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PRINTED CIRCUIT BOARD INTERCONNECTION BETWEEN LAYERS

FIELD OF INVENTION

This invention relates to a method of forming an
electrical conductor in a substrate for supporting one
or more electronic components and to the resulting
structure. More particularly, this invention relates
to forming an electrical conductor using a binding
material and optional particles inside a printed
circuit board, a printed wiring board, a multi-chip

module or an integrated circuit package.

DESCRIPTION OF THE RELATED ART

In a printed circuit board, an electrical

conductor (sometimes called a "via") connecting traces
of two or more conductive layers (separated each from
the other by one or more insulating layers) is
typically formed by creating a via hole through the
insulating layers and plating the via hole.

In creating via holes in a printed circuit board
by mechanical drilling, small drill bits cost more than
and wear faster than large drill bits. Mechanical
drilling also requires, in a structure being drilled, a
target area (sometimes called a "land") that is larger
(typically 10 to 15 mils larger) than the drill bit's
size, to account for possible misalignment during
drilling. However, space used by vias and target areas
limits the number of traces that can be formed in a
given area of a printed circuit board.

Via holes having a small diameter, for example, in
the 1 to 2 mil range can be created by focusing energy
from a laser beam in a method called "laser drilling".
However, laser drilling is expensive, and the hole's
size and the laser's impact on the material are not

reproducible. Laser drilling is described by T.F.
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Redmond et. al. in "The Application of Laser Process
Technology to Thin Film Packaging" in 1992 Proceedings
of 42nd Electronic Components Technology Conference
(ECTC) pp. 1066-1071; and by J.M. Morrison et al. in
"A Large Format Modified TEA CO2 Laser Based Process
for Cost Effective Small Via Generation" in 1994
Proceedings of International Conference and Exhibition
on Multichip Modules (ICEMCM) pages 369-377.

Via holes can also be formed in a structure by a
dry etch process. However, for a dry etch process, the
to-be-etched structure must be thin and small, as
compared to structures drilled by a mechanical drilling
process. See "Higher Density PCB's For Enhanced SMT
and Bare Chip Assembly Applications" by Michael Moser
et al., 1995 Proceedings of ICEMEM, pages 543-552,

In another process, via holes are formed through a
photoimagable (i.e. light sensitive) dielectric layer,
as described in U.S. Patents 5,055,321, 5,097,593, and
5,092,032. However, in such a photoimagable process,
adhesion between (1) the photoimagable dielectric layer
and (2) the conductive material plated in the via holes
can pose problems.

U.S. Patent No. 5,428,190 describes the use of an
anisotropic adhesive to form interconnects between a
flex circuit and a rigid circuit. 1Interconnects can
also be formed using a conductive polymer, as described
in U.S. Patent 5,300,208. Finally, interconnects can
also be formed using an isotropic conductive paste, as
described in U.S. Patents 5,250,228 and 5,282,312.

As another method of connecting traces, Yusuke
Wada et. al. in "A New Circuit Substrate for MCM-L" in
the 1995 Proceedings of ICEMCM, at pages 59-64 disclose
the use of a conductive paste to pierce through a core
layer embedded with woven glass. See also, Kenji Tsuda
in "Matsushita Team Eliminates Holes in High Density
PCB" in Nikkei Electronics Asia, March 1995,




10

15

20

25

30

35

WO 97/13393

pages 69-70.

SUMMARY

In accordance with this invention, a material,
called a "micro filled via" material (or "MFV"
material) includes a binding material and optionally
includes a number of particles (between 0%-90% by
volume) dispersed in the binding material. The binding
material can be any material, such as a polymer that is
either conductive or nonconductive. The particles can
also be formed of any nonconductive or conductive
material, such as a conductive polymer or a noble metal
(e.g. copper or gold). In four alternative
embodiments, the binding material and the particles are
(1) both nonconductive, (2) both conductive, (3)
respectively conductive and nonconductive, or, (4)
respectively nonconductive and conductive.

Such a MFV material forms portions (also called
micro filled vias) of a substrate (such as a printed
circuit board (PCB), a printed wiring board (PWB), a
multi-chip module (MCM) or an integrated circuit (IC)
package) at one or more predetermined locations
therein. In one embodiment, the locations are
predetermined (i.e. determined before fabrication of
the substrate) to be locations of to-be-formed
electrical conductors passing through an insulating
layer to connect two conductive layers or a conductive
layer and a mounting pad, to implement a predetermined
circuit.

An electrical conductor can be originally formed
through a densely populated MFV material (e.g. a
conductive paste with conductive particles occupying
greater than 30% of the total volume) simply by contact
between conductive particles located adjacent to each
other, especially when the MFV material is subjected to

pressure e.g. during lamination of various layers to

-3~
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form the substrate.

In an optional step, the micro filled via material
can be subjected to a programming current (in a step
called "programming") to lower the resistance of such
an originally formed electrical conductor. During
passage of a programming current, the particles
carrying the current dissipate heat to the surrounding
binding material. 1In one embodiment, the binding
material has a melting temperature lower than that of
the particles. As currently understood, the binding
material softens on being heated in this manner and
moves out from (1) between adjacent particles and also
(2) between a conductive layer and the particles in
contact with the conductive layer, thereby enlarging
the respective contact areas and lowering the
respective contact resistances.

In one embodiment, if a layer of oxide surrounds
and separates the conductive material in two adjacent
particles or if a layer of oxide separates a conductive
layer and a particle adjacent the conductive layer, the
passage of a programming current heats up and melts the
oxide layer 1locally. Simultaneously, the conductive
materials of the particle and the conductive layer also
melt locally (because an oxide's melting temperature is
typically higher than that of the material) and fuse
with each other to form a link between the two
particles or between the particle and the conductive
layer. Therefore, in one embodiment, an electrical
conductor in a densely populated MFV material is formed
only of the materials of (a) one or more particles, and
(b) the conductive layers.

An electrical conductor can also be originally
formed in a MFV material by application of a
programming voltage to break down any nonconductive
material located between the particles into carbonized
filaments (also called "links") that electrically

PCT/US96/15975



10

15

20

25

30

35

WO 97/13393 PCT/US96/15975

couple the particles. Therefore, an electrical
conductor shaped as a chain of particles and links can
be formed by programming a MFV material, such as a
sparsely populated MFV material, wherein the particles
occupy less than 30% of the total volume. Such an
electrical conductor, shaped as a chain of particles
and links, can also be formed in a densely populated
MFV material.

In a MFV material devoid of particles, wherein the
binding material is formed of only one or more
dielectric materials, an electrical conductor is
originally formed through the MFV material only after
programming by breakdown of the dielectric material
into a carbonized filament connecting the two
conductive layers. In another MFV material devoid of
particles, wherein the binding material is formed of a
conductive material (such as a conductive polymer), the
electrical conductor is originally formed by simply
placing the MFV material at the predetermined
locations.

The MFV material can be placed at the
predetermined locations in a number of holes (also
called "via holes") in a dielectric layer located
between the two conductive layers. 1In one embodiment,
the dielectric layer is formed of a photoimagable
material (i.e. a material that softens or hardens when
exposed to light), and the via holes are formed by
appropriate masking the dielectric, leaving unmasked
the to-be-formed via holes and then exposing the
unmasked to-be-formed via holes to light. 1In such an
embodiment, the dielectric layer can be formed by any
method, such as screen printing, curtain coating,
roller coating, painting or spraying. 1In two alternate
embodiments, the MFV material is placed in the via
holes by stencil printing or by dispensing.

In another embodiment (called a '"double screen
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method"), the MFV material can be placed on a
conductive layer by stencil printing, or by dispensing,
and the dielectric layer can be screen printed either
before or after placing the MFV material, thus
eliminating the use of a photoimagable material (as
described above) and the associated cost.

Micro filled via material placement steps
described above can be combined with other conventional
steps of manufacturing a substrate, to provide micro
filled vias (also called "MFVs") in the same substrate
as other conventional elements, such as vias and
traces. Hence, in a substrate having MFVs,
conventional vias can be formed by mechanical drilling
through one or more dielectric layers. 1In
manufacturing such a substrate, the MFVs can be formed
before, after or during one or more steps in which
mechanically drilled vias are formed.

In one embodiment, a MFV material is screen
printed inside holes of two dielectric layers formed on
two sides of a core layer of a substrate. 1In this
embodiment, the dielectric layers have a number of vias
preformed by mechanical drilling and plating, and
optionally filled with a conductive or non-conductive
material to form a flat surface over the multi-layer
vias. A conductive layer is then formed over each
dielectric layer, and if necessary, additional multi-
layer vias are drilled and plated at this time. Then
traces are defined in the conductive layer and the
micro filled via material is programmed if necessary.

In one embodiment, the conductive layer is formed
by lamination of the copper foils to the dielectric
layers. The steps of placing a MFV material in a hole
and lamination result in traces having a substantially
flat and contiguous surface over the MFVs. Such a flat
contiguous surface is useful for formation of one or
more additional layers, and for supporting a

PCT/US96/15975
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component's lead over the MFV if necessary.

The MFV material can also be placed in a substrate
at a number of locations to form support members
(called "dams"), that provide structural support.
Specifically, such dams allow the structure being
formed to maintain its shape during lamination of the
conductive layers. Use of the MFV material to form
dams allows dams to be formed in the same step as MFVs,
thereby eliminating a separate dam formation step.
Alternatively, if a separate dam formation step is
used, dams can be formed of a material (such as a PCB
core material) different from the MFV material.

Forming MFVs as described above results in
electrical conductors of a small diameter (as compared
to vias formed by a mechanical drilling process or a
photoimaging process), thus allowing use of traces no
wider than the MFVs' diameter. The small diameter of
MFVs also allows reduced spacing between adjacent
parallel traces as compared to prior art printed
circuit boards.

Moreover such small MFVs also allow mounting pads
(for supporting a component's lead) to be formed on a
MFV and to be smaller than conventional mounting pads.
Specifically, a mounting pad formed on a MFV can have
approximately the same diameter as the MFV's diameter.
Forming MFVs also eliminates the plating of a
conductive layer around a via hole, thus eliminating
(1) the processing steps, (2) the cost and (3) the
waste treatment associated with plating.

Also, programming as described above results in
uniform and low resistive electrical conductors, as
compared to the use of unprogrammed MFV material.
Therefore the use of a MFV material as described herein
reduces the cost and size of PCBs, PWBs, MCMs and IC

packages, as compared to prior art methods.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates in perspective view a
multilayer printed circuit board having micro filled

vias of this invention as well as mechanically drilled
and plated vias.

FIGs. 2A-2H illustrate cross-sectional views of
various structures formed during fabrication of the
printed circuit board of FIG. 1, using a photoimaging
method of this invention.

FIGs. 3A and 3B illustrate cross-sectional views
of structures formed using another photoimaging method
of this invention.

FIGs. 4A-4N illustrate cross-sectional views of
structures formed in fabricating embedded mechanically
drilled and plated vias in addition to micro filled
vias in another method of this invention.

FIGs. 5A-5C and 5D illustrate respectively three
cross-sectional views and a plan view (along direction
5D=-5D in FIG. 5C) of structures formed using a screen
printing method of this invention.

FIG. 6A and 6B illustrate a cross-sectional view
and a perspective view of a structure including dams
formed in a screen printing method of this invention.

FIG. 7A illustrates a cross-sectional view of a
component's lead supported on a micro filled via having
a flat surface.

FIG. 7B illustrates a cross-sectional view of a
micro filled via formed of a number of irregular shaped
particles and spherical particles dispersed in a
binding material.

FIGs. 8A-8F illustrate formation of an electrical
conductor in a micro filled via material having three
different loadings of conductive particles in a
dielectric material.

FIGs. 9A-9D illustrate the resistances of micro
filled vias of a substrate before and after

PCT/US96/15975
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programming.

DETAILED DESCRIPTION

In one embodiment of this invention, a substrate
such as a printed circuit board (PCB), printed wiring
board (PWB), multi-chip module (MCM) or an integrated
circuit (IC) package has a number of locations at which
a corresponding number of electrical conductors are to
be formed. The locations are predetermined before
fabrication of the substrate, based on a predetermined
circuit to be implemented in the substrate.

The electrical conductors are formed by placing a
material, also called "micro filled via" material (MFV
material) at each of the predetermined locations and
optionally programming the MFV material after
placement, as described below. The electrical
conductors formed through the MFV material form
essential and normal parts of a predetermined circuit
implemented in a substrate of this invention.

FIG. 1 illustrates in a perspective view, a
multilayered printed circuit board (PCB) 100 that has a
number of mechanically drilled and plated vias 101-106
and a number of "micro filled" vias (MFVs) 111-118 in
one embodiment of this invention. Micro filled vias
111-118 are formed in very small holes (having a
diameter between 5 micron to 500 micron) of PCB 100
that are completely or substantially filled (more than
50% of the central region of a hole) with the MFV
material.

In the embodiment illustrated in FIG. 1, each of
MFVs 111-117 connect a surface trace formed on external
surface 151 of dielectric layer 141 to a trace formed
at one or more inner interfaces 153-156 between
dielectric layers 141-142 of PCB 100. For clarity, the
traces (also called "inner traces") located at each of

inner interfaces 153-156 are not shown in FIG. 1.

PCT/US96/15975
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Also, an inner trace (not shown) is connected by
MFV 118 through surface trace 135 formed on dielectric
layer 141 and MFV 115 to another inner trace (also not
shown) . Vias 101-106 are similarly connected to one or
more traces, such as trace 138 formed on dielectric
layer 141. Although a PCB 100 is illustrated in FIG.
1, other types of substrates (such as PWBs, MCMs and IC
packages) can also have MFVs in accordance with this
invention.

In the specific embodiment of FIG. 1, each of the
dielectric layers 143, 144 and 145 has a thickness T1
of 2.5 mils, while photoimagable dielectric layers 141
and 142 have a thickness T2 of 2 mils. Also in this
variant of the embodiment, MFVs 111-118 have a height
of 2 mils and diameter D1 of 4 mils (formed by a
stencil having holes of 2 mils diameter), vias 101-106
have a diameter D2 of 15 mils, and traces 131-138 have
a width W1 of 4 mils (with space of 4 mils between
parallel traces). 1Inner traces (e.g. at surfaces 153-
156) can have width and space each (e.g. 3 mils width
and 3 mils space) less than that of surface traces.

Hence, as compared to mechanically drilled vias
with a diameter of 15 mils, such smaller diameter MFVs
save space and reduce the number of layers that are
needed to implement a predetermined circuit. Although
MFVs 111-118 have a 4 mil diameter in this embodiment,
MFVs in other embodiments can have a 6 mil diameter
(formed by a stencil with holes of 4 mil diameter) or a
2 mil diameter (formed by a stencil with holes of 1 mil
diameter).

PCB 100 illustrated in FIG. 1 can be formed by
using one or more steps illustrated in FIGs. 2A-2H.
Specifically, an insulating core layer 144 (FIG. 22)
having embedded woven glass fibers (or chopped glass
fibers in an alternate embodiment) is laminated on two
sides with electrically conductive foils (e.g. copper

-lo_
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foils) not shown in FIG. 2A. The foils are printed and
etched appropriately (depending on the predetermined
circuit) to form traces 201A-201C and 202A-202C (FIG.
2A) for connections to, for example a voltage source or
ground.

Then two prepreg dielectric (e.g. polymer) layers
143 and 145 are used to laminate foils 203, 204 (e.q.
copper foils) and core layer 144 together to form
structure 205 (FIG. 2A). Foils 203 and 204 of
structure 205 are then printed and etched appropriately
to form traces 221A-221G and 222A-222G in structure 206
(FIG. 2B).

To provide enhanced adhesion between copper traces
201A-201C, 202A-202C and prepreg layers 143, 145
respectively, traces 201A-201C, 202A-202C can be
oxidized. Similarly traces 221A-221G, 222A-222G can be
oxidized after the print and etch steps, to improve
adhesion of these traces to the dielectric layers to be
formed. 1Instead of such oxidizing, adhesion promoters,
such as a layer of zinc (Zn), can be used as described
below.

In an alternative embodiment, structure 206 (FIG.
2B) 1is replaced by structure 350 (FIG. 3B) formed from
two cores 310 and 320 in parallel as follows. Traces
311A-311G, 312A-312C and 321A-321G, 322A-322C are
formed simultaneously by printing and etching the
copper layers on cores 310 and 320 (FIG. 3A)
respectively. The resulting structures 315 and 325 are
laminated together using a prepreg dielectric layer 330
(FIG. 3B). As compared to the steps illustrated in
FIGs. 2A-2B, the parallel formation steps illustrated
in FIGs. 3A-3B reduce the time needed to form structure
350. Then steps described below in reference to FIGs.
2C-2H can be performed on either structure 220 or
structure 350.

Layers 141 (FIG. 2C) and 142 are then formed of a

-11-
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photoimagable dielectric material on layers 143 and
145, over the traces 221A-221G, 222A-222G. Dielectric
layers 141, 142 are then imaged and developed to form
holes (also called "photovia holes") 231A-231D,
232A-232D (FIG. 2C) at appropriate locations. 1In one
embodiment, holes 231A-231D are formed at locations
that have been predetermined (e.g. identified ahead of
time as specific locations at which an electrical
conductor is to be formed) for coupling traces
221A-221G with to-be-formed traces (e.g. traces 131-134
and 271-274 described below) on dielectric layer 141,
to realize a predetermined circuit. ,

Then a micro filled via (MFV) material, such as a
conductive material, a nonconductive material, or some
combination of conductive material and nonconductive
material (as described below) is placed (for example by
dispensing or stencil printing) in holes 231A-231D and
232A-232D (FIG. 2C) to form micro filled vias (MFVs)
241A-241D and 242A-242D as shown in FIG. 2D. The
dimensions of MFVs 241A-241D, 242A-242D are determined
by the dimensions of the respective holes 231A-231D,
232A-232D described above. MFVs 241A-241D and
dielectric layer 141 are together sometimes referred to
herein as a compound layer 243 (FIG. 2D).

MFVs 241A-241D and 242A-242D are then partially
cured and conductive layers 251 and 252 (FIG. 2E) are
formed (in one embodiment by laminating copper foils on
respective dielectric layers 141 and 142). Dielectric
layers 141 and 142 can be left partially cured to a
non-tacky surface condition (i.e. not hard baked), to
improve adhesion during lamination.

A partially cured non-tacky surface can be formed
by curing dielectric layers 141 and 142 to, for
example, a B-stage condition that occurs prior to a
fully cured condition in which all of the polymer is

completely crosslinked. If the nontacky surface is not

-12-
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attained after partial cure, a nontacky layer of water
soluble material (not shown) such as polyvinyl alcohol,
can be applied on the dielectric layers 141 and 142 to
form the nontacky surfaces. The nontacky layer can be
made sufficiently thin and transparent, to avoid
interference with the imaging step (described above).
During the development step (described above) the
nontacky layer dissolves in an agqueous developing
solution.

"Full curing of dielectric layers 141 and 142
before lamination can eliminate adhesion between the
dielectric layer and the to-be-formed copper layers
251-252 (FIG. 2E), and is preferably avoided. Partial
curing directions are available from manufacturers of
dielectric materials. For example, Taiyo PSR-4000 can
be partially cured at 80°C for 15-20 minutes on a first
side, followed by 25-40 minutes for the second side.
Although in one embodiment, the dielectric layers are
cured by heat treatment, curing can be done by other
methods, such as ultraviolet (UV) treatment of a
dielectric material sensitive to UV 1light.

In one embodiment, dielectric layers 141 and 142
are each formed of a mixture of Taiyo PSR-4000 and an
adhesive (with the adhesive being 25% of total weight)
as two 1 mil thick layers. In one variation of this
embodiment, the adhesive is the polymer resin Epotek
B9101-2 available from Epoxy Technology (below). One
or more other polymers, such as epoxies, polyimide, or
polyamic acids can be used as an adhesive in a
dielectric layer. As dielectric layers 141 and 142
include an adhesive, these layers provide good adhesion
to conductive layers 251 and 252 after lamination.

First, a 1 mil thick portion of each of dielectric
layers 141 and 142 is formed and partially cured at
80°C for 20 minutes, followed by formation of a second
1 mil thick portion for each of layers 141 and 142 and

...13-
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partial curing at 80°C for 40 minutes. Although two
1-mil portions are used in this embodiment to form each
of layers 141, 142, a single 2 mil thick or 4 mil thick
layer can be formed for each of layers 141 and 142,
using a mesh of the appropriate size (e.g. 4 mil or 8
mil respectively).

Adhesion between conductive layers 251 and 252 and
the respective dielectric layers 141 and 142 can be
improved by use of a thin adhesive layer, such as a
polymer layer. A highly diluted polymer solution, for
example, 10% by weight polymer (e.g. epoxy) and 90% by
weight solvent (e.q. acetone) can be used to form an
adhesive layer. Such an adhesive layer can be applied
prior to lamination, either to foils 251 and 252
(FIG. 2D) or to the dielectric layers 141 and 142.

The adhesive layer can be applied (1) all over a
foil (or layer) or (2) with a mask covering areas in
which vias are formed. In one embodiment, the adhesive
layer is applied all over and made sufficiently thin
(e.g. less than 1 pm) to ensure that electrical
conductors can be formed through the adhesive layer
during programming (described below) .

In this embodiment, each of copper foils 251, 252
has a matte side (also called "tooth side" e.g. the
inner side of foil 252 adjacent layer 142) that is
rougher than a shiny side (also called "drum side"). A
zinc layer formed on the matte side helps to bond each
of copper foils 251, 252 to the respective dielectric
layers 141, 142. Copper foils with a zinc layer on the
matte side are available from Polyclad Laminates, Inc.,
Franklin, NH and from Oak-Mitsui, Hoosick Falls, NY.

Also in this embodiment, an adhesive layer (such
as an epoxy layer not shown in FIG. 2A) is formed on
the matte side of copper foils 251, 252 over the zinc
layer. During lamination, the zinc layer and the
optional adhesive layer together bond copper foils 251,

-14_
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252 to the respective dielectric layers 141, 142 and to
the micro filled via material of MFVs 241A-241D
(discussed below).

Next, holes 261-263 (FIG. 2F) are drilled through
layers 141-145, 251-252, for example by a mechanical
drilling process, and the inside surfaces of holes
261-263 are plated to form vias 101-103. Traces
131-134 and 271-274 (FIG. 2G) are then defined in
copper layers 251 and 252 (FIG. 2F) respectively.

An electrical conductor having a resistance below
a predetermined value may or may not be formed through
the MFV material on simply placing the MFV material in
a substrate. For example, an electrical conductor to
connect one of traces 131-134 and a corresponding one
of traces 221A, 221C, 221E and 221G respectively may
not yet be formed, or may be formed with a high
resistance. In such a case, an optional programming
step can be used to lower a MFV's resistance. For
example, passing a programming current between 1-10
amperes, at a programming voltage of 1-10 volts,
through for example, MFV 241A (FIG. 2G), located
between traces 131 and 221A, for a duration in the
range of 0.1-10 milliseconds forms an electrical
conductor (e.g. electrical conductor 111 in FIG. 2H)
having a resistance approximately equal to or lower
than the predetermined value (e.g. 0.1 Q). Other
electrical conductors 112-114 with a similar resistance
can also be formed after such a programming step.

As holes 231A-231D and 232A-232D are filled in,
and layers 251, 252 are laminated, outer surfaces 151
and 152 (FIG. 2H) are substantially flat (e.g. planar)
locally over MFVs 111-114 (as compared to the outer
surfaces overlying conventional vias). Moreover, the
traces 131 and 221A (FIG. 2G) in contact with MFV 241A
have a contiguous surface (described below in reference
to FIG. 5D) over MFV 241A. Therefore, either structure
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286 (FIG. 2H) obtained after programming or structure
285 (FIG. 2G) prior to programming can be used as a
starting structure for another cycle of the steps
illustrated in FIGs. 2C-2H.

In another method for forming a substrate of this
invention, one or more multi-layer holes 405-406 (FIG.
4B) are mechanically drilled in a structure 410 (FIG.
4A) that is similar to structure 205 described above.
Many reference numerals in FIGs. 4A-4I were obtained by
adding 200 to reference numerals in FIGS. 2A-2H which
represent similar features.

In an optional step (not shown) layers 403-404 can
be reduced in thickness or even removed to expose the
surface of dielectric layers 343-344 (for example by
chemical etching, sandblasting, polishing or abrasive
paste milling). Such reduction in thickness may be
desirable because thickness of layers 403-404 can
increase during the plating of via holes 405-406 (FIG.
4B) .

After via holes 405-406 are drilled and their
inside surfaces plated to form vias 407 and 408, such
drilled vias 407 and 408 can be filled with conductive
or non-conductive paste to form plugs 409 and 410 (FIG.
4C) and so create flat surfaces over via holes 405-406
for subsequent processing.

Copper layers 403-404 are then etched to define
traces 421A-4211 and 422A1-4221 (FIG. 40C),
photoimagable dielectric layers 341 and 342 (FIG. 4D)
are then formed (similar to layers 141 and 142 shown in
FIG. 2C), photovia holes 431A-431D and 432A-432D (FIG.
4D) are then formed (similar to holes 231A-231D and
232A-232D shown in FIG. 2C), and a MFV material is then
placed in each of holes 431A-431D and 432A-432D, to
form MFVs 441A-441D and 442A-442D (FIG. 4E) as
described above in reference to FIG. 2D.

Next, conductive layers 451 and 452 (FIG. 4F) are
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formed on dielectric layers 341-342 (similar to

FIG. 3E), and multi-layer holes 461-463 (FIG. 4G) are
optionally drilled (for example, by a laser or a
mechanical drill). Then, the inside surfaces of holes
461-463 are plated to form surface drilled vias 301-303
and conductive layers 451 and 452 are formed and etched
to define traces 331-334, 471-474 (FIG. 4H), and
electrical conductors 311-314 and 481-484 are formed,
if necessary by programming MFVs 441A-441D and
442A-442D respectively, in the same manner as described
above in reference to FIG. 2H.

Therefore, a number of multi-layer vias 407-408,
461-463 can be formed in the same structure 486 that
also includes MFVs 311-314 and 481-484. MFVs 311-314
and 481-484 can be designed to carry normal currents
(e.g. 100 mA-1A) in the predetermined circuit, while
embedded drilled vias 407-408 and surface drilled vias
461-463 can be designed to carry currents higher than
normal, for example for connection to a voltage source
or ground.

The process described above in reference to FIGs.
4A-41 permits a higher density of traces to be present
on outer surface layers 351 and 352 (FIG. 4I) than
possible by a prior art process, because drilled vias
407-408 are embedded in structure 486, i.e. vias 407
and 408 are not present on outer surfaces 351 and 352,
and therefore do not take up surface space which can be
used for additional traces on surfaces 351-352.

In one embodiment, conductors 311-314, 481-484 and
embedded drilled vias 407-408 (FIG. 4I) are adequately
thick to carry all currents in a circuit (including
currents to and from a power source or ground), soO
surface drilled vias 301-303 are not formed at all,
thereby allowing the substrate to be made smaller than
structure 485 (FIG. 4H). 1In another embodiment, traces

and MFVs are sufficient to form the predetermined
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circuit, and both types of drilled vias 301-303 and
407-408 are not formed, thereby allowing such a
substrate to be made even smaller.

The MFVs described herein can be formed at any
predetermined location, in any combination with the
drilled vias. For example, two or more MFVs can be
stacked over each other, to pass through a number of
dielectric layers and connect, for example, an inner
layer trace to a mounting pad for supporting a lead of
an electronic component. Specifically, FIGs. 4J-4N
illustrate another cycle of steps similar to those
described above in reference to FIGs. 4A-4H, but
repeated on surfaces 351-352 of structure 485 (FIG. 4H)
to form stacked MFVs and mounting pads.

Photoimagable dielectric layers 491A-491B (FIG.
4J) are formed on structure 485 and imaged to form
holes 492A-492E. 1In this embodiment holes 492A~492E
are formed at approximately the same locations as holes
431A, 431D, 432A and 432D respectively, while hole 492E
is formed at a different location. MFVs 493A-493E
(FIG. 4K) are then formed by placing a MFV material
into holes 492A-492E, and conductive layers 494A, 494B
(FIG. 4N) are formed over dielectric layers 491A, 491B.

Then traces 495A-495F (FIG. 4M) are defined and
some or all of MFVs 441A-441D, 442A-442D, 493A-493D are
programmed. MFVs 493A and 441A together form a single
electrical conductor 496A (FIG. 4N) that connects trace
495A to trace 421B. Therefore, electrical conductor
496A is a multilayer electrical conductor that connects
two traces 495A, 421B separated by dielectric layers
491A and 341. Similarly, electrical conductors 496B-
496D are multilayer electrical conductors formed by
stacking MFVs on each other in adjacent layers.

Although holes 492A-492D have been described as
being formed over MFVs 441A, 441D, 442A and 442D for
stacking the MFVs, such holes can be formed at any
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other predetermined locations in dielectric layers 491A
and 491B where electrical conductors need to be formed
to implement a predetermined circuit. For example,
hole 492E is formed in layer 491A (FIG. 4J) to form a
MFV 493E (FIG. 4K) over embedded via 407.

In this particular embodiment, a pad 495E
(FIG. 4M) is formed in contact with MFV 493E, and MFV
493E can be programmed to form electrical conductor
496E. For example, a programming voltage can be
applied between pad 495E and trace 431B to form
electrical conductors 312 and 496E at two different
locations simultaneously, because MFVs 493E and 441B
are coupled to each other by trace 332. Pad 495E can
be used to support the lead of an electronic component
as described below in reference to FIG. 7.

Use of MFVs and embedded vias (e.g. vias 407 and
408 in FIG. 41) as described herein makes routing of
traces in a substrate easier, and if necessary denser,
than in prior art substrates. Therefore, as compared
to using prior art vias, use of MFVs results either a
reduction in the number of layers (and hence a lower
cost), or in a smaller substrate with shorter trace
lengths from component pads to a given layer (again a
lower cost).

In another embodiment, instead of using a
photoimagable dielectric material and the steps
described above in reference to FIGs. 2C and 2D, other
dielectric materials which are not photoimagable (such
as Epotek's material HG5-175MP) are used in a double
screen method described below in reference to FIGs.
SA-5D. Many reference numerals in FIGs. S5A-5D are
obtained by adding 300 to reference numerals in FIGs.
2A-2B which represent similar features.

In one embodiment, a structure similar to
structure 220 (FIG. 2B) is formed and MFV material is

printed in a first screen step through a stencil screen
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(not shown) to form MFVs 541A, 541B and 542A, 542B.
Then, dielectric material is printed in a second screen
step through another stencil screen (not shown) to form
dielectric layers 441 and 442 (FIG. 5B) that surround
MFVs 541A, 541B and 542A, 542B respectively.

In one embodiment, an annular space S (FIG. 5C and
5D) is left in the hole 551B in dielectric layer 441
surrounding MFV 541B. Annular space S allows room for
misalignment in the two screen steps described above.
Annular space S is partially or completely eliminated
during lamination of copper foils to outer surfaces of
layers 441 and 442 (described above in reference to
FIG. 2E), depending on the difference AT in thickness
between MFV 541B and the surrounding dielectric layer
531. Specifically, annular space S is completely
filled on lamination of copper foils (illustrated by
FIG. 2E) if its volume T(T3-AT) [ (W3/2)%-(D1/2)?] is
equal to or less than mAT(D1/2)2.

In one specific embodiment, annular space S is 1-2
mils wide, MFV 541B has a thickness T3 of 3-4 mils and
a diameter D1 (above), dielectric layer 531's thickness
T4 is 2 mil, thickness difference AT is about 1-2 mils,
trace 521C has a thickness T5 of 0.7 mil and a width W3
of 8 mils. Although trace 521C has the same width w3
as the diameter of hole 551B (FIG. 5D), other traces
and holes can have different dimensions. For example,
in FIG. 5B, trace 521A is wider than hole 551A and
trace 552A is narrower than hole 552A. Depending on
the specific predetermined circuit to be implemented, a
wide trace can be used if for example the trace's
resistance is a constraint, while a narrow trace can be
used if for example capacitance or hole diameter is a
constraint.

In this embodiment, trace 521C's surface 521S in
contact with MFV 541B is contiguous (i.e. continuous,
unbroken and devoid of any holes) and substantially
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flat. Moreover, surface 521S remains substantially
flat after lamination, thereby facilitating further
processing (as described above for forming stacked
MFVs, or as described below for mounting a component
lead).

The two screen steps described above in the double
screen method can be performed in reverse order, i.e.
dielectric layers 441 and 442 can be screen printed
first with holes for vias 541A, 541B, 542A and 542B,
and then the MFV material is screen printed into these
holes through a stencil screen. Moreover, in either of
these two methods, the MFV material can be dispensed
instead of being stencil printed.

In the double screen methods described above, the
dielectric layers 441, 442 are not fully cured prior to
lamination of copper foils (illustrated by FIG. 2E) and
the thickness of these dielectric layers can change
during the lamination step.

Substantial uniformity in the thickness of a
dielectric layer after lamination can be ensured by
using one or more structural support members called
"dams", such as dams 601B, 611 and 612 in FIGs. 6A-6B.
For clarity, all dams are not labeled in FIGs. 6A-6B.
Dams can be formed (for example by dispensing or
stencil printing) on panel 600 in any areas not used to
form printed circuit boards. For example, dam 601B is
one of many dams 601A-601N (where N is the number of
dams) located in an edge area 601 around panel 600. In
another embodiment, instead of dams 601A-601N, a single
"window frame" shaped dam (not shown) is formed to
cover the entire edge area 601.

If there is little adhesion between a window frame
shaped dam (e.g. formed of core material) and a
laminated copper foil (not shown in FIGs. 6A and 6B),
any clearance between the dam and a copper foil traps

solution from a bath (not shown) in which such a
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structure is dipped (e.gq. during the next step), and
the trapped solution can pose problems in subsequent
pProcessing steps. Such trapped solution problems are
minimized if dams are formed in a cylindrical shape,
for example, as a number of cylinders in edge area 601.
When cylindrical dams are used, the dielectric material
surrounding a cylindrical dam forms a seal with the
laminated foil to enclose the dam.

Use of a MFV material to form dams eliminates a
separate step for forming dams because dams can be
placed in the same step as the MFVs. 1In one
embodiment, the MFV material of the MFVs and the dams
is dried (i.e. cured) before the surrounding dielectric
layer is formed.

Another example is dam 611 formed in printed
circuit board (PCB) 610 in an area devoid of a via and
a trace. Yet another example is dam 612 formed on a
trace 664. If dam 612 is formed of a conductive
material, trace 664 is not used in forming the circuit
being implemented in PCB 610. Similarly, a dam of a
conductive material is not formed over traces 661-663
used to implement the circuit.

Still other examples are dams 602A-602M (where M
is the number of dams) formed within a board routing
area 602 to be discarded when panel 600 is routed (i.e.
divided) into several PCBs 610-640.

Dams can be formed in any size and any shape
necessary to allow the surrounding dielectric material
to withstand compressive forces during lamination. For
example, dam 601B is cylindrical in shape, with a
diameter of 25 mils. and a height same as the height
(e.g. 2 mil) of MFVs 651-654. To maximize the
uniformity in thickness of the dielectric layer, dams
of a larger diameter are preferable (as compared to
smaller diameter dams).

Dams 601A-601N, 611, 612 and 602A-602M can be
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formed of prepreg material or of a MFV material. Glass
fibers inside a prepreg material or particles inside a
MFV material provide compressive strength to a dam and
so allow the thickness of the surrounding dielectric
layer to be substantially uniformly planar over panel
600. Fully cured core material can also be used as dam
material. Such core material can be placed as a window
frame after the dielectric material is screened (or
developed if the dielectric material is photoimagable)
around the dielectric layer.

As a MFV's top surface is flat, a component pad
(sometimes called a "mounting pad") can be formed over
a MFV to support a component. For example, in PCB 700
(FIG. 7A), MFV 714 is located on a trace 715 and has a
flat surface 718 on which is formed a pad 713.
Moreover, Pad 713 has a flat contiguous surface, the
same center and diameter D (e.g. 2 mil) as that of MFV
714, and a thickness T (e.g. 0.7 mil), the same as that
of layer 715.

Pad 713 is formed by lamination of a copper foil
followed by print and etch steps. Then solder mask 711
is formed by screen printing, imaging, developing and
fully curing a photoimagable solder mask material (such
as PSR 4000). Solder 712 is then formed over pad 713
by hot air solder leveling. Next PCB 700 is heated to
melt solder 712, so that solder 712 bonds lead 721 of a
component 720 to pad 713 that in turn is connected by
MFV 714 to inner trace 715.

The MFV material of this invention includes a
binding material and optionally includes a number of
particles in any percentage loading (for example,
between 0% to 60% by volume). In one embodiment, the
MFV material is a conductive paste formed of a binding
material densely populated with conductive particles
(forming more than 30% of the total volume so that a

majority of the particles touch each other). 1In
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another embodiment, the MFV material is a dielectric
composite wherein the binding material is nonconductive
and is sparsely populated with conductive particles
(forming less than 30% of the total volume so that a
majority of the particles are isolated and insulated
from each other). The initial resistivity of a
sparsely populated MFV material prior to programming is
typically close to that of the binding material (for
example, 10" ohm.cm. if a polymer is used as the
binding material).

When the volume percentage of the conductive
particles approaches a critical volume Vc, the
resistivity of the MFV material can change by up to ten
orders of magnitude for a small increase in the
fraction of the conductive particles, as described in,
for example, "Critical Volume Fractions In Conductive
Composites" by G.R. Ruschan and R.G. Newnham, Journal
of Composite Materials, Vol. 26, No. 18, 1992.

In two embodiments, the MFV material is an
isotropic conductive paste, such as (1) paste PC5905 or
PC5328 available from Heraeus Corporation, West
Conshohocken, Pennsylvania and (2) paste number 101G
available from Alpha Metals Corporation, Jersey City,
New Jersey. The MFV material can also be an isotropic
conductive paste made of 0%-60% by volume silver
particles (available from DeGussa Corporation, South
Plainfield, New Jersey) with an average size of Sum-
10pum dispersed in 40%-100% by volume epoxy polymer
(called "PL2") formed by mixing the following materials
available from Applied Polermaric, Inc. (API), Benicia,
California: 750 g of DEN 438 (manufactured by Dow
Chemical Company), 100g-2000g of DER 332 (also
manufactured by Dow), 250 g of ERL 0505 (manufactured
by Ciba-Geigy) 120 g of Dicy (manufactured by Air
Product), 20 g of AMI cure (manufactured by Air
Product).
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In another embodiment, the MFV material is made of
0%-60% by volume silver particles of average size (e.g.
diameter) Sum-10um size dispersed in 40%-100% polymer
and 1%-5% solvent diethyleneglycolbutylether (from
Aldrich Chemical Company, Milwaukee, Wisconsin). 1In
still another embodiment, the MFV material is made of
0%-60% by volume copper particles with average sizes of
10um-20um (from Aldrich Chemical Company, Degussa
Corporation, or U.S. Bronze Powders, Inc., P.O. Box 31,
Route 202, Flemington, NJ 08822) dispersed in 40%-100%
by volume epoxy polymer formed by mixing the following
materials available from API: 400g of DER 332
(manufactured by Dow), 100g of DEN 438 (manufactured by
Dow), 35g of DY 9577 (manufactured by Ciba-Geigy), 2g
of IRGACURE 1171 (manufactured by Ciba-Geigy), 100g of
SR 350 (manufactured by Sartomer) and 50g of CYRACURE
(manufactured by Union Carbide).

In another embodiment, the MFV material is an
anisotropic conductive paste available from Sheldahl
Corp., Northfield, Minnesota under the tradename
Z-Link®. Commercially available conductive pastes from
Epoxy Technology Corporation, Grace Co., Alpha Metals,
Inc. or Ablestik can also be used as MFV materials.

In still another embodiment, the MFV material is a
single phase nonconductive material devoid of any
conductive particles but otherwise the same as one or
more of the isotropic conductive pastes discussed
above.

In two alternate embodiments, the MFV material is
a single phase dielectric material, such as (1) Epotek
H65-175MP, available from Epoxy Technology Corporation,
Billerica, Massachusetts, (2) a mixture of 8% PL2
(above) and 5-15% CAB-O-SIL™ (from Applied Polermaric
Inc.).

In a number of embodiments, the binding material

included in a MFV material has a lower breakdown
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voltage than the surrounding dielectric layer. 1In one
specific embodiment, the MFV material has a breakdown
voltage less than 1 volt while the surrounding
dielectric layer has a breakdown voltage in excess of
100 volts. Such a MFV material can include a fluoro
polymer such as TEFLON™ as the binding material.

A MFV material can include a nonconductive
polymer, such as polyimide, epoxy or cynate ester as
the binding material. In other embodiments, the
binding material is a conductive material, such as a
conductive epoxy resin of the type described in U.S.
Patent 5,300,208. A MFV material including conductive
particies dispersed in such a conductive epoxy resin
has a lower resistance than a conductive epoxy resin
devoid of conductive particles.

In various embodiments, the MFV material can
include a thermosetting one stage or two stage polymer
as the binding material. Thermal fillers (such as
silica, alumina, aluminum nitride), antioxidant (such
as silica) or thermoplastic materials can also be used
with thermosetting materials to form the binding
material included in a MFV material.

Use of one or more solvents (e.g. 1-5% by volume
in a MFV material (as described above) ensures uniform
mixing and a low rate of evaporation needed for stencil
printing. Solvents also allow a large loading (beyond
50% by weight) of the particles. Solvents in a MFv
material can be, for example, diethylene glycol,
diethylene glycol mono hexaether, 2-Butoxy ethanol,
acetone, chlorofoam, tetrahydrofuran, vinyl acetate,
acrylonitrile, ethyl acetate, methyl ethyl ketone,
ethyl alcohol, acetonitrile, ethylene glycol dimethyl
ether, dioxane, toluene, methylisobuthyl ketone, methyl
cellosolve (2-mehoxyethanol), xylene, stylene,
dimethylformanide, cyclohexane, diethylene glycol
dimethyl ether, dimethyl sulfoxide, N-methyl-2-
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pyrrolidone, butyl cellosolve acetate (ethylene glycol
monobutyl ether acetate), butyl carbitol acetate
(diethylene glycol monobutyl ether acetate) and
dimethyl phthalate.

A MFV material can also include a coupling agent
to improve the metal-to-polymer adhesion of the MFV to
be formed. 1In one embodiment, the MFV material
includes, as a surface active coupling agent, a
quantity of titanate equal to about 0.5% by weight of
the conductive particles in the MFV material. In other
embodiments, titanate can be added in smaller amounts,
such as 0.1% by weight of the conductive particles and
still be effective as a coupling agent. Use of a
coupling agent is preferred for a MFV material having a
low concentration of conductive particles to ensure
uniformity in distribution of these particles in the
MFV material. In one specific embodiment, the coupling
agent is LICA38, available from Kenrich Petrochemicals,
Inc., 140 East 22 St., Bayonne, NJ 07002.

A MFV material can also include a degassing agent
to reduce or eliminate the release of bubbles during
curing of the MFV material. 1In one specific
embodiment, the degassing agent is BYK-A 530, available
from BYK Chemie USA, Wallingford, Connecticut.

In various embodiments, the conductive particles
included in a MFV material are made of copper or
silver, shaped as spheres or flakes, with sizes in the
range of 1-20 um. As compared to particles of a
smaller size and higher resistivity, particles of a
larger size and lower resistivity are preferred for
inclusion in a MFV material. Therefore, to form MFVs
predetermined to carry larger currents than normal
currents in the predetermined circuit, conductive
particles formed of low resistivity metals, for
example, silver, gold, copper, nickel, palladium and

platinum can be used in the MFV material.
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The conductive particles are also preferably made
of low melting temperature materials to promote a
better connection between two adjacent particles.
Therefore the conductive particles can be formed of,
for example, lead/tin compound, silver/tin compound,
tin and nickel/tin.

A material of a low melting temperature can have
high resistivity and a material of a low resistivity
can have a high melting temperature. Hence, each
particle of a MFV material can include an inner core of
low resistivity, high melting temperature material
enclosed by an outer layer of a high resistivity, low
melting temperature material. During programming of a
MFV material having such particles, the outer layer of
each particle in a conductive path melts and promotes
contact between adjacent particles, or between a
particle and a conductive layer. After programming,
the electrical conductor is formed primarily of the
inner core material which has a low resistance. 1In
such a particle, the inner core material can be, for
example, copper, silver, silver/tin, and palladium
while the outer layer material can be, for example,
lead/tin alloy, silver/tin alloy and tin metal.

If the current carrying capacity of an electrical
conductor to be formed is not critical, the MFV
material's particles can be formed of low melting
temperature materials, such as silver/tin, lead/tin and
tin. 1In two alternate embodiments the conductive
particles are formed with an inner copper core, and an
outer layer of silver or gold.

Particles formed with an inner core of polymer and
an outer layer of silver can also be used in a MFV
material. Alternatively, the particles can be formed
with an inner core of any conductive material (e.g. a
metal such as nickel, copper or silver) and an outer

layer of any non-conductive material (e.g. a polymer),
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if the MFV material is programmed to breakdown the
outer layer.

The particle size and shape can also be selected
depending on predetermined characteristics of the
to-be-formed electrical conductor. A particle in a MFV
can be shaped as a sphere, a rod, a spike or a flake.
In one embodiment, spherical particles are mixed
uniformly in the MFV material. For a given percentage
loading, high surface area particles such as irregqular
shaped particles (e.g. flakes), provide a higher
probability of contact and a larger area of contact
than possible by using uniform sized spherical
particles.

The particles' size can be chosen so that the
particles remain unagglomerated and yet are smaller
than the diameter of the hole in which the MFV material
is to be placed. As compared to smaller particles,
larger particles provide a higher current carrying
capability to the to-be-formed electrical conductor.
Therefore, for a via hole with a 1-2 mil diameter and a
1-2 mil height, the preferred particle size (e.g.
diameter of a spherical particle) is between 1 um to 20
um.

To ensure that the MFV material's initial
resistance is low and the loading is high, nonuniform-
sized particles, such as a combination of large sized
particles (e.g. 20 um) and small sized particles (e.g.
1 um) can be used. As illustrated in FIG. 7B, use of
large sized irregular particles 731-739 and small sized
spherical particles 741-747 allows small sized
particles 741-747 to occupy the interstitial space
between large sized particles 731-739 thereby resulting
in higher loading and lower initial resistance than
possible by using uniform sized particles. For
clarity, not all of the particles in MFV 730 are
labelled.
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Photoimagable dielectric layers 141, 142 (FIG. 1)
can be formed of an adhesive and either PSR 4000
available from Taiyo America, Inc., Carson City,
Nevada, or Shipley XP-9500 available from Shipley Inc.,
Mariboro, Massachusetts. For example, a photoimagable
dielectric material can be formed by mixing 25% by
volume of the EPOTEK material B9101-Z and 75% by volume
TAIYO material PSR 4000. Material B9101-2 provides
adhesion between dielectric layers 141, 142 and the
copper layers (e.g. layers 251-252 in FIG. 2E).

Although a photoimagable dielectric material is
used in one embodiment, other types of dielectric
materials such as solder mask, epoxy, or polyimide can
also be used to form the dielectric layer surrounding a
MFV. Also, in one embodiment, the dielectric layer
surrounding a number of MFVs is devoid of woven glass
fibers and optionally includes a number of nonwoven
glass pieces such as chopped dlass fibers, with the
fibers largest dimension being less than the smallest
diameter of the holes containing the MFVs. During
development of the dielectric layer, the nonwoven glass
Pieces (if any) are removed to form the holes.

In one embodiment, to ensure electrical contact
between MFV particles and conductive layers, oxidation
on the traces and on the particles is reduced or
eliminated by the choice of particle materials or
environment. Depending on the substrate to be formed,
MFV particles can be made of materials that are less
likely to be oxidized, such as (1) the noble metals
including, for example, gold, silver, or palladium, or
(2) alloys including, for example, Pb/Sn eutectic or
(3) noble metal coated particles, including, for
example, silver coated copper particles.

For MFV particles formed of materials that can be
oxidized, such as copper, the oxidation rate can be

reduced by providing an appropriate environment. For
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example, a nitrogen atmosphere can be used, especially
in a high temperature process such as lamination.
Oxidation can also be reduced or eliminated by vacuum
lamination. Vacuum lamination reduces pressure,
removes air bubbles during lamination, reduces
oxidation rate and improves adhesion between particles.

In one embodiment, the MFV material is chosen to
have a coefficient of thermal expansion (CTE)
approximately the same as that of the surrounding
dielectric layer. For example, a MFV material having a
low loading (such as 15%) of conductive particles
dispersed in a polymer binding material (such as PSR
4000) can be used to form a MFV (such as MFV 714)
having approximately the same CTE as the surrounding
dielectric layer (such as layer 717 also formed of PSR
4000). Such a MFV has lower thermal stress and better
reliability than a MFV formed of materials having a
different CTE than the surrounding dielectric layer.

Differences in the CTE between (1) conductive
particles and the binding material of a MFV material or
(2) conductive layer and the binding material can also
result in thermal stress build up that eventually
breaks (i.e. opens) an electrical conductor.

Such a problem can be avoided by choosing a
binding material (such as polyimide, multifunctional
epoxy and bismolyimide traizine) having (1) a CTE
approximately equal to the CTE of the conductive
particles and the conductive layers; and (2) a glass
transition temperature higher than the subsequent
processing temperatures and the temperatures of the
environment in which the substrate is operated.

FIG. 8A illustrates a micro filled via (MFV) 800
formed of a MFV material 801. MFV material 801
includes a binding material 802 and a number of
conductive particles 803A-803M (where M is the total
number of particles within micro filled via 800).
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Although particles 803A-803M are illustrated in FIG. 8A
as being spherical in shape and of uniform size, these
particles preferably have irreqgular shapes and non-
uniform sizes to permit the highest possible loading.

Micro filled via 800 is placed between the two
conductive traces 810 and 820 that are separated by a
dielectric layer 825. Conductive trace 810 is formed
of a copper foil 811 having a thickness of 0.7 mil. in
this embodiment, and an optional interfacial layer 812
that reduces the contact resistance between copper foil
811 and micro filled via 800.

Interfacial layer 812 is a non-oxidizing layer
that can be formed of first noble metal layer 812A
(e.g. formed of nickel) having a thickness between 20
to 200 micro inches and a second noble metal layer 812B
(e.g. formed of gold) having a thickness between 5 to
50 micro inches. Instead of gold and nickel, other
noble metals such as silver and palladium can also be
used in an interfacial layer in other embodiments. 1In
another embodiment, a nonnoble metal, such as zinc, is
used to form the interfacial layer 812.

In this embodiment, trace 820 is similarly formed
of a copper layer 821 and an interfacial layer 822
including a nickel layer 822A and a gold layer 822B of
the same thicknesses as those of layers 812A and 812B.
Noble metal layers 812 and 822 can be formed
selectively, i.e. only over area 815 in which a micro
filled via 800 is located. For example, if micro
filled via 800 has a 5 mil. diameter, noble metal
layers 812 and 822, can be between 5 to 10 mil. in
diameter, and concentric with micro filled via 800.
Such selective coating of noble metals reduces the
cost, as compared to blanket coating the entire copper
foil used to form trace 820.

In this embodiment, micro filled via material 801
has a loading greater than 30% by volume. 1In such a
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MFV 800, typically there exists at least one electrical
conductor 804 originally formed as a chain of a number
of conductive particles 804A-804N, without any
programming.

For clarity in FIGs. 8A and 8B, particles 804A-
804N that form the electrical conductor 804 are shown
hatched. Conductive particle 804A is in contact (1)
with layer 812B and (2) with particle 804B. Similarly,
particle 804B is in contact with particle 804C and so
on, with particle 804N being in contact with layer
822B. Micro filled via material 801 is considered to
be densely populated if at least one electrical
conductor 804 connecting conductive layers 810 and 820
is formed simply by contact of the conductive particles
in MFV material 801.

Even if a pair of adjacent particles among the
chain of particles 804A-804N do not contact each other
on placement of MFV material 801 on layer 820, such a
pair of particles contact each other during lamination.
Specifically, as the conductive particles 804A and 804B
have a greater density and rigidity, as compared to the
surrounding binding material 802, during the lamination
step, particles 804A and 804B located adjacent to each
other in the direction of lamination are forced into
contact with each other, while binding material 802
between these adjacent particles 804A and 804B is
squeezed out.

After an electrical conductor 804 is formed by
contact of particles 804A-804N and traces 810 and 820,
passage of a programming current through MFV 800 can
lower the resistance of electrical conductor 804 as
follows. In one embodiment, on passage of the
programming current, particle 804A heats up and the
binding material 802 surrounding particle 804A receives
the heat, softens and moves out from between particle

804A and layer 812B, and also from between particle
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804A and particle 804B, so that the area of contact
between the respective particles increases up to the
maximum possible in the absence of the binding material
802. A similar process occurs for the other particles
804B-804N.

In another embodiment, on passage of a large
programming current (e.g. 4A-10A) through the particles
of a densely populated MFV material, an electrical
conductor is formed by physical breakdown of the
binding material into one or more carbonized filaments
of the type described below in reference to
FIGs. 8C-8D.

An MFV's resistance after programming can remain
unchanged (at the initial resistance) for example,

(a) if the contact area between particles is already
the maximum possible area prior to programming,

(b) if the programming current does not cause local
heating sufficient to soften and move the binding
material or (c) if the programming voltage does not
breakdown the binding material.

When programming of the MFV material is driven by
a current requirement (of 1A-10A in one embodiment),
the necessary programming voltage depends on the
initial resistance of the MFV material. The initial
resistance of the MFV material can be low (e.g. 1mnN-
100ml, for example, if the MFV material is a conductive
paste (described above) or can be quite high (e.g. 1Ga-
100Gf1) if the MFV material is a non-conductive material
(without conductive particles or with a low loading of
conductive particles).

If the initial resistance is low (e.g. 0.0010-100)
then the programming voltage is small, e.g. 0.5V to
10V, with a programming current of e.g. 1-10 amp. If
the initial resistance is high (e.g. 1 MQ-10 GN) then a
programming voltage is large, e.g. 50V to 200V, with a
programming current of e.g. 0.01 amp.-0.5 amp.
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Applying a programming voltage and current to an
originally conductive MFV (such as a MFV formed of
conductive paste) as described below in reference to
FIGs. 9A-9B ensures a uniform low resistance
distribution of the MFVs (FIGs. 9C-9D). Specifically,
MFVs with initial resistances higher than a
predetermined value have resistances closer to the
predetermined value after programming. For example, to
ensure a resistance of less than 0.1 Q, currents of 1-8
amperes can be applied to MFVs 111-114 and 281-284
during programming. Programming as described above
could eliminate the need for noble metals, such as
gold, for example to promote contact between traces
131, 221A (FIG. 2G) and MFV 241A located between these
traces. Programming can also improve the contact
reliability.

Programming a large number of MFVs can take a long
time as compared to the time needed to program a single
MFV. Lowering the programming voltage reduces the time
need to charge/discharge a programming circuit and so
makes programming faster, allowing a larger number of
MFVs to be programmed together.

When compared to using a pure dielectric material
as the MFV material, a high locading of conductive
particles e.g. 60% by volume lowers the programming
voltage required to produce a higher programming
current, for a smaller programming time.

In one embodiment, a MFV with a low initial
resistance has a relatively small voltage drop,
allowing a larger number of MFVs to be programmed in a
single path. With appropriate loading (e.g. 40%-50% by
volume) and particle shape (e.g. flake or irregular
shape), a MFV having an initial resistance of about 10
ohms (or less) can be formed and up to 10 MFVs can be
programmed in a single path. When all the MFVs to be

programmed are in series, the same programming current
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passes through each MFV.

In one embodiment, a MFV having an initial
resistance less than 1 ohm can be formed by using a
conductive paste with a wide distribution in particle
size, from less than 1 micron to 20 microns, so that
the resistance of the programmed MFV is less than
0.1 ohm. In another embodiment, the MFV's initial
resistance is designed to be approximately 0.1 1 by
using a MFV material formed of irregular shaped silver
particles with sizes uniformly distributed between 1 to
15 micron at a 45% loading by volume in a binder (e.qg.
EPOTEK B9101-2), so that after programming the MFV's
resistance falls to approximately 0.01 Q.

In a densely populated MFV material 801 (FIG. 8A),
if a layer of oxide separates two adjacent particles
(e.g. particles 804A-804B), or a conductive layer (e.g.
layer 811) and a particle (e.g. particle 804A) adjacent
to the conductive layer, passage of a programming
current heats up and melts the oxide layer locally. As
an oxide's melting temperature (e.g. > 1000°C) is
typically higher than that of a material used to form
the conductive particle (e.g. silver) and a conductive
layer (e.g. copper), these materials melt and fuse with
each other to form links between the particles, and
between the particles and the conductive layer.
Therefore, an electric current path in a densely
populated MFV material is formed only of the materials
of one or more particles and materials of the
conductive layers.

FIGs. 8C and 8D illustrate another micro filled
via 830 located between traces 840 and 850. The
reference numerals in FIG. 8C and 8D are derived by
adding 30 to reference numerals in FIGs. 8A and 8B that
illustrate similar features. Micro filled via material
831 is sparsely populated with conductive particles
833A-833M (where M is the total number of conductive
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particles) that occupy only 10% of the volume of micro
filled via 830 in this embodiment. Dielectric material
832 insulates each of the conductive particles 833A-
833M from another of the conductive particles 833A-
833M. Therefore conductive particles 833A-833M do not
initially form a conductive path between traces 840 and
850.

On application of a programming voltage between
traces 840 and 850, an electric current path 834 is
formed as a chain of conductive particles 834A-834N
(where N is the total number of conductive particles
within electrical conductor 834), and a number of
conductive links 835A-835N-1 formed by the breakdown of
dielectric material 832 between particles 834A-834N
into carbonized filaments. The breakdown of a
dielectric material into carbonized filaments is
described in, for example, "Electrical Properties of
Polymers" edited by Donald A. Seanor, Academic Press,
1982.

As the size of conductive particles 834A-834M
becomes larger, links 835A - 835N-1 become shorter and
so electric current path 834 becomes more substantial,
thereby providing a more reliable electrical connection
between traces 840 and 850.

FIGs. 8E and 8F illustrate the formation of an
electric current path in micro filled via 860 formed
between traces 870 and 880. The reference numerals in
FIGs. 8E and 8F are derived by adding 30 to the
reference numerals that illustrate similar features in
FIGS. 8C and 8D. Micro filled via material 861 in one
embodiment is formed of a single dielectric material
862. On application of a programming voltage between
traces 870 and 880, an electric current path 864 is
formed as a carbonized filament connecting the two
traces 870 and 880. Electric current path 864 includes

a single central filament surrounded by a number of
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branch filaments in a tree-shaped structure. The
branch filaments generally do not connect the traces
870, 880.

Programming as described above in reference to
FIGs. 8A-8F, can be performed, after a substrate's
manufacturing is completed, immediately after a
substrate's final testing to check whether a MFV is
open or short, thereby eliminating a separate step of
programming. Alternatively, MFV testing can be
performed immediately after the traces are formed over
the MFV material. Having early MFV test results
eliminates further processing (and costs) of substrates
having defective electrical conductors.

FIGs. 9A and 9B illustrate the variation of
current and voltage during programming of a micro
filled via. In FIGs. 9A and 9B, the illustrated MFV
has a diameter of 6 mils, height of 2 mils, and
contains an electrical conductor with initial
resistance of 220 mQ formed of a conductive paste of
silver particles in a hole of a dielectric layer in a
printed circuit board substrate.

During programming the MFV by applying a
programming current pulse of 4 A for 5 millisecond, the
drop in the MFV's resistance occurs very quickly: the
voltage drop across the MFV changes at the rate of
220 mV/us in the first 2 microseconds (FIG. 9B). Also,
the current rises from 0 A to 4 A (at the fast rate of
1 A/us) up to 4 microseconds, and saturates at 10
microseconds (FIG. 9A). By 28 microseconds, the
voltage stabilizes at about 320 mV and the current at 4
A, so that the resistance after programming is about
80 mQ.

In another embodiment, programming a MFV having an
electrical conductor with initial resistance of 336 mQ
with a current pulse of 4 A for 5 milliseconds lowers

the MFV's resistance to 114 mQ in 10 microseconds.
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FIG. 9C illustrates a distribution of the initial
resistances (i.e. before programming) of a number of
micro filled vias formed of a densely populated MFV
material. The resistances illustrated in FIG. 9C
include the resistances of traces directly connected to
the MFVs. Also, in the embodiment illustrated in FIG.
9C, the MFVs have a thickness of 2 mils, a diameter of
10 mils, are formed of paste PC 5328 (referenced
above), and the conductive layers are formed of 1/2
ounce copper foil (0.7 mil. thickness) available from
Mitsui (referenced above). In this embodiment, the
MFVs were designed to have a resistance less than the
predetermined value of 0.200, although as shown in FIG.
9C, some of the MFVs have a resistance higher than this
predetermined value of 0.20Q. -

FIG. 9D illustrates the resistance of the MFVs of
FIG. 9C after programming each MFV, by passage of a
programming current of four amps, at 1 to 10 volts for
5 milliseconds. As seen from FIG. 9D, none of the MFVs
has a resistance higher than the predetermined value.

Therefore, programming of MFVs as described herein
improves the conductivity of the MFVs. Programming of
all MFVs could eliminate the need for measuring the
resistance of each MFV (as described below). Moreover,
programming of all MFVs could be faster than selective
programming when a large number (e.g. a majority) of
the MFVs have an initial resistance greater than the
predetermined value.

In one embodiment, only certain MFVs having a
resistance greater than the predetermined value are
programmed. In this embodiment, an intermediate step
of measuring each MFV's resistance is required prior to
the programming step. In such an embodiment,
unprogrammed MFVs are used, in addition to programmed
MFVs, to implement the predetermined circuit.

Programming as described herein can also be
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applied to a conventionally formed electrical conductor
(i.e. an electrical conductor formed by conventional
methods and without programming) to reduce the
conventional conductor's resistance to a value below a
predetermined value needed to implement a predetermined
circuit.

Programming to permanently change the physical
structure of a MFV material (e.g. breakdown the binding
material) as described herein can improve the current
carrying capacity and reduce the resistance of prior
art electrical conductors of the type described in, for
example, U.S. Patents 5,282,312, 5,250,228, 5,428,190,
5,300,208, by Wada et al. (above). Specifically, an
electrical conductor, conventionally formed by using
conductive paste in the shape of one 6r more cones
(each cone having a tip and a circular base broader
than the tip) to pierce through a core layer, is
enhanced by passage of a programming current as
described herein. After such programming, the
electrical conductor has improved current carrying
capacity and lower resistance than a conductor formed
by simply using the conventional piercing process
alone.

Programming to reduce the resistance of an
electrical conductor eliminates the need to use the
prior art's blind vias, drill bits and gold plating,
all of which are very expensive as compared to MFVs.

Also, use of dams as described herein to provide
structural strength to a substrate eliminates the need
for a substrate to have a prior art core containing
woven glass fibers, again reducing costs.

Although certain structures and methods are
described herein, MFVs can be formed in any structure
at any location requiring an electrical conductor
passing through one or more dielectric layers.
Therefore the MFVs described herein can improve the
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density of circuitry implemented in substrates of
printed circuit boards, printed wiring boards,
multichip modules and IC packages thereby allowing
scaling of products for use in, for example, notebook
personal computers and portable cellular phones.

Although certain printed circuit boards have been
illustrated in FIGs. 1-9, other types of printed
circuit boards, such as a three layer board, can also
be formed using one or more of the steps described
herein. Also, a PCB with traces on only a single side
can be formed using one or more steps described herein.
Moreover, the MFV formation methods discussed above can
also use a solid metal sheet (for connection to a power
source or ground) as a central supporting portion of a
substrate, instead of using a dielectric core layer as
described above.

Although MFVs 493A and 441A illustrated in FIG. 4K
are stacked over each other and connected to each other
through a trace 331, in other embodiments such MFVs can
be placed directly in contact with each other without
an intervening trace. Moreover, although only two MFVs
are illustrated as being stacked to connect traces
separated from each other by two dielectric layers, any
number of MFVs can be stacked in other embodiments.

Although in one embodiment copper foils are formed
by lamination to a dielectric layer, copper layers can
also be formed by electroless plating on the structure
illustrated in FIG. 2D to form the structure
illustrated in FIG. 2E.

Although the MFV material is placed at certain
locations predetermined to require an electrical
conductor, a MFV material formed of a nonconductive
material can be blanket deposited, to form a continuous
layer between two conductive layers, without formation
of via holes. 1In such an embodiment, after a

conductive layer is formed over the blanket deposited
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nonconductive layer, and after the conductive layer is
printed and etched, a programming voltage must be
applied across any two traces separated by the
nonconductive material at each predetermined location
to form an electrical conductor through the
nonconductive material.

Although in some embodiments the MFVs are formed
only at predetermined locations (determined by the
predetermined circuit to be implemented), the MFVs can
be formed at a number of locations arranged in the form
of a matrix, to implement a programmable structure. In
one embodiment, such a programmable structure does not
implement a circuit until a user's programming.
Specifically, one or more electrical conductors are
selectively formed through the MFVs in such a structure
only by a user's programming of selected MFVs to
implement a circuit selected by the user, after
fabrication of the programmable structure. A
conductive path can be formed in an MFV on programming
using electrical energy, light energy, heat energy or
mechanical energy. For example, an MFV can be
programmed by applying a voltage pulse using a voltage
source of between 10V to 1000V. In one embodiment, an
MFV of polymer of 2 um thickness is programmed by a
voltage pulse of 1000 volts. On receiving the full
programming voltage the MFV material breaks down to
form an interconnection therebetween with sufficiently
low resistance (for example, resistance in the range of
1 milli-ohm to 100 ohms). A good interconnection can
be accomplished by optimizing the programming voltage,
current, time, MFV material and electrode material. In
such an embodiment, both conductive as well as non-
conductive MFVs form essential and normal parts of the
circuit implemented by the user.

Various modifications and adaptations of this

invention are encompassed by the accompanying claims.
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CLAIMS
1. A method of forming a structure for
supporting a plurality of electronic components, said
method comprising:
forming a compound layer comprising a first
material and a dielectric layer, said first
material being located in at least a first hole in
said dielectric layer;
wherein said compound layer separates a first
conductive layer from a second conductive layer;
and
programming the first material located in
said first hole.

2. The method of Claim 1 wherein said dielectric
layer is photoimagable and said step of forming
comprises:

imaging and developing said dielectric layer
to form at least said first hole; and

placing said first material in said first
hole.

3. The method of Claim 2 further comprising
partially curing said dielectric layer to a nontacky
condition prior to said step of placing said first

material.

4. The method of Claim 2 further comprising
applying a nontacky layer over said

dielectric layer before said imaging; and
dissolving said nontacky layer during said

developing.
5. The method of Claim 1 wherein said step of

forming comprises:

stencil printing said first material; and
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screen printing said dielectric layer.

6. The method of Claim 5 wherein said stencil
printing step is done after said screen printing step.

7. The method of Claim 5 further comprising a
step of partially curing a dielectric layer using heat.
8. The method of Claim 5 further comprising a

step of partially curing a dielectric layer using
ultraviolet light.

9. The method of Claim 1 further comprising
applying an adhesive layer over said compound layer
prior to formation of said second conductive layer,
said adhesive layer having a thickness less than a
thickness of said compound layer.

10. The method of Claim 1 wherein said first
material is applied to cover all of said dielectric
layer.

11. The method of Claim 1 wherein said first
material is applied by stencil printing.

12. The method of Claim 1 further comprising
drilling a hole and plating said drilled hole.

13. The method of Claim 11 wherein said hole is
drilled and plated prior to said step of applying a
first material.

14. The method of Claim 11 wherein said hole is
drilled and plated subsequent to said step of applying
a first material.

44~



10

15

20

25

30

35

WO 97/13393 PCT/US96/15975

15. The method of Claim 1 wherein said first
material has a second breakdown voltage lower than a
first breakdown voltage of said dielectric layer and
said programming voltage is greater than or equal to
said second breakdown voltage, and said programming
step forms an electrical conductor connecting said

conductive layers.

16. The method of Claim 1 wherein said forming
step further comprises providing a plurality of dams.

17. The method of Claim 16 wherein each of said
dams is formed at a location free of said first

conductive layer and said second conductive layer.

18. The method of Claim 1 wherein said first hole
is located at a location predetermined for formation of
an electrical conductor to implement a predetermined
circuit.

19. The method of Claim 1 wherein said first
material comprises a binding material densely populated
with conductive particles and wherein said step of
forming comprises forming an electrical conductor in
said micro filled via material by contact of at least a

group of said conductive particles.

20. The method of Claim 1 wherein said first
material is densely populated with conductive particles
and a programming current is passed through said micro
filled via material to reduce the resistance of an
electrical conductor originally formed in said first
material.

21. The method of Claim 20 wherein said step of

programming comprises enhancing said electrical
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conductor by softening and moving the binding material
from between said conductive particles to increase the
contact area and reduce the contact resistance between
adjacent particles.

22. The method of Claim 20 wherein said step of
programming comprises enhancing said electrical
conductor by softening and moving the binding material
from between a conductive particle and a conductive
layer.

23. The method of Claim 1 wherein said first
material comprises a dielectric material and wherein
said step of programming comprises breaking down said
dielectric material to form at least one carbonized
filament.

24. The method of Claim 23 wherein said first
material further comprises at least one conductive
particle and said step of programming forms at least
two carbonized filaments coupled to said conductive
particle.

25. The method of Claim 1 further comprising
forming said first conductive layer on an insulating
core layer having embedded glass fibers.

26. A structure comprising:

a first trace having a first contiguous
surface;

a second trace having a second contiguous
surface;

a dielectric layer separating said second
trace from said first trace;

a first material located between said first
contiguous surface of said first trace, said

_46_



10

15

20

25

30

35

WO 97/13393 PCT/US96/15975

second contiguous surface of said second trace,
and in a first hole defined by said dielectric
layer;

wherein said dielectric layer is formed of a
printed circuit board dielectric material devoid
of woven glass fiber, said first trace and said
second trace are traces in a printed circuit
board, and said first material comprises a

dielectric material.

27. The structure of Claim 26 wherein said first
material further comprises at least one conductive

particle.

28. The structure of Claim 27 wherein said first
material is densely populated with a plurality of
conductive particles and an electrical conductor is
formed in said first material by contact among a group
of said conductive particles.

29. The structure of Claim 28 wherein the
resistance of said electrical conductor after passage
of a programming current through said group of
conductive particles is lower than the resistance of

said electrical conductor before said passage.

30. The structure of Claim 28 wherein said
conductive particles have irregular shapes.

31. The structure of Claim 28 wherein said

conductive particles have non-uniform sizes.

32. The structure of Claim 26 wherein an
electrical conductor comprises a carbonized filament
formed through said first material by applying a

programming voltage across said first material and
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wherein said first material has a breakdown voltage

lower than that of the dielectric layer.

33. The structure of Claim 32 wherein said first
material comprises at least one particle formed of at
least a conductive material.

34. The structure of Claim 26 wherein said first
hole has a first area adjacent said first trace and a
second area adjacent said second trace, and said first

area is approximately the same as said second area.

35. The structure of Claim 26 wherein said first
trace is formed on an insulating core layer having
embedded glass fibers.

36. The structure of Claim 26 wherein said first
contiguous surface and said second contiguous surface
are substantially flat adjacent said first hole.

37. The structure of Claim 26 wherein said
dielectric layer further defines a second hole, said
structure further comprising a structural support
member located within said second hole.

38. The structure of Claim 26 wherein said
structural support member is formed of said first
material.

39. structure comprising:
first trace;

second trace;

VR TR R

dielectric material separating said second
trace from said first trace;
a first material located between a first

contiguous surface of said first trace, a second
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contiguous surface of said second trace and in a
first hole defined by said dielectric material;
wherein said dielectric material is a printed
circuit board dielectric material, said first
trace and said second trace are traces in a
printed circuit board, and said first material
comprises a conductive polymer and at least one

particle formed of at least a conductive material.

40. The structure of Claim 39 wherein said first
material is densely populated with a plurality of said
conductive particles and an electrical path is formed
in said micro filled via material by contact among a

group of said conductive particles.

41. The structure of Claim 39 wherein said first
material consists of only one particle located in said
first hole and further wherein an electrical path in

said first material includes said particle.

42. The structure of Claim 39 wherein resistance
of said electrical path is reduced by passage of a
programming current through said group of conductive
particles.

43. A method comprising:

forming a dielectric layer devoid of woven
glass fibers on at least a first trace of a first
conductive layer;

forming a plurality of holes at a plurality
of predetermined locations in said dielectric
layer, each of said predetermined locations being
a location for formation of an electrical
conductor;

placing a micro filled via material in at

least each of said plurality of holes, to form a
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compound layer;

laminating a second conductive layer on said
compound layer; and

etching said second conductive layer to form
at least a second trace.

44. The method of Claim 43 further comprising
programming said micro filled via material in each of
said holes to form an electrical conductor in each of
said holes, at least one of said electrical conductors

connecting said second trace to said first trace.

45. The method of Claim 44 wherein said micro
filled via material comprises a binding material and a
number of conductive particles dispersed in said
binding material, and during said step of programming
said binding material softens and moves out from
between two conductive particles or from between a
conductive particle and one of said first trace and
said second trace.

46. The method of Claim 44 said step of applying
said programming voltage is performed immediately after
said step of etching said second conductive layer.

47. The method of Claim 43 further comprising
determining the resistance of said micro filled via
material located between said first trace and said
second trace.

48. The method of Claim 43 wherein said
programming step is performed after said determining

step.

49. The method of Claim 43 wherein said step of
placing comprises applying said micro filled via

-50-
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material to cover all of said first dielectric

material.

50. The method of Claim 43 wherein said micro
filled via material comprises a binding material
densely populated with conductive particles and wherein
said step of forming comprises creating an electrical
conductor in said micro filled via material by contact

of at least a group of said conductive particles.

S1. The method of Claim 43 wherein said
dielectric layer is a photoimagable layer, and wherein
said stép of forming a plurality of holes comprises

imaging and developing said photoimagable layer.

52. The method of Claim 51 wherein said
dielectric layer comprises a plurality of chopped glass
fibers with the largest dimension of any one of said
fibers being less than the smallest diameter of said
holes and said step of developing comprises removing a
group of said fibers during formation of said holes.

53. The method of Claim 43 wherein said step of

placing comprises stencil printing said micro filled
via material.
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