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provi des nunerous techniques for manufacturing a printed circuit board. The
starting material is a mcroelectronic substrate, typically a dielectric
board such as, for exanple, an ABF (A inonmoto Build-up Filnm) |ayer, which
may then be processed according to one of the nunmerous techni ques nentioned

above to provide the printed circuit.

METHOD AND APPARATUS FOR A PRINTED CIRCUIT BOARD USING
LASER ASSISTED METALLIZATION AND PATTERNING OF A
SUBSTRATE -
Background

Field

[0001] The embodiments relate to microelectronie structures, and
more particularly to microelectronic structures made using laser assisted

activation and patterning.

Description of the Related Art

[0002] The state of the art provides numerous techniques for
manufacturing a printed circuit board. The starting material is a
microelectronic substrate, typically a dielectric board such as, for example,
an ABF (Ajinomoto Build-up Film) layer, which may then be processed
according to one of the numerous techniques mentioned above to provide

the printed circuit.

[0003] One such technique involves providing the dielectric layer,
and then laser drilling via openings into the dielectric layer. Thereafter, the
dielectric layer is roughened, subjected to chemical copper plating, such as
electroless plating, to provide a thin layer of copper over the entire dielectric
layer including on the walls of the via openings. A dry-film resist (DFR) is
then laminated onto the thin layer of copper, and the DFR thereafter
subjected to an expose and develop process to form the circuit design
pattern in accordance with the requirements of the circuit specifications.
After subjecting the DFR to a developing solution in order to wash away
exposed areas of the same, the combination of the dielectric layer-thin
copper layer-patterned DFR is subjected to electrolytic copper plating in
order to provide a copper layer (hereinafter “thick copper layer”) much
thicker than the thin copper iayer mentioned above both on regions of the
thin copper layer not covered by the patterned DFR (in order to provide

conductive traces on the dielectric layer), and, in addition, inside the via



[ 0003] One such techni que involves providing the dielectric layer, and then
| aser drilling via openings into the dielectric |ayer. Thereafter, the
dielectric layer is roughened, subjected to chenm cal copper plating, such
as electroless plating, to provide a thin | ayer of copper over the entire
di el ect ri c waywerwisgesl udi ng on the walls of the via openpdiasszoobroshizys fil m
resist (DFR) is then |am nated onto the thin | ayer of copper, and the DFR
thereafter subjected to an expose and devel op process to formthe circuit
design pattern in accordance with the requirenents of the circuit
specifications. After subjecting the DFR to a devel opi ng solution in order
to wash away exposed areas of the sane, the conbination of the dielectric
| ayer-thin copper |ayer-patterned DFR is subjected to electrolytic copper
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in a dielectric layer, such as an ABF layer. Thereafter, locations for the traces
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[ 0006] However, techni ques of the prior art such as those descri bed above,
may exhibit | ow throughput due to increased processing tine, and, in

addition, may be ineffective for nmeeting current alignnment budgets anong
ot hers because they require the use of nultiple processes for generating

t he vias amlptdoaomses Whi ch processes |ead to a conpoundbdiguboshemssd bl €
alignnent errors. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] The enbodi nents

are illustrated by way of exanple, and not by way of limtation, in the
figures of the acconpanying drawi ngs and in which |ike reference nunerals
refer to simlar elenments and in which: [0008]Fig. 1 is a cross sectional
view of a mcroelectronic substrate, or panel; [0009]Fig. 2 is a cross
sectional vi eWQiZBOWi ng the substrate of Fig. 1 as having been provided with
a via openi ngraated & lagerirgadiation foprayide beresseddraredotationg gro  an

embodi ment; #R0dBlcEintk laer. THREIRSS REH A Blatkb oM IRWR] Ne SUDStTate of
9 electrolytic plating with copper are provided on the thus ablated dielectric
layer. Copper plating as described above results in the formation of a
copper layer on the active surface of the dielectric layer, the copper layer
filling the recessed trace locations and extending above the same.
Thereafter, a process such as chemical mechanical polishing is used to
remove the excess copper of the copper layer extending beyond the recessed
trace locations, in this way resulting in the interconnects on the active
surface of the dielectric layet.

[0006) However, techniques of the prior art such as those described
above, may exhibit low throughput due to increased processing time, and, in
addition, may be ineffective for meeting current alignment budgets among
others because they require the use of multiple processes for generating the
vias and traces, which processes lead to a compounding of possible
alignment errors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The embodiments are illustrated by way of example, and not
by way of limitation, in the figures of the accompanying drawings and in

which like reference numerals refer to similar elements and in which:

[0008] Fig.1is a cross sectional view of a microelectronic substrate, or
panel;
[0009] Fig. 2is a cross sectional view showing the substrate of Fig.1

as having been provided with a via opening therein to yield a via-defining
substrate according to an embodiment;

[0010] Fig. 3 is a cross sectional view showing the substrate of Fig.2
has having been provided with a Iaser activatable laser activatable film
thereon to yield a film-substrate combination according to an embodiment;
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has havi ng been provided with a | aser activatable |aser activatable film
thereon to yield a filmsubstrate conbi nati on according to an enbodi nent; 3

WO 2007/ 078865PCT/ US2006/ 047814 [0011]Fig. 4a is a cross sectional view
showing the filmin the conbination of Fig. 3 as having been exposed to
| aser irradveteedn7dses sel ectively activate portions of tRerfdbgteassgd on a

predeterm ned i nterconnect pattern to yield a
sel ectively-activated-filmsubstrate conbinati on according to an

enbodi ment; [0012]Fig. 4b is a top plan showing the filmin the conbination
of Fig. 3 as having been exposed to laser irradiation, to selectively
activate portions of the filmbased on a predeterm ned interconnect pattern

to yield a s %%l vel y- actlvated fil msubstrate conbination according to an
enmbodi ment ; ? 1Fi g. &#?%C@Bﬁgmmmqmgﬁhaﬁlmmwhehow ng the

conbi natlon Qf)nﬁhﬁ&lm{lﬁﬁ %mg@gmgéggﬁngaﬁma% g\?g ortlons of the

filmrenoved therefromto yield atter substrate
combi nat i on SXEEHYRL ﬁ@@ﬁ@@%ﬂ@ﬂ@ﬂ%ﬁbﬁl@mﬂﬁ&ﬁm@ed op plan view

showi ng the ﬁﬁ@ﬁo?@l&%t%\ 7 14 é@electwely-achvated-ﬁlm—substrate
combination according to an embodiment;

foo12] Fig. 4b is a top plan showing the film in the combination of
Fig. 3 as having been exposed to laser irradiation to selectively activate
portions of the film based on a predetermined interconnect pattern to yield a
selectively-activated-film-substrate combination according to an

embodiment;

[0013] Fig. 5a is a cross sectional top plan view showing the
combination of Figs, 4a and 4b as having had non-activated portions of the
film removed therefrom to yield a patterned f-build-up-layer-substrate

combination according to an embodiment;

[0014] Fig. 5b is a top plan view showing the combination of Figs. 4a
and 4b as having had non-activated portions of the film removed therefrom
to yield a patterned f-build-up-layer-substrate combination according to an
embodiment;

[0015] Fig. 6a is a cross sectional vie.w showing the combination of
Figs. 5a and 5b as having been provided with a conformal electrolessly
deposited first conductive layer to yield an electrolessly plated substrate
according to an embodiment;

(00161 Fig. 6b is a top plan view showing the combination of Figs. 5a
and 5b as having been provided with a conformal electrolessly deposited
first conductive layer to yield an electrolessly plated substrate according to
an embodiment; :



and 4b as havi ng had non-activated portions of the fil mrenoved therefrom
to yield a patterned f-buil d-up-Ilayer-substrate conbination according to an
enbodi ment; [0015]Fig. 6a is a cross sectional view show ng the conbi nation
of Figs. 5a and 5b as having been provided with a confornmal electrolessly
deposi t ed fwe 3so7ameehucti ve | ayer to yield an el ectrol esgdyuRb@lo@ipsubstrate
according to an enbodinent; [0016]Fig. 6b is a top plan view show ng the
conbi nati on of Figs. b5a and 5b as havi ng been provided with a conformal

el ectrol essly deposited first conductive layer to yield an electrol essly

pl ated substrate according to an enbodi nent; [O0017]Fig. 7a is a cross
sectional view showing the electrolessly plated substrate of Figs. 6a and
6b as having _been provided with an el ectrolytically deposited second

conductive | to vyi E&ﬂ@ﬂﬁ%ﬂé@ﬁﬁ@ﬂ%ﬂbmews@mirgdhemwsd according to
an enbodi nmen shomnn electrolessly
bli’c@c@&@ﬂaﬂaﬁe o??: an%a%%@b%s%@v %eéne%ro cggﬂt ‘H@Baﬁ ‘h art

pl at ed substrate of Figs. as havir

el ectrol yti calepsrob@;seﬂyﬂenoswmond edndtictire laggeto ﬁ:ddwxeél ra 3’
electrolytic rate acco to an enbodi nent; [O0019]Fig. 8
s a top pl aﬁid&%/%\gvu g%%qe %%%ﬁ]“%?eaét%f’Q}‘?ﬁ“@e&}r y plated

[0018] Fig. 7b is a top plan view showing the electrolessly plated
substrate of Figs. 6a and 6b as having been provided with an electrolytically
deposited second conductive layer to yield an electrolytically plated
substrate according to an embodiment;

[0019] Fig. 8 is a top plan view showing the electrolytically plated
substrate of Figs. 7a and 7b as having had its tie bars removed to yield a

patterned substrate or printed circuit board;

[0020] Fig. 9 is a schematic representation of a system incorperatinga -

printed circuit board according to an embodiment;

[0021] Fig. 10 is a cross sectional view of a tesult of an embodiment of
microelectronic substrates, or panels being laminated;

[0022] Figs. 11A-B are cross sectional views of a result of an.
embodiment of microelectronic substrates, or panels after being patterned

using laser projection machining/patterning;

[6023] Figs. 12A-B are cross sectional views of a result of an
embodiment of microelectronic substrates, or panels after a dielectric layer

lamination process;

{00241 Fig. 13 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after an organic material build up

process;



substrate of Figs. 7a and 7b as having had its tie bars renoved to yield a
patterned substrate or printed circuit board; [00201Fig. 9 is a schematic
representation of a systemincorporating a printed circuit board accordi ng
to an enbodi ment; [0021]Fig. 10 is a cross sectional view of a result of an
enbodi ment wé 207018868 ectroni ¢ substrates, or panel s bei pertadshdises;

[ 0024Fi gs. 11A-B are cross sectional views of a result of an enbodi nent of
m croel ectronic substrates, or panels after being patterned using | aser
proj ection machi ni ng/ patterning; [0023)Figs. 12A-B are cross sectional
views of a result of an enbodi nent of mcroelectronic substrates, or panels

after a dielectric Iayer | am nation process; W?241Fig. 13 is a cross
nt of a mcroelectronic substrate,

secti onal a re Qf an enbodi
or panel aftz%zg.’ﬁn orga ﬁé?@ﬁ%ﬁssﬁfiﬂ‘%‘\g‘fﬁﬁ“b? bR eesdalt of an embodiment of
a rmcroelectromc substrate, or panel after laser via drilling;

(0026} Fig. 15 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after dip coating;

[0027] Fig. 16 is a cross sectional view of a result of an embodiment of

a microelectronic substrate, or panel after laser activation;

[0028] Fig. 17 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after waghing;

[0029] Fig. 18 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after selective electrolytic plating;

[0030] Fig. 19 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after subsequent dielectric build up;

[00311 Fig. 20 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after laser via drilling;

[0032] Fig. 21 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after dip coating;

[0033] Fig. 22A is a cross sectional view of a result of an embodiment
of a microelectronic substrate, or panel after laser activating the surface of
the substrate illustrated in Fig, 21;

[0034]) Fig. 22B is a top plan view of a result of an embodiment of a
microelectronic substrate, or panel after laser activating the surface of the
substrate illustrated in Fig. 21;



[00251Fig. 14 is a cross sectional view of a result of an enbodi ment of a
m croel ectronic substrate, or panel after laser via drilling; [00261Fig. 15
is a cross sectional view of a result of an enbodinent of a mcroelectronic
substrate, or panel after dip coating; [0027]Fig. 16 is a cross sectional
view of a reepddromissan embodi ment of a microel ectroni ¢ wusdi@logrs1Lr panel
after laser activation; [0028]Fig. 17 is a cross sectional view of a result
of an enbodi nent of a mcroel ectronic substrate, or panel after washing;
[0029] Fig. 18 is a cross sectional view of a result of an enbodi ment of a
m croel ectronic substrate, or panel after selective electrolytic plating;

[0035] Fig. 23A is a cross sectional view of a result of an embodiment
of a microelectronic substrate, or panel after washing;

[0036] Fig. 23B is a top plan view of a result of an embodiment of a
microelectronic substrate, or panel after washing;

[0037] Fig. 24A is a cross sectional view of a result of an embodiment
of a microelectronic substrate, or panel after a dielectric layer build up;

100381 Fig. 24B is a top 'plan view of a result of an embodiment of a
microelectronic substrate, or panel after a dielectric layer build up;

[0039] Fig. 25 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after via drilling;

[0040] Fig. 26 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after controlled-collapse-chip-connect
(C4) solder ball and first level interconnect (FLD bumping;

[0041] Fig. 27 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after etching a sacrificial metal layer

away forming metal protrusions;

[0042] Fig. 28 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after electroless plating;

[0043] Fig. 29 is a cross sectional view of a result of an. embodiment of
a microelectronic substrate, or panel after via filling and /or electrolytic
plating;

[0044] Fig. 30 is a cross sectional view of a result of an embodiment of

a microelectronic substrate, or panel after dry film resist (DFR) lamination;



[0030]Fig. 19 is a cross sectional view of a result of an enbodi nent of a

m croel ectronic substrate, or panel after subsequent dielectric build up;
[0031]Fig. 20 is a cross sectional view of a result of an enbodi nent of a

m croel ectroni c substrate, or panel after laser via drilling; [0032]Fig. 21
IS a crossvaezii/onsds view of a result of an enbodi ment mfris20u60488) ectronic
substrate, or panel after clip coating; [00331Fig. 22A is a cross sectional
view of a result of an enbodi ment of a m croel ectronic substrate, or panel
after |laser activating the surface of the substrate illustrated in Fig. 21;
[0034]Fig. 22Bis a top plan view of a result of an enbodi nent of a

m croel ectronic substrate, or panel after |aser activating the surface of

the substratg i l]ustr din Fig. 21,
FOMH a{"i% 3lisa cr%ss sectional view of a result of an embodiment of

a microelectronic substrate, or panel after trace ablation and assisted
metallization; )

[oo4e] Fig. 32 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after trace electroless plating;

[0047] Fig. 33 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after trace electrolytic plating; and

[0048]1 Fig. 34 is a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after DFR stripping.

DETAILED DESCRIPTION

[0049] The embodiments discussed herein generally relate to a
method, a printed circuit board and a system using laser assisted
metallization and patterning. Referring to the figures, exemplary
embodiments will now be described. The exemplary embodiments are
provided to illustrate the embodiments and should not be construed as
limiting the scope of the embodiments.

[0050] Various operations will be described as multiple discrete
operations, in tum, in a manner that is most helpful in understanding the
present invention, however, the order of description should not be
construed as to imply that these operations are necessarily order dependent.
In particular, these operations need not be performed in the order of

presentation.

{0051] Referring now to Fig. 1 by way of example, embodiments of
the present invention comprise providing a microelectronic substrate or

panel, such as substrate 100, provided on a conductive layer 101 (see Fig,. 2).
8 .



Fig. 23Ais a cross sectional view of a result of an enbodinent of a
Enogfg!al egtroni c substrate, or panel after washing; [0036]Fig. 23Bis a top
plan view of a result of an enbodiment of a mcroelectronic substrate, or
panel after washing; 100371Fig. 24A is a cross sectional view of a result
of an enmbodwoest7/omssa i croel ectronic substrate, or pangéT/aédfiostsie f
dielectric layer build up; 100381Fig. 24Bis a top plan view of a result o
an enbodi ment of a mcroelectronic substrate, or panel after a dielectric
llayer build up; [0039]Fig. 251s a cross sectional view of a result of gn
enbodi ment of a microel ectronic substrate, or panel after via drilling;
[0040]Fig. 26 is a cross sectional view of a result of an enbodi nent of

The substrate may include a non-conductive material, such as plastic or
fiberglass, such as ABF, or any other dielectric suitable to serve as a substrate
for a printed circuit board. Conductive layer 101 may, by way of example,
comprise copper, and may further represent a conductive trace on an

underlying substrate (not shown).

[0052] As seen in Fig. 2 by way of example, embodiments of the
present invention comprise providing via openings such as opening 110, in
the substrate, such as substrate 100, to provide a via-defining substrate, such
as substrate 120. According to a preferred embodiment, the via openings
such as opening 110 may be provided using laser drilling or laser projection
machining, such as high intensity laser drilling as is well known in the art.
However, the via openings such as opening 110 may be provided according
to any one of well known methods as would be readily recognizable by one
skilled in the art.

[0053] Referring thereafter to Fig. 3 by way of example, embodiments
of the present invention comprise providing a laser activatable film, such as,
for example, film 130, comprising a laser activatable material on the via-
defining substrate. According to an embodiment, the laser activatable film
may have a thickness in the submicron range up to about between about 3 to
about 5 microns. By “laser activatable material,” what is meant in the context
of the instant description is a material that is adapted to be activated when
exposed to laser irradiation to provide a build up layer for a conductive
material, such as, for example, copper. By “build-up layer,” what is meant
in the context of the present invention is a seed layer, that is, a layer adapted
to allow selective provision of a conductive material thereon according to its
pattern. According to a one embodiment, the laser activatable material may
comprise palladium acetate or (CH,CO,),Pd. According to an embodiment,
provision of the laser activatable film, such as film 130 shown in Fig. 3, may
be effected by dip coating via-defining substrate 120 in a laser-activatable
material seeding solution, such as, for example, a palladium acetate seeding
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a mcroelectronic substrate, or panel after _
control | ed-col | apse-chi p-connect (C4) solder ball and first Ievel

i nterconnect (FLI) bunping; [0041]Fig. 27 is a cross sectional view of a
result of an embodi ment of a microelectronic substrate, or panel 'after

et chi ng a swonod7oessed netal | ayer away form ng netal Pr Bt USYosRI 1814 f
[0042]Fig. 28 is a cross sectional view of a result of an ganbpdl ment of a
m croel ectronic substrate, or panel after electroless plating; [0043]Fig.
29 is a cross sectional view of a result of an enbodinent of a _
m croel ectronic substrate, or panel after via filling and/or electrolytic
plating; [00441Fig. 30 is a cross sectional view of a result of an

enbodi nent of m cr ect ronlcgslf%ubst rate, or panel after dry filmresist

(DFR) | ani nat*PoHo™ | F providingthedaser astivatabledilovicardingul t of
an enbodi nentto @fnbodlments include, by way of example, sputtering and chemical or

physical vapor deposition. As seenin Fig, 3, the laser activatable film, such
as film 130, covers an active surface of the via-defining substrate, such as
substrate 120, and includes via portions, such as portic;ns 135 and 136, which
respectively cover the walls and the bottom of the via opening, such as via
opening 110, respectively. By “active surface,” what is meant in the context
of the present invention is a surface of the substrate adapted to be provided
with interconnects, such as vias and traces, according to an interconnect
pattern. Provision of the laser activatable film on the active surface of the
via-defining substrate yields a film-substrate combination, such. as film-
substrate combination 140 of Fig. 3.

[0054] Referring next to Figs. 4a-8 by way of example, embodiments
of the present invention comprise providing interconnects according to a
predetermined interconnect pattern on the via-defining substrate using laser
assisted metallization. Laser assisted metallization will be explained in
further detail below with respect to the embodiment of Figs, 4a-8.

. 00551 Referring first to Figs, 4a-4b by way of example, laser assisted
metallization according to embodiments comprises exposing the laser-
activatable material of the laser activatable film to laser irradiation to
selectively activate portions of the laser achvatable film according to the
predetermined interconnect pattem and, ophonally, to a predetermined tie
bar pattern, to yield a selectively-activated-film-substrate combination, or
SATFP combination, such as combination 150 of Figs. 4a and 4b. By
“predetermined interconnect pattern,” what is meant in the context of the
instant description is a pattern corresponding to the predetermined
interconnect traces and/or vias to be provided on the active surface of the
substrate. By “predetermined tie-bar pattern,” what is meant in the context
of the instant description is a pattern corresponding to the predetermined tie

bars to be provided on the active surface of the substrate. Thus, as seen in
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a mcroelectronic substrate, or panel after trace ablation and assisted
netallization; [00461Fig. 32 is a cross sectional view of a result of aln
enbodi ment of a mcroelectronic substrate, or panel after trace electroless
pl ating; 100471Fig. 33 is a cross sectional view of a result of an

enbodi ment W 2e07x788650el ectroni c substrate, or panel af trrTi92008047814
electrolytic plating; and [00481Fig. 34 is a cross sectional view of a R
result of an enbodi ment of a microelectronic substrate, or panel after
stripping. DETAILED DESCRI PTI ON [0049) The enbodi ments di scussed herein
generally relate to a nmethod, a printed circuit boairl and a system using

| aser assisted netallization and patterning. Referring to the figures,

' ' ' | ary enbodi nents are
exenplary e diment.s will now be described. The exenp
pr O\r/TPded ton}gﬁﬁ’ ﬁ?&f’@%ﬁﬁﬁ%&m%ﬂb the §AJWE sombinatidrel¥bmeyr ued as

limiting thecongpiealsubiRafiRIGOREI0R ForthOD ABLYAIsBT. ARFLARLODS W || De

described as dggérhie%l aj oque,sgricitﬁ% addition, a film 152 covering substrate portion 102
and defining a pattern 154, as best seen in Fig. 4b. The pattern 154
corresponding to film 152 is defined by laser activated portions 130’, 135
and 136’ of film 152, by non-activated portions 130 of film 152, and by laser
activated tie bar regions 144 as will be described in greater detail below. The
laser activated portions may include a material adapted to provide a build
up layer for further coniductive material to be selectively provided thereon.
For example, the laser activated portions may include a graphite rich
conductive seeding material. According to an embodiment, when the laser
activatable film comprises palladium acetate, the laser activated portions of
the film comprise a pa]ladium-seelded build-up layer induding a palladium
rich modified organic material build-up surface, In particular, laser
activation of a palladium acetate material selectively ablates the acetates in
the material, leaving behind the palladium rich modified organic material as

noted above.

[0056] The laser souzce for both laser drilling of via openings and for
the activation of the laser activatable material may be any suitable source
that generates laser beams. Examples of the laser source may include a
NA:YAG laser tool or 2 pulsed ultra-violet (UV) excimer laser, the latter
being preferred according to embodiments. The wavelength may be any
suitable wavelength for the application, such as Neodymium-doped Yttrium
Aluminum Garnet (Nd:YAG, 1064nm), Xenon Fluoride (XeF, 351 nm),
Xenon Chloride (XeCl, 308 nm), Xenon Bromide (XeBr, 282nm), Krypton
Fiuoride (KxF, 248 nm), Argon Fluoride (ArF, 193 nm), and Fluoride Dimer
(F2, 157 nm), wavelength ranges in the UV or deep UV ranges being
preferred according to embodiments. By way of example, to activate the
laser activatable film using laser irradiation, according to an embodiment, a
laser pulse duration may first be chosen, such as, for example, about 20 ns to

about 50 ns for a laser source set at wavelengths including, for example, 193
n



operations, in turn, in a manner that is nost hel pful in understanding the
present invention, however, the order of description should not be
construed as to inply that these operations are necessarily order
dependent. In particular, these operations need not be perfornmed in the
order of pr¥QaMIATEeH. [00511Referring now to Fig. 1 bypawmwsiedswersanpl e,
enbodi nents of the present invention conprise providing a mcroelectronic
substrate or panel, such as substrate 100, provided on a conductive |ayer
101 (see Fig. 2). WD 2007/078865PCT/ US2006/ 047814 The substrate may

i ncl ude a non-conductive material, such as plastic or fiberglass, such as
ABF, or any other dielectric suitable to serve as a substrate for a printed
circuit board. . ducti | ayer 101 rmay, by way of exanple, conprise
copper, and H@%Pﬂ’h@?g&é’ﬁ?ﬁ Eiﬂé%ﬁ'el{ﬁi%/qn/iéseﬁ;mnmbanoipmleedtpi ng

substrate (nbedeltowellmipeebAinifalal R ihdortofViihedl o HATRLE:
enbodi ments of the  present invention conprise providing v A ﬁ:%nl ngs such
as openi ng 13¢ivatablefidms Hhzewgh estimaterfondetenitingtthe fiGMbet of pubus te a

vi a- def i ni ngps BBV &rdHSVoS - Q. According to a preferred
embodi nent, the via qpé%iHg%”%ﬁ?ﬁ%§§B%§§§F#%Sf3§eﬁﬁ@vﬂﬁgéFﬁv d*&5i ng

| aser drill i f¥poaple; wikyregpestde e onganic filmisngh as palladismbhéftatepiensi ty | aser

openi ng 110 St 2800 e bR Shdio WSS HS sbru Tt Bk pddamwet node as
woul d be r ea?td ymracPgmim dsiee stuyrconWisdthéd @hotvakhatior” hdsQR2a] Ref erri ng
thereafter toufig.y élagt}%e\'\c@fer%ne g ln%h!?e@%%%%r%?é&d‘m as, for example,
through a testing process involving measuring a conductivity of respective
laser activated portions obtained as a result of corresponding laser
irradiation doses. A laser activated portion with a conductivity comparable
to that of a metal or of a metal-like conductor would then be considered
“activated” according to embodiments, and would set the laser irradiation
dose to be delivered for a given laser activatable film thickness and laser
activatable material. Alternatively or in conjunction with the above testing
method, a composition of each respective laser activated portion may further

be determined to ascertain conductivity and hence activation.



of the present invention conprise providing a |laser activatable film such
as, for exanple, film 130, conprising a | aser activatable naterial on the
vi a-defining substrate. According to an enbodi ment, the |aser activatable
filmmay have a thickness in the subm cron range up to about between about
3 to about WORPf03486s By "| aser activatable material," dWBUsies@mant in the
context of the instant description is a nmaterial that is adapted to be
activated when exposed to laser irradiation to provide a build up layer for
a conductive material, such as, for exanple, copper. By "build-up |ayer,"
what is meant in the context of the present invention is a seed | ayer,

that is, a |layer adapted to allow sel ective provision of a conductive

mat eri al thergggyyyaccor g i attern. According to _a one enbodi nent,
the | aser ac{[i vat abl e %3%??%1‘4‘#%ﬁ%ﬁ%?ﬂ%éﬁam%ﬁ%&é&mw, and

]g _(::43(:02) 2 Ed . TIRBcAstigated partians éﬁ@’aﬁipw:gi—n 154, qgé ﬁjn]gifaua.f;tr%#égla_,b%; g{gc_ activatable
ilm such a . i i . be effected by diptoating

vi a- def i ni ng%%ﬁ%%%%‘%%%e%egﬁgwggﬁ%%ﬁ@m@ﬁ seedi ng

sol uti on, 'sugredeternhimed dnteiitirhecBpatdrnadd Féggi ol ution.

Gt her net hod forﬁ%{govi di.ng. the | ager acti%‘tﬁggftggﬁr m aggeglr\%‘? T

enbodi nent s, S5 F’%ﬁdﬁgk?ﬂﬁcc@daﬂ@t%th@mdemmmmﬁa plattein

physi cal vapataydepefidctddd. ' WoRPRCIR | aser ivafable film
such as film 130, covers A ae i%gygdt%f:{g—g%dlg O%Egﬂ}ﬁa@%8€ﬁﬁ‘“ﬁ§{’%§trate,
such as subsfPRPEAHeH thegugh amaskethepiatieppof whivh caresponds pofHd ons 135 and

136, which r epiiRedrnMBbY iV nn yéﬁl | sw.and e bott of the via opening,
such as via gpeni ng 110, respe%%ef\;/e y." gi/&ea%{]elrv%h%%n% eetiVghat i s meant
in the cont eXfadigtiemmayrhaeffactechbe aicomputer dad desiga (CAD) WrivsbBELAL €
adapted to bgirpsQyhife k0 econnects. .such as vias and traces, '
according to an %%re?g#r%g?h%%?f‘%?%agﬁ?%ﬁﬁlﬁﬁ?ﬁ(ﬁmﬁﬁ@bﬁg@a&@ﬁim abl e
filmon the thepsedeietmiedihtarbennechpaltérntengitSHIat et viied! ig,as f

ion 1 of Fig.

filmsubstrag i j uch.gs, fil msubstrate conbinati
3. L00541Ref eﬁ‘?%‘é@‘ﬁ%&xﬁ"%&’ gar 13@1: OESSPRINIRG tox BrRdetermined gatterit s of t he

present i nvedhtranes tobpproedpd orite BaiveGBFROHINRE SulbbeteE Undd LR .2

pr edet er mi ned_j. nn pattern on the via-defining Substraté using
| aser assi stgﬁhﬁggﬁ?ﬂﬁs 1. COTRg8Rending ita a gredeternitiedpattann fibd 4 viae
expl ai ned i rby wayloé vidiepeaiihg hed. pHbidly RSPRIVE ogdj.nent of Figs.
4a- 8. [0055] Referrw;lﬁ,_rstgto Ic:(i?%s, 4_3{ 4bﬁﬁ:§ﬁ%éa§£s%$§c€?§%cﬂg$§ ser
assi sted merEINTI4 FMF&FWW@R@M&#%M@Bmw,ia%&&dﬁxgoﬂ,si ng the
| aser act i vateabalifentd, belseRbtivdl§ shBREL [vatable filmtaq. laser
irradiation to.sel ectively activate pgstqlgtéénss??o adigtion aceording faa abl e il m
accgrdi ng tgfﬂj%teﬁgg{&‘ét%? TRattdrnt dyscoomiddte padgtized bitthe sRllddqRahL Y, to a
pr edet er m negt, the tdPEib BhPred - .
sel ecti vel y-acti vat ed-f1 | m subs ér’)%s%qérglé% 5 R wherededpolysighi nat i on,
such as co mﬂ}#ﬁs e thesbuild upilayer i gomtethpléted B he RicAtecaHE B GekiBhg’ CONNect
pattern, " WRadulHShi®E i .context ,of Lhe instant description is a
pattern correspondi ngﬁ%vgt?ﬁgp%?gﬁgtogﬁ%bﬁéﬁ HES ¥ Y,’Puﬁﬁbglsnand/or vi as
to be provi #EAVigR thenecessaryelentriéal deteforink 'Wﬂ%&e&%&ﬂ{ﬁ%ﬁgr m ned

i t est

tie-bar patiLekinb ‘ﬁ%@érép t..in the context of e instan ription
is a pattern correspon |érilig 0 r?gﬂﬁ"e FEAARG e Preferrad emhodimept,ovi ded on
the active 8 selrativefirratlintiontonting to red&tetRBhkd fe bat Pt | ment  of

Figs. 4a ang.4h, E nbi nation 150 may conprise a substrate portion
102 f or med f?omegs%%g?lrsa% e[ifil% Yote seraizrect yadting padhe biimof thefilmi n

addi tion, aswbstrate Eombination)guch s CADEIRE 148 élﬂécﬁx}ﬂgeqeéeﬁ%}_jﬁ@g, a pattern
ing to Ti

154, as bes SEEH i. .. Fi 4h. The pattern 154 correspon Im 152 is
defi ned by *aser 5&%‘%&%‘3‘%&%?&% tahle filmy awording to 3gredétefmiradls?, by

non- act i vat kar pattetrit dfr efmidthiRoll : r ivated,.tie bar
regi ons 144, as i | mgﬁ;cri bed in g%eﬁ%%?g??ggaﬁ%%éﬂ%ofgﬁr
activated pérri ¥aW§$" PEeRFding ter apredetexthiped thtercopneatipgittedn hisid d up

| ayer for freshliein aoadésivhig HRbSY 4 | ectivel royi ded thereon.
For exanpl e, the |aser acti vattE%dﬁfofo t%n%%gﬁn%é&’rfﬁchﬁgrég‘%ﬁﬂ te rich
conducti ve stboé'ﬁf atRrial . Accordi ng to an enbodi nent, when the | aser
activatable filmconprises palladiumacetate, the |laser activated portions
of the filmconprise a palladi umseede® build-up layer including a

pal l adiumrich nodified organic material build-up surface. In particular,
| aser activation of a palladiumacetate material selectively ablates the
acetates in the material, |eaving behind the palladiumrich nodified
organic material as noted above.




[ 0056] The | aser source for both laser drilling of via openings and for the
activation of the laser activatable material may be arty suitable source
that generates | aser beans. Exanples of the |aser source may include a

Nd: YAG | aser tool or a pulsed ultra-violet (UV) excimer laser, the latter
bei ng pref eWP2MTHZE6Y di ng t o enbodi nents. The wavel engt PCTrES20d504281y

sui tabl e wavel ength for the application, such as Neodym um doped Yttrium

Al um num Garnet (Nd: YAG 1064run), Xenon Fluoride (XeF, 351 nn), Xenon
Chloride (Xed, 308 rin, Xenon Brom de (XeBr, 282run), Krypton Fluoride
(KrF, 248 nm), Argon Fluoride (ArF, 193 rin), and Fluoride DDmer (F2, 157
mu), wavel ength ranges in the UV or deep UV ranges bei ng preferred

accordi ng to [esseydi M"ENRGferBi gkt act i v e | aser
activatable film usi ngqrﬁgser I rraggF% E%?’ .%V? Trent, a

| aser pul se dg¥stedanetalliza tlpnsls:ccbrdmgmsmbodiméhta&om pelse£itN iR rgRout 20 ns

to about 50 E:iggﬁr i ncludin for

exanpl e, 193%?{(%&1% nm ort?'gé%g?%ﬁf a%w"égg'@% mﬁ?‘éﬁf@# buildt he
number of pulipdayensiistuiéd combircitiony Aﬁhdﬁﬁirﬂlﬁ%lﬁﬁhﬁxe&%ﬁ: nsaf a

t hi ckness of Pﬁ@%b' Q?&P %lt' vat abl e fl‘inB h estimate for determ ning
the nunber of pul &8s 10’ De JETvaedBertpns a?gé'dldcmstlhenalpacﬂenm to be
activat ed pebufldhgelayessubstodtplc8mbihdtibr m%%fho %Q&i?%ryu%sy m such as
pal I adi um acetfggm‘H e actr vated thickness per pul'se ratio wourd be about 1

micron for aP B B35 afacas 04, sctivated tiedar vegivhel44) andot

"activation' th-a}Serbﬁ&l& ap H&érr{@bxﬁﬁiﬂgtli‘)lil nvo%\l/‘lihrl%m gg%%&fﬁmys such

as, for exar‘rBB& Qjﬁgyah atesting proc
conducti vity Py €4 %%@Mm@dmregusmbmm&@ﬁ:@ result of
cor r espondi ngréfésed eiboatindhi, 9&1‘;@?&%? Serg}%%éﬂﬁgl% tion with a

conductivity conparable to that o ¥ conduct or

woul d t hen bRFHVGHad Gbn sora vashi v&m@nqdemﬁemméma&&m%m‘?&erﬁ&g woul d

set the | asepuitd LAdh&liR e deJ ver f.or a given |aser
activatable film ?hr%élfneélgqggrgp acel A Q%?%‘F%tenﬂl qbipingdi vel y or

i n conj unct | &KoY ecta)b@medfeq.taﬂaglmtd&eﬂte Rs&OimRatdp1OAIA] ehgach
respective |gsal 21 %I Qn y further be determned to ascertain
nce ac |va

conductivity and BN 25 0057] To provide the | aser activated
portions 13 135" and 136', and non-activated portions 130" of pattern

154, the fi &H@%ﬂ]bst ratﬁﬁfql?tmgﬁeﬁrtgh@ fap byewag beekdrigley lsbiBit&f to | aser
i rradiation AgeNELided ned i nterconnect. pattern. According to
a preferred enbodi rrentatcg?]ﬁnqégcgg%'ﬁ g'lgnf‘? éﬁ%&ﬁpaeeémm&mmw

pr edet er mi n@&c?ﬁﬁ'-@st‘bﬂtmdpmmme!ﬁ iryrcbingd pa &bﬁ@'oﬁ&ﬁeﬁ Hhyd.aser
irradiation F-SLBA&Qth %lfr&)L mtsubst rat e conbi nati on through a mask t he
pattern of whi c COF T 6sponds iAo Rrayides printed qirquitbasmdeBy pattern. In

t he alternaf i!ntercmcts,é’lwhaﬂmmeamadt}aéédﬂﬁew Fé‘s&ﬁﬁ}ﬁg 2 B frEPUL er
ai ded desi g, ?q‘ ‘iv u‘cﬁ]er direct wite. Sel'ective laser 1rradiation
of the | aser actl vat a V6 BRsrH A Vies aperrding wcthe pridhetertivtedr connect

pattern resmﬂtﬁescqrmeba&aferﬁcwbvaieﬁﬁ pROBS bé&sin%gtd“ﬂtuér g{-c,_{e{}é Qfﬁf%é&pqﬂga”' ons

130', corre redeterm ned pattern ‘of i ded on
the active 28(? 9'5 Lﬁ’@%ﬁ%@?ﬁ&l‘b L102:anl intrrRonrRechu 192 proyiddbon ted 136"

di mgbatot HR6LE162, Hh f
TN Sty @&“e“%*‘*‘wf‘é’%?%*?‘é‘véﬁé e Ba g 17 o g

110. Optionall to Vi de | aser activa
filmsubstr&f @N%WF%&' torthe Ripdetegminedinjercomuat phattgrt. (Premhfifinent s, be
sel ecti vel yuﬁub;oﬁﬁéétdxxtdgr besRivided QEH&&in%gc g&&%&hﬂﬁﬂt 0 a @Pﬁdet armined tie

bar pattern W be recognl zed by o
activated t /¢ 6338 pgeed 1 %vFMMqﬂeq:ﬁﬁ&i‘mjg(lhté&t&E@lc@tl ng on

the build uma &)é@ffécﬁgcp&g}ﬁ regi ons woul d
thus allowt 4 provi si on o egl ars t%e&ééﬁg%g’ﬁ 9385‘?' provi de
t he necessa\“ﬁ@f-‘éé{‘y eqm?@hmhmormgﬁmnﬂgr@ﬁ@ﬁbf@lle&&bﬁséﬂ ating, as

will be dessiatibgen M. A preferred enbodi nent, the
sel ective irr adr at Flemnéégﬂ%gg# o%'lgﬁ(”dﬁ?g&'&@é’?ﬁ*‘ﬁ%uﬁn@%ar pattern may

combination of electroless platmg and electrolytic plating as mentioned

14



be effected for exanple by using laser direct witing on the filmof the
film substrate conbination, such as a CAD driven | aser direct wite.

Sel ective laser irradiation of the |aser activatable filmaccording to a
predeterm ned tie bar pattern may occur sinultaneously with selective |aser
i rradi ati orWeRooTlEsésaser acti vatable fil maccordi ng to Pcpus0ssieersnd ned

I nterconnect pattern, and results in |laser activated tie bar regions of the
film such as regions 144 shown in Fig. 4b. [0058] Referring next to Figs.
5a awl 5b by way of exanple, laser assisted netallfration according to
enbodi nents conprises renoving non-activated portions of the partially
activated filmto yield a patterned-buil dup-|ayer-substrate conbi nation. As

shown in the_ggPodk LS. 15 d .a rempval of non-activated
portions 130 vvo%llc‘i rggk‘?h?{mge%é?ﬁ%&ﬁ?a‘i%ﬂléﬂ aion &9 thegxemple e

conbi nati on pedferredsinahwdinment bfHigegs£80st rat e portion 102 havi ng exposed
surfaces 104, activated tie bar regions 144, and further including a

patterned buidggorp | ay Lncl udi ng_the, activated portions 130", 135
and 136' andtactjluvat ed%}%’%as%&f%‘?ﬁgﬁ%a%!?&’ﬁyn P@uple lasarassigted

embodi ment,  msaliication scordingstouiticeitirients ddipRAs!rddingGldrket ed film to
wash. For exahple.. when tohe aterial ~of the patterned bulld up |ayer
i ncl udes a pgtﬁ)a um ™ eh W%BF@’&H Pf thapatternpddmilg-wedayerr ough | aser
activation ofubstmé bamibirmtivaehuph de@folass piuahg e drld BnduifvYAS L MY
conprise a V‘Qéﬁ:%n\é\%ssgéd layer having a pattern corresponding to the pattern of the
build up layer, thus providing an electolessly plated substrate, such as
electrolessly plated substrate 164 of Figs, 6a and 6b. It is noted that, as is
well know, to the extend that the build-up layer 162 serves as a seed for the
further electrolessly plated conductive layer, the build-up layer serves as a
site of atomic nucleation for the electrolessly plated conductive layer, and, as
aresult, no longer exists as a “layer” proper, the atoms thereof having been
dispersed after electroless plated. Asa result, a build-up layer is not shown
in Figs. 6a-8. It is noted, however, that, to the extent that the build-up layer
serves as a site of atomic nucleation, atoms from the build-up layer still
remain at least in the electrolessly plated copper layer. As seen in Figs. 6a
and 6b, the electrolessly plated substrate 164 includes substrate portion 102
having exposed regions 104, build up layer 162, and an electrolessly plated
first conductive layer including conformal conductive seed layer 168
selectively provided on the build up layer 162. Seed layer 168 includes, in
the shown embodiment, seed layer portions 165 and 166, which' respectively
occupy regions corresponding to the walls and the bottom of via opening
110, seed layer portion 160, which respectively occupy regions
corresponding to the traces, and tie bar seed layer portions 174,

foo61] Referring next to Figs. 7a and 7b by way of example, laser
assisted metallization according to embodiments comprises providing a
second conductive layer on the first conductive layer of the electrolessly
plated substrate through electrolytic plating such that the second conductive
layer defines a pattern corresponding to the pattern of the first conductive

15



[ 0059] Referring next to Figs. 6a-8 by way of exanple, |aser assisted
nmetallization according to enbodi nents conprises providing interconnects
according to the predeternm ned interconnect pattern on the

patt erned-bui |l dup-| ayer-substrate conbination to provide a printed circuit
board. By Wﬂtz@r"g cts," what is meant in the contextP@HUSL2b/08T866 ent
invention is the conbination of conductive traces and vies according to the
predeterm ned interconnect pattern. For exanple, as seen in Fig. 8, the
printed circuit board 190 conprises substrate portion 102 and i nterconnects
192 provided on the substrate portion 102, the interconnects conprising
traces 189 and a via 187 as shown according to the predeterm ned

i nt er connect 13k aAlDS thé Biild! de cording to
any wel | known, met hod usin hﬁﬂa%%f P{dﬁ?}gﬁg%nega’féfcgg@ ?@3@%‘5& For
erarrpl e, pr}oﬂ1 trajeq swch as Sdﬂqaﬁypweéisﬁhsﬂ-a&d 16?bﬂglh@obaehﬂdﬂ,eg¥sr ol ess
plating, thabedmin r t urther netallization, or
using a conbi nati Olﬁkg]féae @ﬁ%%ﬁw i‘?&e‘gg chidesi ng.
Provi di ng i né &t@ﬁﬂp@t@mt@m\angenﬁms&d&b nd 0861 @b Ta?%r dq!n g and

e i

el ectrol yti cFlrg_|cg. one ve wi Ll _ now be d n further
detail in relat &%X?,?%t@ﬁ%{ tn"ﬂngl Eeincidingicrafn rﬂtﬁlcﬂl@@m\@a 8.
[ 0060] Thus, seeddayer 168 selagtively xabldéumeqa‘mw 159 si sted

rrbodr ment s conpri ses pro ng a ftirst

metal | i zatio

conduclt |ZveI I%egrgpghc?lﬂgptﬁ%?‘fﬁecﬁﬁ d|cgpdpuctiye Jejer 182. Second conductive layer

pat t er ned- buinclxdep; indthe showst SdiGRp ect pl ati ng,
the first cong} t Ia;er deﬁl ng a ssggé g‘iﬁe&r}{%qﬁg aPo ?Pgﬁ

cor r espondi n§’ ‘%‘fé‘eﬁé’t‘? &% SG@WWME layet pyehion lamw]rri&lweﬁnésg an

el ect ol essl yirjdest189, £1PE¢ bat o qug%ﬁwﬁgm%ﬁgéﬁ%\ﬁt ed substrate 164

of Figs. 6a and 6b. It is noted that, as'1s o the extend that
t he buil d-u&b er serves as a seed for the further electrolessly
pl ated condd@P9¥e Iay E?HESWF‘EIF%SIWFY%#mkaembsmmm%oatom c

nucl eati on fmembﬁnehﬁf&{ﬁ@nm Bhiit and, ,as a result,
no | onger exi sts as ‘| ayer" groperbﬁg%g&g&%tﬁﬁere ??a?ﬁ Ffbdebaeen

di spersed aff"&t eglcﬁ'&ﬁt ogtd, féprinfed armeslzrbatrd 1890b Tlhh; assebAYeFig. S Not
shown in F' %meﬁﬁnﬂtecﬂéud&tﬁ‘t%:&@o?l}%é@acesl f oL xte (L Lhat the

bui | d-up | ayer serves as a site of ~atom ¢ nucediaoﬂ % he
bui | d- up Ia £ PEedstermigdiintescorinegpattent Hecatding tohes éfe)‘rem ated copper

layer. As se@ibddinfendSenRi? the el ectral essl Iat ed substrate 164
includes substrate porti on@%%‘eﬁ%ﬁ ng?ﬁp@éﬁﬂ“?"e’éﬁ?}%‘/@qi@@" btivertie up | ayer
162, and anbéF’ecBYot@@l’lygblvahddsmaaatucﬂmcba&t&:&%fﬂ@é’ﬁfesbﬁﬁhugﬁ conf or mal
conduct i ve SRE0 e rovided on the build up |ayer 162.
Seed | ayer 168 |hg%{5%5b$ﬁ§?n %%‘%%Wiﬁ#@ﬁ%dﬁw and fdpmingess yould ons 165
and 166, m@wemmbyehgswedmmmonsmmm&l e 4@l I's and

t he bottom eni 110, seed,| r_portion 160, whi cﬁ respectively
occupy regi g&]s caglr1 sponog:rhﬂbenltﬁﬁ?‘ﬁ’éuﬁgﬁse? 8, gmdpodirentsiof dhedrdsenter porti ons

174, [ooellm@mgopemapmdészgﬂowﬁcaramvzma%r-w%ﬂub% ple, laser
to enbodi ments conprises provrdrng a

assisted ne ti.on _accordi
second cond%&f“r ve&Fﬂngrp%ﬁesFﬂepag??%ﬁm&ﬂﬂm‘}&qumﬁ@Peﬂemmgel ectrol essly
pl ated subs(aATPhr TheLANE tédhabkipys aPHald-BEd e etxg%% Fatsereconf )

t ern of the

conducti ve la%/ r .defi nes g;attern correspondi ng
first condulffYaHON A DEovide; %?PW%ﬁﬂﬂua%bYWmfﬁMg, acbwriagi ng an

el ectrol yti seié&l:{wela_d_rﬂ{eeélhﬁélhﬁbi-%t:ﬂ KS&@S}E%%?I ?“Eﬁ%‘ﬂ g%to%hgl ated

substrate 164 of Fe%fs 6a and t he
el ectrol ytif%ul“fdrf# %H%g'vmfenbmnrﬁ&tammeduhwcmcp ﬁ&éz@ﬂ 102 havi ng
exposed T egivithtul &b ndvdbdieh #0P ah§ Yk

ectr Sl ed first
conductive | a%eﬁ [ ncI udr ng conf or ma érgémg?}? g]‘qslﬁf% 36 sel ectively

provi ded on“% ghylasgr P’é})@hon@acl'anrc;hgahsei assisltél:l pictalBbdtiorPhid €d second

conducti ve k%élc@gm ‘9 r i ncludes, in the shown
enbodi ment, second con t| ve ?,P l:élérnt}drf‘o aY\f&ﬁ‘%ﬁ"? ddepravdeyia 187,

second concRRSFHNES vsinglassn pblationlies wmhknbudﬁinhﬂﬁér Laa&emsib®y and tie bar
portions 1813{3@!&%0@1%9 BeldsSd Q@cro§d&%4fo embodiments to activate a laser

lé



[ 00621Referring next to Fig. 8 by way of exanple, enbodinents of the
present invention further conprise renoving the tie bars to provide a
printed circuit board, such as printed circuit board 190. Thus, as seen in
Fig. 8 the printed circuit board conprises traces 189 and a via 187
accordi ng tWOME/TsBefdet er m ned i nterconnect pattern. AdSVER2005/0873148
preferred enbodi nent, renoving the tie bars may conprise | aser abl ation of
the tie bars. By "renoving,"” what is neant in the context of the present

i nventi on enconpasses both substantially conplete renoval and trimrng, as
woul d be recogni zed by one skilled in the art. As described above with
respect to the exanpl e enbodi nent shown in Figs. 1-8, enbodinents of the

present i nvea&ﬁﬁhﬂ@%ﬁﬂ%ﬁ%ﬁ’él"?wﬁfgﬁ%?%e%g%/qel‘l&ﬁpéas r-based substrate

manuf act uri ng process of |aser assisted atterning
("LAVP") . ThETqdetrranined inflerppneckspatesnr inticatit® b€ the TaNer U By h@BRY

irradiation Fe\VA | 1.ngsS., _SuC s by way, of drilling, and may
sel ectively ﬁn%ttéa}?‘a;éggergﬁl %Fggﬁy‘f ﬁﬁ?’gﬁ‘é?qegﬁm PRf Pthgdasen petivatebleor m a
required des%@@ﬁ%ﬂtﬂ@&afdﬂﬁoﬁfpﬁ@ﬂé&ﬁ%ﬂﬁ%'B&@{]‘gﬁ} ct pattern,

Wi t hout the mﬂ, f(ﬁr ag?é Iithoég}raphi,c processing. " The l'aser may be
used through 1aser projeces ngychy magerial seed elgmenttswgh me ngiailadathon and

| aser di r ectrigin Mddified bAgiiic MaBkreAlas @ oo\ ed to.provide via
openi ngs usin Ia%g)r blation, in a w?ﬁﬂ%ﬁqﬁ%‘%ﬁéag%%%&%ﬁ%ted

metal | i zati ORIy palix § used & erenir a He babettictand Beddeddot eleatrolytic aser

acti vat abl e platifgiviereBldchel 136 te according.to the

pr edet er m ne intggrconnect p%%?ﬁﬁggﬁq?‘\s%@gatﬁ&gfgt}?fénthfétF&'é&‘PF{fgt abl e
material and®Tems a«%ypmﬂl%embadmmme@aMaeﬁﬁagr activatabl e
mat eri al r esubbfatetouhsridi ' [ne ujld up layer on the
substrate ingl ud?ng a coilg%%tq%d\?g&r%gét“e%ﬁ%%%sgeagea VIAORERINZE 4 pal | adi um
rich nmodifi éfeiyamddntareennests providexbpp tie iaetbfiniy @ bubdtAt€hoddirlifgt Wi ting
may opti onalshy died ; a,tie bar sfructure needed for
electrolytic plﬁa}t%i_%% &ﬁe&e&gﬁéﬁ%ﬁt??ﬁmﬁﬁFﬁﬁ@%“%ﬁ?@ﬁﬁpﬁm A printed
circuit boarcangpetivelegenbavingiangatteon wbirbgsbranihg b FRbRdeRIRiLSES @

via-definin (Welxills i sin .mcroelectronic substrate defining via
openi ngs t h%rl% n: gglto‘?al1 n%{elf%'gﬁﬁ’@gf‘ghﬁgy%éﬂﬂ?ﬁ! heipg yiadedubstangaliybst r at e
accordi ng té‘canp@dmuataﬁaiﬂﬂeicah&ﬁagmgyérm&{e@wmlﬁrg&%%;&ro% nnect s

esp

conpri si ng ive |ayer. having a pattern cor I'ng to the

predet er m ngﬁ?ﬁ%g&?%%& ™ Hhe &%,mﬁt%%ﬂmoﬂdmdtmjdrin&hﬂmﬁ bei ng made
subst ant i al metallioseadih] &ﬁéteﬁ&tﬁ{dﬁéinﬁ = ive.laver further

conpri sing arfyectond_ matgeri al differe ??f regl?neﬂ#eié %/ar_g‘?%g‘}lﬁﬁf‘?te? he second
material i nCTAATHGELTHEPHRFPending de Hae imtereonmdctand bei ng present on the

vi a-defini ng&fgubst rates only at regions corresponding to the interconnects.

[ 00631Advantt@§8bus| y, Advhntigeenily, @hbbdigdie St r@%’&-ﬂ Dudarovi de a
i ﬂt H%ﬁpena ached to the

printed cirguig. ard.that has an electric circui y

dielectric gtur‘%gggpa e@lc gm?ﬁg?rdd t Bpean pleetrid graviifirecyedtaahet saii t abl e
for accept i thg diblecielceirf28i26dGOMPORE FrSelb BB EaIN unf ed, ¢ her eon.
Enbodi nents_ of the present invention provi g%ﬁé@%ﬁ%‘gt% *t he
process on TEEBIES FIRFCLoms crmponsnsdhatwilllbé nemrited tharesml Ut i on,

el i mi nat i orEmbotifentldf itied SRSkt OGP BEVIBL 8568 S g Ipr oved ali gnnent
capabilities, and elini natg de- snegﬁlirl%gf.ﬂ ﬁaég%ﬂycﬁvﬁg?a@ﬁﬁé’ﬁ thents of the
present in@ﬁfﬁﬁ%ﬁ%@@l@@%%mh*ﬂgﬁk&l&m&oth for creating

vi a openi ngdintitdtiohdf @l i.ding a patterned build up |ayer
having a pattern _gorrespginlg‘igér}ap%gﬁ%%?ﬁ%ﬁ'd%&ﬂ%‘fﬁkﬁ@ﬁ?nﬁ nt er connect
pattern, tf@B2RAESP AN eliminate desthearing] It pagialdy eiboRihesR%E thd ©

provi di ng thiesdrR iRy GRIMESIcSrdi f LAMP according to_enbodi nents 17
advant ageofgfy: (tn%; elim nglfde%{E?%Wﬁ‘SﬁfafﬁﬁV’i‘fﬁﬁﬁ%gPﬁhm crepdingf or e t he
need to us&@PpeningarndsinatdditER)foapaovitings %éﬁ%ﬁ%ﬂcﬁfﬁ&ﬁgﬁ; (2)
el i m nat es ar_process; ) provide hi'gh“resol ution
L o e B S T (e ook L, o
of feat ur ePatiermdhiineliménatingptvetreed fangs alggyﬁg@quspé&rffﬁd@ gl engt h
range of tl@ﬁehﬁéﬁgnﬁgagc.fhg TN as, tor éxanple,” a mvéﬁ"@ngth
range; (4) provides THproved ari pecording; tpiembadimentsot h via and

i nterconnect patterning and metallizatifon since (a) elininates conpound
effects of having to use both laser irradiation for generation of via
openi ngs and |ithography for generation of the interconnect pattern; (b)
provi des a higher imaging alignnent than that associated with a contact
maski ng process for |ithography; (c) where a UV | aser is used as the | aser
source, provides better alignment when conpared with the IR CO2 | aser used

. e r - . o




[0064] Wth respect to the LET process described in the Background section
above, enbodi nents of the present invention advantageously dispense with a
necessity to ablate the substrate on two occasions as described, once to
provi de the via openings, and again to provide recessed trace |ocations as
descri bed ¥Q¥WI/0T8865addi ti on, enbodi ments of the preserneCrszansiosBM

advant ageousl y di spense with a need to etch the substrate in order to
provi de an interconnect pattern on the substrate, thus significantly

i mprovi ng throughput and neanwhil e producing traces that are identical to
known non-LET traces, that is, traces disposed substantially at the
substrate surface rather than enbedded traces. In addition, enbodinents of

the present Lpy ?g(?u%ﬁ t ggeousl v ense, W th a need to renpve excess
conducti ve mat e?ﬂl;% ﬁﬂ a ra%ees’at%l ;hgl? Sfﬁﬁh}'&%‘f‘ﬁsﬁr@dﬂhﬁfﬂﬁ@‘fﬂéﬁy neans,

such as thr oug?d{;pumdr}gﬁ]mmrédistm)ah&ms&aéodme& bé‘e@kesOFﬂt 2 Qﬁtes

Advant ageous I.nvention resu

nts of the esent
i ntroduct i on con% rﬁeﬁg‘eﬁﬁi”é(ﬁeﬁsr %’é@’&vﬁ& @Shfeﬁﬂuﬁﬂemﬁemgapdnm ng to

t he predet ermetdﬁzaﬂitb:ebp@namﬁ fad petteininpdiid } ovi si on
of the int erco&geects accordi ng to fan enbodi ment i1 nvo ves so?ﬁgselg fectrol ess

pl ating, thal™ '€ na0Cmeteyange aﬁB&F?‘Fl'G \hﬁ%wa‘eqlmgthehyge of lﬂnleaasemg

advant ageoustqmcsugéufwenag fgpa_ Eﬂ, H%\ &Egea@s ma&e?e achi eved.

[00651Referrjn8“}o Fi.g there is (1l ustratedcone i ble

systems in V&#@é@mf@m lllhesﬁwbgﬁmnaancbmtemnnnw &eﬁﬁﬁg The

shown syst ena@dmdaaies S ron se 1000 whi ch
SR SRR BN SiRe S Ering

includes a printed circuit board suc &JUEE rcui t
board 190 ofb@d%%weémﬁméargm@nomnfm@pm godred BitepdhpRtor t he

el ectronic art, | ication_specific IC (ASIC).
| ntegrated circui ts %ggﬁ%ﬂ?%méﬁﬁ%%g’? @8% & il JBR&ingand control
chi pset s) neﬁ}lmgltﬂbapMage@hatadmdoadaﬂmmah bd3gpt s of this

Rﬁngrﬁaeeé
i nvention errbo iyyent depicted by Fig. 9, the system 90 may
al so incl udeﬂ%gﬁlﬁ{y Jrjrg” VT ey the seprcequrovidesbetier st or age

devi ce 1006 al@lmgrtwhenccpu éﬁdt\pﬂh KOO %rééﬁﬂge
b : 1QQ&"%&U%‘3‘}‘2&] ncl ude %ut are

way of a bu ?‘ i}ﬁ Exanpl es of the nmenory 1
not lim ted a ﬁbm access nmenory (SRAM and dynam ¢ random access

nmenory ( 2(/27 Exarrpl es of the mass storage device 106 include but are not

limted to d09f4dd di SWVtthwemecatccmeﬁaﬂtpﬁc&é’s dlscvBed $Pthe Badll gﬂ&;ﬁﬂ

versatile dig and sQ forth. Exanples of the in out put

nodul e 1008 ?}F{lﬁ‘ﬂ{ %ﬁ(&% ? @P@‘E‘S’f‘“ iR BEFSERE ipveRtion aduantegeansly cont r ol

ar r angenent SIISRFI’GEmpﬂagmeeesaﬂjIWEMaterﬂ@rsi;B%atemv?& é&&foﬁsragxa”p' es of the
i nterface (Pd)

bus 1010 m? %%et%% not ‘r:{{%ed to a perlcgheral contro
bus, and | ndustry P&ﬁ%l H’ol(?‘é?l e GPeningsendchegain do gravide vedelsed n vari ous
enbodi ment s tracbeo&jﬁshea& B8sdiibdi®ode Mir{ £48%Rn! '%b@tﬁgﬁt@%&ﬂ%ﬁer sgnal

digital aSSLstarg{ ocket PC, a tablet PC, a note qeEK op
conputer, a’§e &f‘ GRtageonsly; dis E%?‘?Féﬁtb@neadwgfqblfhyenbsmdm server.

[ 0067] Anot herderts bﬁﬁi&tarﬁﬂdtéﬂc&%ﬂé’c% phitBSt 'a“ That is
el imnation,of el ect | ess copper at| ng fﬂ%sﬁfbs&%ﬁ Wibst rat es
for a print FBPEOYRE; @eanrdﬂlﬁpﬂddugmgiaa@sttha mﬁdd‘lﬁﬁahfo

known non-LET traces, that is, traces disposed substantially at the substrate
surface rather than embedded traces. In addition, embodiments of the
present invention advantageously dispense with a need to remove excess
conductive material from the trace and/or via locations through any means,
such as through grinding or through chemical mechanical polishing,
Advantageously, embodiments of the present invention result in the
introduction of conductive material seeding only in areas corresponding to
the predetermined interconnect pattern. Additionally, where the provision

of the interconnects according to an embodiment involves solely electroless
18



of making a coreless substrate using LAMP without |asing el ectroless
plating. [0068]Fig. 10 illustrates |am nation of copper panels 1000
together. Figs. 11A-11B illustrate patterni ng copper panels 1000 using
| aser projection patterning (machining) on both of the copper panels. The
result of twebtEsemsspatterning are the patterns 1110. [#fiSH2606@37814d2A- 12B
Illustrate doubl e-sided |am nation of dielectric |layer 1200. Dielectric
| ayer 1200 nay be plastic or fiberglass, such as ABF, or any other
dielectric suitable to serve as a substrate for a printed circuit board.
Fig. 13 illustrates organic material 1310 build up |l am nation on the copper
panel. It should be noted that while Figs. 13-27 illustrate processes on
one of the cgpper panels, both copper nel s can be processed with the sane
processes. [g’%&labaqﬁfl?%"ﬁﬁﬂ’g g bt dlectrplyitig platingr gani ¢ bui l d up
mat eri al foadimgageqaisﬂy,esligﬁiﬁc@&&gm,&ﬂ@&g@&a&ngéeﬁ%&aggs the result
a pa

of dip coating.the substrate illustrated in"Fig. 14 w | adi um
sol ution for ﬁv%fl'seed coat 1510. Following with Fig. 16, the substrate
illustrated in Fig. 15 has the palladium seed coat |aser activated by | aser

assi st ed net [O65Eat | onRefesrﬂlgtleigr. 9} @dre ofiRGEAES oa@r%gsxfgagg;ﬁs%@é the

activated portions.of suyrface and reference 1620 rep
non- act i vat e HIPE fHwdu dinaenis of thepresemirinventiceadydeatsedg The

pal | adi um acshiavR syith@ IPERFefaLd d d1b b f film(e.g.,

ABF) conprisg LEP;YI adi um $eeepled c’b 'lﬁ%-s%gl%l%yer %g%F%’%E@WQ&di umrich
modi fi ed org‘ﬁﬁf efaRInteA dingnitoard sughf ag; for dxanpale printedrcirchitdoaract i vat i on
of a pal | adi 190 s¥¥8k28 QedRARHI e | ablates the.acetates in the
material, | eaviﬁ;g %ehi nd the aggﬁ'agf%rlmh% C ten%rﬂs?“fi'é’aerg’rﬁﬁ EHYRri al as
not ed above.aseembhelyody feghede am appeaticrotpiecHid IO ASIC). htsgratrre fol | ows

the pattern GR%iReLRnb iNES: ,CLo -Mias is.done b Kk projection
machi ni ng or thr ougﬁn%hgﬁ%pg‘%g\g‘gg” BLaRiics Powad, "’\ﬂﬁe‘if’é‘?{m%WBWFWB%SPC
T/ US2006/ 04 mdseibe padkegeiddn agdoridhhceswithicesbdditen@sof thidiwwagshng t he

pal | adi um acetate seed coat fromthe unpatterned portions 1620 of the

or i on 17100 sl e SRRRrhER danRa L et IR rsieR sslay e up
| ayer i ncl udeghudeganpinnemary dA02adirhpbits promsior 10081 inaks &BAed t hr ough
L:; e(r: oﬁg ﬁ : ‘S’Siég‘i’c\%a i{?fg?,aamrgg)hclraagll NP o%tgtt.n? mlo%lsufer 16 tclo\{l% e%ibtloeeafchlortnhertbt]ye nash

way of a bus 1010, as shown. Examples of the memory 1002 include but are

not limited to static random access memoty (SRAM) and dynamic random

access memory (DRAM). Examples of the mass storage device 106 include

but are not limited to a hard disk drive, a compact disk drive (CD), a digital

ver§aﬁle disk drive (DVD), and so forth. Examples of the input/output

module 1008 include but are not limited to a keyboard, cursor control

arrangements, a display, a network interface, and so forth. Examples of the

bus 1010 include but are not limited to a peripheral control interface (PCI)

bus, and Industry Standard Architecture (ISA) bus, and so forth. In various

embodiments, the system 90 may be a wireless mobile phone, a personal

digital assistant, a pocket PC, a tablet PC, a notebook PC, a desktop

computer, a set-top box, a media-center PC, a DVD player, and a server.

o)

(00671 Another embodiment eliminates two steps of copper plating,.
That js elimination of electroless copper plating in the fabrication of
substrates for a printed dircuit board. Figs. 10-27 illustrate the embodiment
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[0072]Fig. 18 illustrates the result of electrolytic copper plating 1810
the substrate 1000 illustrated in Fig. 17. The copper plating selectively
covers the copper traces, via walls and tie bars. Wth the sel ective copper
plating, DFR and litho-patterning are not required. In this enbodinent,
this procegobemefssés in the elimnation of two-step camars2pisaisng (i.e.,
el ectroless then electrolytic). In this enbodi nent, electrolytic copper
plating is performed directly on the |aser activated build up surface in
the build up layers. This is nmade possible by the fact that all copper
features are electrically connected to the sacrificial copper panel used
during the build up building process. [0073]Fig. 19 illustrates a
subsequent diglegt.ric build u rocess perforned on the substrate

i | lustrated i°§“@‘d’.‘g fs?."r‘}l?‘iséflgf %ted#&%ﬁém%ﬂ}qué uging elgatroles10 | s

conpl eted, Fiplatind) illustrates the result of laser via drilling the built
up layer formng a plurality of vies 2010. Fig. 21 illustrates the result

of dip coati e substr illustrated in Fig. 20 with a palladium

sol ution thai%sﬁézds th ‘%%S]t“f'%’faée% Betion of eopper panels A0PP tagether: es t he

result of | aFigs. aTAIMA illgtrhtes opbet pgnay@mdagjﬁg Hslgyﬂ.g]—gghg)g‘ in Fig.
a waf [ "an

21. As iIIustrgt ed, reference 2210 shows an” acti vat ed

reference 22BBYEHERE @pchinmg) anhwthiof theyeanprer protlsr Theee0Dof thedasen

non-activategaa@ﬁﬁhgameﬂmgﬁhﬂgﬁg3af@§en that the patterned activation
sel ectively activatés portions of the seed coat. Fig. 228 illustrates a top

pl an vi ew of substrate_jlLlustrated in Fig. 22A. [0074]Fig. 23A
illustrates F&%S} esul ti?’cﬂs' T2k usirats doublesided laminati digdextriér om t he

unpatt er ned hget 1200 DRISHEE Iyee 15008 HkY HeSoi2dkic o Al L8 AR o 224

Fig. 23B iIIustraﬂes a.top plgﬁ ViEM/O? tﬁ% sﬁﬁgtratgﬁég%ﬁg?ﬁgfgﬁgPﬁ Fi g.

23A any other dielectric suitable to serve as a substrate for a printed circuit
board. Fig. 13 illustrates organic material 1310 build up lamination on the
copper panel. It should be noted that while Figs. 13-27 illustrate processes

on one of the copper panels, both copper panels can be processed with the

Same processes.

[0070] Fig. 14 illustrates laser drilling the organic build up material
forming a plurality of vias 1400. Fig. 15 illustrates the result of dip coating
the substrate illustrated in Fig. 14 with a palladium solution forming a seed
coat 1510. Following with Fig. 16, the substrate illustrated in Fig, 15 has the
palladium seed coat laser activated by laser assisted metallization. As
illustrated, reference 1610 represents the activated portions of surface and
reference 1620 represents the non-activated portions. In one embodiment
when the seed coating is palladium acetate, the laser activated portions 1610
of the film (e.g., ABF) comprise a palladium-seeded build-up layer including
a palladium rich modified organic material build-up surface. In particular,
laser activation of a palladium acetate material selectively ablates the
acetates in the material, leaving behind the palladium rich modified organic
material as noted above. In one embodiment the laser activation of the
surface follows the pattern for both lines and micro-vias is done by mask

projection machining or through a CAD driven laser direct write .
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[0075]Fig. 24A illustrates a subsequent dielectric build up process
performed on the substrate illustrated in Fig. 23A. After the dielectric
build up | ayer 241018 conpl eted | aser trace ablation is perforned on the
built up layer as illustrated in Fig. 25 where traces 2510 are forned. As

Il lustrateayoanopbissesl ity of Fig. 26 illustrates the respdtu£bosnsrsia

control | ed-col | apse-chi p-connect (C4) solder ball (e.g., 2610) and first

| evel interconnect (ELI) (e.g., 2710) bunping. 100761Fig. 27 illustrates
the substrate of Fig. 26 having a sacrificial copper plate etched away to
form copper protrusions 2800. [00771In another enbodi ment, after the
dielectric build up (see Fig. 13), laser ablation for formng trace and tie

b i f desij | bandrilling/ abl gti ee Fig. 14 d di
conting (see el 15 FiEsdzatleirier de fendl o ashing i pelisciumsccite | <

per f or med (sé@d:t%.fram-tﬁk.u:ﬁa‘attemé&ppfﬁt&gqugij%ﬁgug&}%blm&ﬁ%%?a& ..

activates thg.organi ¢..materjal selectively using the sane proj
(i.e., to engl@é 1? HSS@PQEF‘H S FRft Femay e drgmendrtiont7llac Fpr ekiapiybst r at e
i s washed aswhenkhg madtérial 6F tHaipntRIRAIHIRA he substrate I.s washed,
el ectroless plating is |c;)erforr_nepc?la on the sul%?t%&%g&cli—'i‘%.sa %‘ﬁﬁcﬁmwlat es the
result of el g%%?%ﬁ%ﬂﬁﬁ@“@&bjmdtﬁm@bﬁsmhﬁﬁtm o\ R PRIIAGIum

[0078] Fi 9. 2&%cekdth Uidet 8tiSeath S ia filling and/or electrolytic
plating the substrate with %%@f%‘fg.ghﬁagﬁ?mmwﬂﬁﬂVﬁi- mechani cal

pol i shi ng (Cﬂgﬁ;%]i s eliginated in this enbodi nent as the copper plating only

takes place Th The sel EHQ/iéﬁl‘ffrﬁﬁsﬁb@F@@étqf@mlm@pdﬁ@ldt&ﬁgeIBm
i rradi ation thepubB§geste 1000 illustrated in Fig. 17. The copper plating selectively

covers the copper traces, via walls and tie bars. With the selective copper
plating, DFR and litho-patterning are not required. In this embcdiment, this
process benefits in the elimination of two-step copper plating (i.e., electroless
then electrolytic). In this embodiment, electrolytic copper plating is
performed directly on the laser activated build up surface in the build up
layers, This is made possible by the fact that all copper features are

electrically connected to the sacrificial copper panel used during the build
up building process.

[0073] Fig. 19 illustrates a subsequent dielectric build up process
performed on the substrate illustrated in Fig. 18. After the dielectric build
up layer 1910 is completed, Fig. 20 illustrates the result of laser via drilling
the built up layer forming a plurality of vias 2010. Fig. 21 illustrates the
result of dip coating the substrate illustrated in Fig. 20 with a palladium
solution that seeds the substrate surface 2110, Fig. 22A illustrates the result
of laser activating the surface of the substrate illustrated in Fig, 21. As
fllustrated, reference 2210 shows an activated via wall and reference 2230
shows an activated via bottom. Reference 2220 show a non-activated
portion. Thus it is seen that the patterned activation selectively activates
portions of the seed coat. Fig. 22B illustrates a top plan view of the substrate
illustrated in Fig. 22A.

[0074] Fig. 23A illustrates the result of washing the palladium

solution seed coat from the unpatterned portions 2310 of the substrate
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[0079] I n anot her enbodi nent, after dielectric build up (see Fig. 13), |aser
mcro-via drilling/ablation (see Fig. 14), dip coating (see Fig. 15), |aser
assisted netallization of the substrate, electroless plating (see Fig. 28)
and via filling/plating (see Fig. 29), palladiumDFR | am nation 3010 is
appl i ed tow@eeosntssesr ate. The result is illustrated in pag1gus20ddrsisiy t hi s
enbodi nent, after the palladiumDFR | am nation of the substrate trace | aser
ablation and | aser assisted netallization are performed on the substrate.
The result is illustrated in Fig. 31 that shows trace 3110 and | aser
assisted netallization |ayer 3120. [0080]Fig. 32 illustrates the result of
performng trace electroless plating of copper 3210 on the substrate

illustrated piE -gAQ%Er the.frace el ectroless plating, in this

enbodi ment traceag?de%t]iﬁl [y |bFfﬁ'g??ﬁgué?fﬁs??%Bbﬁ‘@ﬂ“’t@thﬁéubﬂkﬁéerate. The
result is il th Fig. 734, 33. The substrate is then DFR stripped as the
result illustrates in Fig. 34. This enbodinent elimnates a need for a CW

step as a | afgesj S us t L,vely metallize the build up | ayers
fol | owi ng t he e at?f%?%?g 2ty 8 fbreapent ‘i‘ﬁ’cf‘”—'a“!%‘?}l%vpmra@qsag of tie

bars. [0081] Peréomnesban temsubstiiate ilhmadtabpFigasah | l&'ﬂéﬂl‘i@&ﬁ%ﬁ%ﬂ@&- 10- 34
sSucC

may al so be rint circuit ard in a system as system
90 di scuss edH %gve zgﬁ%l%ﬁ%ﬁ}’%&%%%ﬁrit’ﬁﬁcﬁiﬂgfa@n is performedhondhp builtrept s can
al so be st orlagtenas mud&ﬂieddn@ig!@d&h&h%—traces 2510 are formed. As iltustrated, a
plurality of Fig. 26 illustrates the result of controlled-collapse-chip-connect
(C4) solder ball (e.g., 2610) and first level interconnect (FLI) (e.g., 2710)

bumping.

[0076] Fig. 27 illustrates the substrate of Fig. 26 having a sacrificial
copper plate etched away to form copper protrusions 2800.

[0077] In another embodiment, after the dielectric build up (see Fig,.
13), laser ablation for forming trace and tie bars (if desired), laser via
drilling/ablation (see Fig. 14) and dip coating (see Fig. 15), laser assisted
metallization of the substrate is performed (see Figs. 4A-B). After the laser
assisted metallization activates the organic material selectively using the
same projection mask (i.e., to embed the plating seed into the polymeric
surface), the substrate is washed as in Fig. 17. In this embodiment, after the
substrate is washed, electroless plating is performed on the substrate. Fig.
28 illustrates the result of electroless plating 2810 on the substrate after
washing.

[0078] Fig. 29 illustrates the result of via filling and/or electrolytic
plating the substrate with copper 2910. The need for chemical mechanical
polishing (CMP) is eliminated in this embodiment as the copper plating only
takes place in the selectively metallized region where the laser irradiation

impinges.

[0079] In another embodiment, after dielectric build up (see Fig. 13),
laser micro-via drilling/ablation (see Fig. 14), dip coating (see Fig. 15), laser

22




readabl e nedi um and be read by a nmachine to performinstructions. The

machi ne-readabl e nmedi um i ncl udes any nechanismthat provides (i.e., stores
and/or transmts) information in a formreadable by a nmachine (e.g., a
conputer, FDA, cellular telephone, etc.). For exanple, a machine-readabl e
medi um i nclwides7nesaes only nmenory (ROV); random access ngigiissodsioddds

magneti c di sk storage nedia; optical storage nedia; flash nenory devices;

bi ol ogi cal electrical, nechanical systens; electrical, optical, acoustical
or other formof propagated signals (e.g., carrier waves, infrared signals,
digital signals, etc.). The device or machi ne-readabl e nedi um may include a

m cr o- el ectronmechani cal system (MEIVIS), nano technol ogy devi ces, organic,
a rotating magnetic 23 or

hol ogr aphi c, _sol.id-state nenory deyi ce and/ or 1% g

optical di sk.""ssﬁ’%g%%t zatipn of the shbstrate g ceolesg platingdseBigd2®taridout ed when
partitions Obidﬂﬂhngpldtﬁigs(sE@Fig.bgﬁPaﬁfcﬂﬁﬁ@mlkﬂﬁRa@dgf Rioalk Bﬁg@%nes,
such as acrosgs al&ﬁi nt erconnecti on of conmputers or as di er entPvr T tal

machi nes. [0 Fate. e resylt dsilingirated infigB0dntthistranisodioemt defeer | bed
and shown i NeBaiBRAMIORR 1Aty Lt o] nder st ood .t hat such
enbodi ment s aréélgrrerel y ] F}I!iustratt?}\#e&g?egt{rl\%g&n% &%gé’ rllégbﬁﬁéo%ﬁnfi ®br oad

i nventi on, aftpistedmetpllization ara penformrd b the stibstetd. Thdwesalesi i C

constructi ongi Akt HAFQE 9 an ﬂ%s:ﬁ bed, singce vayious other
nmodi fi cations may occurgf{;)]13 WOSIZQ& aﬁaﬁﬁg} 1#’?%%?515 ‘fﬁ'@éf’%ﬁh‘m

[ 0084] Ref er elayer BH2Q-he specification to "an enmbodi ment," "one enbodi nent,"
"sonme enbodi nents,"” or "other enbodi nents" nmeans that a particular feature,
structure, Ofpp8HRr act effoSha fiy i ' nnection wth the embodi nents

i s included 'l:n at | eastlbgorre L%%g%itgrgg?gg?t%o CHPSF e £ese glecirpless |

enbodi nent s. Plafiegwafcopper 33 Peur thecebsttate ikwstadedwoFig, 31 OngeeaodhoEnt , " or

"some enbodi . .not. essar i.l || referring to the sane
enbodi nents.éllg‘?@ese %telg T?%eﬁ%weé‘ghﬁcﬁﬁ 'B'ﬂiémc,PlF'é’égaw@,lsstructure,

or char act erapplies torthy substritghThe result' is didiiathe® id Pid. BIeOhe biBd-f85d i cul ar
acteristic is not required to be

conponent, f tructure, or.char

i ncl uded. | ft%?hgﬂﬁ%g%ﬂﬂe?aﬁsitgﬁr‘fﬁm@ﬂ&?‘ﬁ?ﬁf‘é 1g-84. This gpbodisreng| enent, t hat

does not nealiminates 4 seedifoy adlPGkep Bfa BlseFRNised th sél@@ﬁx?eﬁf%ett%lﬁ@%i on or
ude there being

clainms refer to "an additippal” elenment, that does not precl
nore than ontgeg’f'"ﬁfg’ %H&’Fstﬁg’ ARAng fthe-same pathpraused for ablation, and also for
plating of tie bars.

[0081] The embodiments discussed above and illustrated in Figs. 10-
34 may also be placed as a printed circuit board in a system, such as system
90 discussed above and illustrated in Fig. 9.

[0082] Some embodiments can also be stored on a device or machine-
readable medium and be read by a machine to perform instructions. The
machine-readable medium includes any mechanism that provides (i.e,,
stores and/or transmits) information in a form readable by a machine (e.g., a
computer, PDA, cellular telephone, etc.). For example, a machine-readable
medium includes read-only memory (ROM); random-access memory
(RAM); magnetic disk storage media; optical storage media; flash memory
devices; biological electrical, mechanical systems; electrical, optical,
acoustical or other form of propagated signals (e. g, carrier waves, infrared
signals, digital signals, etc.). The device or machine-readable medium may
incdlude a micro-electromechanical system (MEMS), nanotechnology devices,

organic, holographic, solid-state memory device and /or a rotating magnetic
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1. A nethod conprising: |aser projection patterning a netal panel of a
substrate; lamnating a dielectric |ayer on the nmetal panel; |aser _
irradiating the substrate to forma plurality of vias in the substrate;
| aser activating a seed coat on the substrate to form activated seed coat

portions arliOgemOrIsesat ed seed coat portions; was hragusoesodrmsact | vat ed
seed coat portions fromthe substrate to yield a patterned build-up | ayer
on the activated seed coat portions on the substrate; and after

washi ng the unactivated seed coat portions, formng a conductive |ayer on
the activated seed coat portions. 2. The nethod of claim1, further
conprising: dip coating the substrate in a seeding solution to provide the

seed coat. 3 . f.claiml urt her, conprising: . electrolytic
ol ating o meriPPspk TR afyi® Bt pachific earablohediten fagtbediatsted he
patterned bumwhbenypartitipas ofireardtions havebeir hﬁt@&ﬂﬁ@di&éﬁiﬁ%ﬁ{%pattern
to yield intergonnects \M,%grei n a sacrjficial copper plating is used to

provi de an eF&ct FS SAPSLhHUEHCPBReGHAT: Qhromypruiers o g diffepsind vintgal
machines,

[0083] While certain exemplary embodiments have been described
and shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative of and not restrictive on the broad
invention, and that this invention not be limited to the specific constructions
and arrangements shown and described, since various other modifications
may occur to those ordinarily skilled in the art.

[0084] Reference in the specification to "an embodiment," "one
embodiment," "some embodiments," or "other embodiments" means that a
particular feature, structure, or characteristic described in connection with
the embodiments is included in at least some embodiments, but not
necessarily all embodiments. The various appearances "an embodiment,”
"one embodimént," or "some embodiments"” are not necessarily all referring
to the same embodiments. If the specification states a component, feature,
structure, or characteristic "may", "might", or "could" be included, that
particular component, feature, structure, or characteristic is not required to
be included. If the specification or claim refers to "a" or "an" element, that
does not mean there is only one of the element. If the specification or claims
refer to "an additional” element, that does not preclude there being more
than one of the additional elemen.t.
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4. The method of claim3, further conprising: electrolytic nmetal plating
the traces. 5. The nethod of claim3, further conprising: palladiumdry
filmresist lamnation; and dry filmresist stripping the substrate. 6. The
met hod of claim1, further conprising: performng |aser assisted
nmetal i zati on before the washing the seed coat, and providing a patterned
conduct i vewnayeklaghedige patterned-buil d-up-Ilayer-substrate conbi nati on
according to the predeternined interconnect pattern by electrolessly
plating 25 the patterned-build-up-layer-substrate conbination to yield an
el ectrol esgly phat&rbSioRfhi@Le: 7. The nmethod of claim 1, wherein the seed

coat conprises 1paI l'adi um'acetat e.
aser projection patterning a metal panel of a substrate;

laminating a dielectric layer on the metal panel;

laser irradiating the substrate to form a plurality of vias in the substrate;

laser activating a seed coat on the substrate to form activated seed coat portions
and unactivated seed coat portions;

washing the unactivated seed coat portions from the substrate to yield a patterned
build-up layer on the activated seed coat portions on the substrate; and

after washing the unactivated seed coat portions, forming a conductive layer on

the activated seed coat portions.

2, The method of claim 1, further comprising:

dip coating the substrate in a seeding solution to provide the seed coat.

3. The method of claim 1, further comprising:

electrolytic plating a metal selectively on traces and the plurality of vias on the
patterned build-up layer according to a predetermined interconnect pattern to yield
interconnects, wherein a sacrificial copper plating is used to provide an electrical

connection for the electrolytic plating.

4. The method of claim 3, further comprising:
electrolytic metal plating the traces.

5. The methed of claim 3, further comprising:
palladium dry film resist lamination; and
dry film resist stripping the substrate.

6. The method of claim 1, further comprising:
performing laser assisted metallization before the washing the seed coat, and
providing a patterned conductive layer on the patterned-build-up-layer-substrate
combination according to the predetermined interconnect pattern by electrolessly plating
25



8. The nmethod of claim1, wherein the build-up |ayer conprises a palladium
seeded organic build-up layer. 9. The nethod of claim1l, wherein |aser

projection patterning further conprises drilling a plurality of mcro vias.

the patterned-build-up-layer-substrate combination to yield an electrolessly plated

substrate.
7. The method of claim 1, wherein the seed coat comprises palladium acetate.

8. The method of claim 1, wherein the build-up layer comprises a palladium seeded
organic build-up layer.

9. The method of claim 1, wherein laser projection patterning further comprises

drilling a plurality of micro vias.
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