDX4-35585.1 26860-0033

AMENDSD SHEET



. AMENDED SHEET 34 the spot areaALo form a vira havihg an internal .wal |-
surface, an open end, an opposite, end; generating fronlthefsolld~s{ate

| aser a second | asﬂl mm‘ﬁ“‘ﬂ) “3“““ directing thé second | aser

out put through the “ via toward a substrate having an
electrjcally conduct'i vé nhatetidl positioned across the opposite end of .the
via, the first and second | aser outputs eachsincluding at | east one pul se
having a 10 wavel ength shorter than 400 nm a tenporal pulse wi dth shorter
than 100 ns, and an avera@é-ouffhet methed off grlederl tihewHiGh rhempdsitried
over the spot apgger3Rd 3l @ t'f'lg'stl:hgl@.ltih %a@%&gﬁ al gy e&h%o?h tr.ate_

with a force sufficient to enb ronet r-s Ze par |cles
plating material into theSURSeAHENtEY Posditiond ng alﬂgqnndrmdaannanount

sufficient to fpaFexiadNduchirb@indtgr eenpaet 1%%\&6%1&“%&&&% Sof2EnelN®
met hod of claim28-i.n which the |aser output pulses are generate at a

repetition rrateVéfi20 greater than 1 kHz, the via has a dianeter greater
than that. of- the' spot ar egenerrlaemgaadsa&ehar lasedMutRputt;han 250 [err] the

via and a depth to d'anEtﬁﬁrQEEEﬁg Eﬁe Second laser output through the
via toward the second plating material; and '

ablating the second plating material and
10 depositing it over the first plating material already
coveriﬁg'ﬁﬁé internal wall surface, such that the second
plating material is deposited in an amount sufficient to
protect the first plating material from a éubsequent
B processing step.

D as 25. The method of claim 24 in which the first
-and second plating materials are different materials
'Selected‘fibm'éluminUm,;copper, gold, molybdenum, nickel,
palladium, platinum, silver, tin, titanium, tungsten, or
combinations thereof.

20 26. The method of claim 1 further comprising:
electrochemically plating the electrically
conductive interconnection subsequent to the step of
ablating and without an intervening seeding or preplating
step. ' _
25 : 27. A multilayered elecfronic device comprising
' ‘at least one via plated in accordance with the method of
claim 1. _
28. A-method'for laser processing a
multilayered device including at least two layers having
30. different chemical compositions, comprising:
generating from a solid-state laser a first
laser output having a spot area;
applying the first laser output to the device so
that the laser output removes at least two layers within
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greater than 1, and the internal wall surface has a depth of greater than
25 Am further conprising: 25 el ectrochem cally plating the

electrically ' conductlxﬂluu n' wi thout an intervening seeding or

preplating step. 30. T ﬂ%ﬂ"gﬂﬁtﬂﬂﬁn128 in which the first |aser output

conprises a series of pdlsés to.Morfma via 30 having a greater dianeter

than that of the spot area and the second Ia§ _loutput conprises a series
c

of pulses to plate the via. 31. The nethod o aim 28 i-n which the spot

area is | ess thahe5@pam ared @BRifekm 35vaa0 hANGNEYG: IAENDER1SHEET 34
surface of the V|a in_an_amount sufficient to forghg#conductlve :

i nt er connect i onSBEERSER BRe OPSPFEY: 281 PRROFHYG TG clai m 28 in which the
first and second | aser ougpnﬁratmngrEsemomheosodﬂﬁeqmdt&eiahériags&cond

wavel engt h shor&gg t-halcageyt 400 nm a tenporal -pul se width shorter than
about 100 ns an averag é out put power of greater than about 100 mW
measur ed Qvér t he spat|a|dg§gptangat e second laser output through the

open end of the via toward a substrate having an
electrically conductive material positioned across tﬁe
opposite end of the via, the first and second laser
outputs each including at least one pulse haﬁing'a

10 wavelength shorter than 400 nm, a temporal pulse width
shorter than 100 ns, and an average output power of
greater than 100 mW measured over the spot area; and

ablating the plating material from the substrate
. with a force sufficient to embed micrometer-sized
Es . particles of the plating material into the intermal wall

.surface of the via in an amount sufficient to form a

'COhductiVeTintérqonnéction between the layers.
29. The method of claim 28 in which the laser
output pulses are generated at a repetition rate of
20 greater than 1 kHz, the via has a diameter greater than
that of the spot aréa , the via diameter is smaller than
250 um, the via and a depth to diameter aspect ratio
greater than .l, and the internal wall surface has a depth
of greater than 25 um, further comprising:
25 electrochemically plating the electrically
' "conductive iuterconnection without an intervening seeding
or préplating step. . -
30. - The method of claim 28 in which the first
laser output comprises a series of pulses to.form a via
30 having a greater diameter than that of the spot area and
the second laser output comprises a series of pulses to
plate the via.
31. The method of claim 28 in which the spot

area is less than 50 um in diameter.
v | . |RERLACEMENT SHEFT)
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30. The nethod of claim28 in which the first |10 | aser out ef-;llf-?;i},o ses
a series of p to for myarM RTElECMN, PRoPEES BREANDITRRE er t hEQMEWat of the
spot area and the second | aser out pifemgtignaldiuteasles a series of pulsSes to 4
pl at e t DNTERNATIONAIS ABPEIEA THAS PBBEISHEDBSNDER TRESHAAENT(CODFERMIION TREATY (PCT)
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