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TITLE
SUBSTRATES FOR ELECTRONIC CIRCUITRY TYPE APPLICATIONS
CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application
No. 60/755,174 filed December 30, 2005; U.S. Provisional Application No.
60/755,249 filed December 30, 2005; and U.S. Provisional Application No.

60/814,260 filed June 16, 2006 which are each incorporated by reference

in their entireties.
FIELD OF INVENTION
The present invention relates generally to polymer based

substrates that can be selectively drilled (either wholly or partially) and/or
surface ablated, using electromagnetic radiation, such as, amplified light
(e.g., a laser), an electron beam or the like. More specifically, the
compositions of the present invention comprise a drilled or ablated region
that is sufficiently activated by the electromagnetic radiation to allow direct
metalization (e.g., by electroless or electrolytic metal plating techniques)
without requiring a separate metallization seed layer type step.
BACKGROUND INFORMATION
Electronic circuits are conventionally made from rigid epoxy-metal

laminates, using a subtractive process. In such a process, a dielectric is
typically layered with a solid metal layer, and thereafter, the metal layer is
converted to a metal circuit pattern by subtracting away most of the metal
using known lithography exposure and development (and/or etching)
techniques. Such conventional methods can provide fine line conductive
circuit patterns. However, such processes can be expensive,
environmentally unfriendly, and increasingly problematic in meeting future
requirements in the industry.

EP 1 367 872 A2 to Goosey et al. relates to laser activated
dielectric materials and an electroless metal deposition process. This
Goosey reference teaches the use of a sensitizing pre-dip and a milling
process.

However, a need exists for an alternative, commercially practical
method for creating reliable, metalized traces and vias (“vias” are also
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known as and sometimes referred to herein as “interconnects”) without
requiring the removal of relatively large amounts of metal during
circuitization.

SUMMARY OF THE INVENTION -

The present invention is directed to an electronic substrate

having a polymer based layer. The polymer based layer comprises a heat
stable, dielectric polymer in an amount within a range between (and
optionally including) any two of the following: 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 86, and 97 weight-percent, based upon the total weight
of the polymer based layer. Useful polymers in accordance with the
present invention include polyimides, epoxy resins, silica filled epoxies,
bismaleimide resins, ismaleimide triazines, fluoropolymers, polyesters,
polyphenylene oxide/polyphenylene ether resins,
polybutadiene/polyisoprene crosslinkable resins, liquid crystal polymers,
polyamides, cyanate esters, and blends, derivations, combinations or
copolymers thereof.

In addition to polymer, the polymer based layer further
includes at least a plurality of non-conductive, non-activated crystal filler
particles. The filler particles are present in an amount within a range
between (and optionally including) any two of the following: 3, 4,5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 weight-
percent of the total weight of the polymer based layer.

The filler particles of the present invention have a non-
homogeneous cationic component within the crystalline structure. Upon
activation, such filler particles require no further processing to produce a
commercially viable metallization surface.

The non-homogeneous cationic component has at least two
different cationic components. In one embodiment, the first cationic
component has a valence that is different from the valence of the second
cationic component, and in such an embodiment, the first cationic
component can be a metal that is different from the metal of the second
cationic component. Generally, the first and second cationic components
will be present within the crystalline filler particles in a ratio of 0.1-10:1.

2
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In addition to the polymer based layer, the compositions of the
present invention further include a conductive metal bonded to the
polymer based layer along an interface. The interface is substantially
devoid or otherwise free of a metallization seed layer other than a thin
(generally less than 1000, 100, 80, 60, 50, 25, 10, 5, 4, 3, 2, 1 or 0.1
microns), continuous or discontinuous network of activated filler. The
network of activated filler can be orderly, disorderly or a combination
thereof. Once activated, the filler becomes substantially conductive (e.g.,
has a resistivity less than 0.001, 0.0001 or 0.00001 chm-cm), whereas
prior to activation, the filler is substantially dielectric (e.g., has a resistivity
greater than 0.01, 0.1, 1.0 or 10.0 ohm-cm). '

The activated filler is created by activating the non-activated
crystal filler discussed above. The filler is activated using electromagnetic
radiation. In accordance with the present invention, the electromagnetic
radiation simultaneously drills or ablates the polymer based layer at
precise, pre-defined locations, while simultaneously activating the non-
activated multi-cation crystal filler. The surface defining the hole or
indentation is effectively converted into a metallization seed layer, due to
surface activation induced by the laser (or other high energy
electromagnetic radiation). Hence, once the hole or indentation is created,
it can then be immediately metalized, such as, by electroless and/or
electrolytic metal plating, and the resulting metalized trace or via generally
provides excellent electrical conducting performance, without the cost,
expense and potential for error, inherént in a pre-dip (or other similar-type
means for creating a seed layer that is separate and apart from the drilling
or ablation step).

Other optional ingredients can also be incorporated into the
polymer base layer of the present invention, such as, fillers, pigments,
viscosity modifiers, and other additives common to the above described
polymer systems, provided however that (depending upon the particular
embodiment chosen) the total amount of optional ingredients does not
exceed (or optionally is less than): 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15,
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20, 25, 30, 35, 40, 45, 50, 55 or 60 weight-percent of the total weight of
the polymer based layer.

Other features and advantages of the invention will be apparent
from the following detailed description as well as the claims. The
foregoing general description and the following detailed description are
exemplary and explanatory only, and are not intended to be restrictive of
the invention as defined in the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
Definitions:

As used herein, the terms “comprises,” “comprising,” “includes,”
“including,” “has,” "having” or any other variation thereof, are intended to
cover a non-exclusive inclusion. For example, a composition, a film, a
composite, process, method, article, or apparatus that comprisés a list of
elements is not necessarily limited to only those elements but may include
other elements not expressly listed or inherent to such process, method,
article, or apparatus. Further, unless expressly stated to the contrary, “or”
refers to an inclusive or and not to an exclusive or. For example, a
condition A or B is satisfied by any one of the following: A is true (or
present) and B is false (or not present), A is false (or not present) and B is
true (or present), and both A and B are true (or present). Also, use of the
“a” or “an” are employed to describe elements and components of the
invention. This is done merely for convenience and to give a general
sense of the invention. This description should be read to include one or
at least one and the singular also includes the plural unless it is obvious
that it is meant otherwise.

As used herein, the term “film” or “polymer film” describes the
physical form of the polymer composition, which may be flexible or rigid,
and in roll or sheet form.

As used herein, the term “composition” or “polymer composition”
describes a composition including various components, for example, multi
cation crystal filler(s) and polymer binder(s).

As used herein, the term “composite” describes a layered structure
having at least one or more layers.
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As used herein, the term “prepreg” means a woven glass or fiber-
reinforced rigid dielectric layer with a partially cured B-stage polymer
composition or a fully cured C-stage polymer composition. For example, a
composition according to an aspect of the invention is impregnated into a
woven glass structure to form a prepreg.

As used herein the terms FR-4 and FR-5 are chemically specific
epoxy resins in a glass reinforced matrix, for example, copper clad epoxy
impregnated glass fabric board in various grades classified by National
Electrical Manufacturers Association (NEMA) which include FR-4 and FR-
5.

As used herein the term “adjacent” does not necessarily mean that
a layer, member or structure is immediately next to another layer, member
or structure. A combination of layer(s), member(s) or structure(s) that
directly contact each other are still adjacent to each other. .

As used herein, the term “DC” means digital circuitry.

As used herein, the term “functional layer” means a layer that has
functional characteristics including, but not limited to: thermally
conductive, dimensionally stable, adhesive, capacitive, resistive, and high
frequency dielectric capability.

Unless otherwise defined, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivalent to those described herein can be used
in the practice or testing of the invention, suitable methods and materials
are described below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their
entirety. In case of conflict, the present specification, including definitions,
will control. In addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.

Descriptions:
In one embodiment, the composition of the present invention is a
light-activatable polymer composition comprises a heat stable, dielectric
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polymer binder and a crystalline filler. The heat stable, dielectric polymer
binder has a dielectric constant less than (or less than and equal to) 10,
6.0, 5.0, 4.0, or 3.5, and sufficient heat stability that the polymer (or
polymer blend) exhibits a change in modulus of less than 10, 8, 6, 5, 4, 3,
2, 1, or 0.1 percent when heated from a temperature of 20 °C to a
temperature of 60, 70, 80, 90. 100, 125, 150, 175 or 200°C. Examples of
such polymer binders can generally be selected from polyimides, epoxy
resins, silica filled epoxy, bismaleimide resins, bismaleimide triazines,
fluoropolymers, polyesters, polyphenylene oxide/polyphenylene ether
resins, polybutadiene/polyisoprene crosslinkable resins (and copolymers),
liquid crystal polymers, polyamides, cyanate esters, or combinations
thereof, and a muiti cation crystal filler. In this embodiment, the polymer
binder is present in an amount between (and optionally including) any two
of the following: 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96 or 97
weight-percent of the total weight of the polymer composition. The filler is
a multi-cation metal oxide crystal filler present in an amount between (and
optionally, including) any two of the following: 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 weight-percent of the total
weight of the polymer composition.

Whereas conventional alumina, titania, silica and other substantially
two component metal oxide, crystalline filler particles have a relatively
simple crystalline structure which generally react (to the activation energy
of the present invention) in a way that creates a surface requiring further
processing before a commercially viable metallization surface is produced,
the crystalline filler particles of the present invention comprise a complex
crystalline structure having a non-homogeneous cationic structure. Such
crystalline filler particles of the present invention are capable of acting
effectively as a metallization seed layer, when activated by
electromagnetic radiation in accordance with the present invention.

In one embodiment, a single-layer light-activatable polymer
composite, includes a polymer composition comprising at least (or
alternatively, comprising greater than): 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 96 or 97 weight-percent of a polymer binder selected from the

6
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group consisting of polyimide, epoxy resins, silica filled epoxy,
bismaleimide resins, bismaleimide triazines, fluoropolymers, polyesters,
polyphenylene oxide/polyphenylene ether resins,
polybutadiene/polyisoprene crosslinkable resins (and copolymers), liquid
crystal polymers, polyamides, cyanate esters, or combinations thereof,
and a multi cation crystal filler. The weight percent of the filler, based on
the total weight of the polymer composition used in the layer, is at least (or
alternatively, is greater than): 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20,
25, 30, 35, 40, 45, 50, 55 or 60 weight percent.

In another embodiment, a two-layer light-activatable polymer
composite includes a first layer and a second layer; the first layer including
a composition that includes at least (or alternatively, is greater than): 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96 or 97 weight-percent of a
polymer selected from polyimide, epoxy resins, silica filled epoxy,
bismaleimide resins, bismaleimide triazines, fluoropolymers, polyesters,
polyphenylene oxide/polyphenylene ether resins,
polybutadiene/polyisoprene crosslinkable resins (and copolymers), liquid
crystal polymers, polyamides, cyanate esters, or combinations thereof, the
weight percent of the polymer binder based on the total weight of the
polymer composition used in the first layer; and, at least (or alternatively,
is greater than): 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35,
40, 45, 50, 55 or 60 weight-percent muliti cation crystal filler based on the
total weight of the polymer composition used in the first layer, and the
second layer includes a functional layer.

In another embodiment, a three-layer light-activatable polymer
composite includes two outer layers adjacent to an inner layer; the inner
layer is positioned between the two outer layers, wherein at least one of
the outer layers includes a polymer composition that includes at least (or
alternatively, is greater than): 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 96 or 97 weight-percent of a polymer binder selected from polyimide,
epoxy resins, silica filled epoxy, bismaleimide resins, bismaleimide
triazines, fluoropolymers, polyesters, polyphenylene oxide/polyphenylene
ether resins, polybutadiene/polyisoprene crosslinkable resins (and

7
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copolymers), liquid crystal polymers, polyamides, cyanate esters, or
combinations thereof, the weight percent of the polymer binder based on
the total weight of the polymer composition used in the one outer layer;
and, at least (or alternatively, greater than): 3, 4,5,6,7, 8,9, 10, 11, 12,
13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60 weight-percent (multi-cation
metal oxide) filler based on the total weight of the polymer composition
used in the one outer layer, and the inner layer (and optionally the other
outer layer) is a functional layer.

Generally speaking, the activated (multi-cation metal oxide) filler is
auto-catalytic, because it can effectively act as a seed layer or
metalization catalyst immediately upon (electromagnetic) activation of the
filler, and the activated fillers of the present invention can therefore be
immediately used as a metallization seed layer without any need for
further treatment or processing. Conventional laser activated fillers are
often referred to as catalytic, but are generally not auto-catalytic, since
conventional laser activated fillers generally require additional processing,
such as the use of a pre-dip, before useful metallization is possible.

In another embodiment, a process for making a light-activatable
polymer composition includes the steps of: dispersing a spinel type multi
cation crystal filler in an organic solvent to form a dispersion where the
average particle size of the spinel crystal filler is between (and optionally
includes) any two of the following numbers 50, 100, 300, 500, 800, 1000,
2000, 3000, 4000, 5000 and 10000 nanometers; combining the dispersion
with a polymer binder selected from polyimide, epoxy resins, silica filled
epoxy, bismaleimide resins, bismaleimide triazines, fluoropolymers,
polyesters, polyphenylene oxide/polyphenylene ether resins,
polybutadiene/polyisoprene crosslinkable resins (and copolymers), liquid
crystal polymers, polyamides, cyanate esters, or combinations thereof, to
form a polymer composition; applying the polymer composition onto a
portion of a flat surface to form a layer, and applying thermal energy to the
layer to form a polymer composite.

In another embodiment, a process in accordance with the present
invention further includes light-activating a portion of the polymer

8
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composite with a laser beam to form a light activated pattern on a surface
of the'composite, and metal plating the light activated pattern of the
polymer composite using an electroless (or alternatively an electrolytic)
plating bath to form electrically conductive pathways on the light activated
pattern.

In one embodiment, a light-activatable polymer composition
includes a polymer binder selected from a group consisting of: polyimide,
epoxy resins, silica filled epoxy, bismaleimide resins, bismaleimide
triazines, fluoropolymers, polyesters, polyphenylene oxide/polyphenylene
ether resins, polybutadiene/polyisoprene crosslinkable resins, liquid crystal
polymers, polyamides, cyanate esters, and combinations and copolymers
thereof, the polymer binder being present in an amount between (and
optionally also including) any two of the following: 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 96 or 97 weight-percent of the total weight of the
polymer composition; and a spinel crystal filler present in an amount
between (and optionally also including) any two of the following: 3, 4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 weight-
percent of the total weight of the polymer composition. The polymer
composition has a visible-to-infrared light extinction coefficient between
and including any two of the following numbers 0.05, 0.06, 0.07, 0.08,
0.09, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 per micron.

In one embodiment, the spinel crystal filler is represented by the
chemical formula AB2O,4 or BABO,, where: i. the A component of the
formulas is a metal cation having a valence of 2 and is selected from a
group consisting of cadmium, zinc, copper, cobalt, magnesium, tin,
titanium, iron, aluminum, nickel, manganese, chromium, and combinations
of two or more of these; and ii. the B component of the formulas is a metal
cation having a valence of 3, selected from a group consisting of
cadmium, manganese, nickel, zinc, copper, cobalt, magnesium, tin,
titanium, iron, aluminum, chromium, and combinations of two or more of
these.

Alternatively, the A component is an element from the periodic table
selected from a group consisting of cadmium, chromium, manganese,

9
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nickel, zinc, copper, cobalt, iron, magnesium, tin, titanium, and
combinations of two or more of these, and the B component is an element
from the periodic table selected from a group consisting of chromium, iron,
aluminum, nickel, manganese, tin, and combinations of two or more of
these.

The spinel crystal filler can have an average particle size between
and including any two of the following numbers 50, 100, 300, 500, 800,
1000, 2000, 3000, 4000, 5000 and 10000 nanometers.

The composition may be impregnated into a glass structure to form
a prepreg, may be impregnated into a fiber structure, or may be in the
form of a film.

The film composites of the present invention may have a thickness
between and including any two of the following numbers 1, 2, 3, 4, 5, 7, 8,
9, 10, 12, 14, 186, 18, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 125, 150, 175 and 200 microns.

In another embodiment, a single-layer light-activatable polymer
composite includes a polymer composition comprising at least 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, 96, or 97 weight-percent of a polymer
binder selected from the group consisting of polyimide, epoxy resins, silica
filled epoxy, bismaleimide resins, bismaleimide triazines, fluoropolymers,
polyesters, polyphenylene oxide/polyphenyiene ether resins,
polybutadiene/polyisoprene crosslinkable resins (and copolymers), liquid
crystal polymers, polyamides, cyanate esters, or combinations thereof, the
weight percent of the polymer binder based on the total weight of the
polymer composition used in the first layer; and, at least 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60 weight-percent
spinel crystal filler based on the total weight of the polymer composition.
The single layer polymer composite can have a visible-to-infrared light
extinction coefficient between and including any two of the following
numbers 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 per
micron. In another embodiment, the polymer composite can have a visible
to ultraviolet light extinction coefficient between and including and two of
the following numbers: 0.6 and 50 per micron. The single layer polymer

10
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composite includes a polymer binder, which can be a polyimide, epoxy
resin, bismaleimide resin, bismaleimide triazine, a fluoropolymer,
polyester, a liquid crystal polymer, a polyamide, a cyanate ester, or
combinations, copolymers or derivations thereof.

In another embodiment, a two-layer light activatable polymer
composite includes a first layer and a second layer; the first layer
comprises a composition comprising at least (and alternatively, greater
than) 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96 or 97 weight-
percent of a polymer binder selected from the group consisting of
polyimide, epoxy resins, silica filled epoxy, bismaleimide resins,
bismaleimide triazines, fluoropolymers, polyesters, polyphenylene
oxide/polyphenylene ether resins, polybutadiene/polyisoprene
crosslinkable resins (and copolymers), liquid crystal polymers, polyamides,
cyanate esters, or combinations thereof, the weight percent of the polymer
binder based on the total weight of the polymer composition used in the
first layer; and, at least (and alternatively, greater than): 3, 4, 5, 6, 7; 8,9,
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60 weight-percent
spinel crystal filler based on the total weight of the polymer composition
used in the first layer, and the second layer comprises a functional layer.
The first layer may be in the form of a film or a prepreg. The first layer can
have a visible-to-infrared light extinction coefficient between (and
optionally including) any two of the following numbers 0.05, 0.06, 0.07,
0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 per micron. The second
functional layer may be in the form of a film or prepreg. The second
functional layer may also be a thermal conduction layer, a capacitor layer,
a resistor layer, a dimensionally stable dielectric layer, or an adhesive
layer.

In a nother embodiment, a three-layer light-activatable polymer
composite includes two outer layers adjacent to an inner layer; the inner
layer positioned between the two outer layers, wherein at least one of the
outer layers comprises a polymer composition comprising at least (or
alternatively, greater than) 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96
or 97 weight-percent of a polymer binder selected from the group
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consisting of polyimide, epoxy resins, silica filled epoxy, bismaleimide
resins, bismaleimide triazines, fluoropolymers, polyesters, polyphenylene
oxide/polyphenylene ether resins, polybutadiene/polyisoprene
crosslinkable resins (and copolymers), liquid crystal polymers, polyamides,
cyanate esters, or combinations thereof, the weight percent of the polymer
binder based on the total weight of the polymer composition used in the
first layer; and at least (or alternatively, greater than) 3,4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60 weight-percent
spinel crystal filler based on the total weight of the polymer composition
used in the first layer, and wherein in the inner layer (and optionally one of
the outer layers) comprises a functional layer like a film or prepreg.

In another embodiment, a process for making a light-activatable
polymer composition comprises the steps of: dispersing a spinel crystal
filler in an organic solvent to form a dispersion, wherein the average
particle size of the spinel crystal filler is between (and optionally including)
any two of the following numbers 50, 100, 300, 500, 800, 1000, 2000,
3000, 4000, 5000 and 10000 nanometers; combining the dispersion with a
polymer binder selected from the gfoup consisting of polyimide, epoxy
resins, silica filled epoxy, bismaleimide resins, bismaleimide triazines,
fluoropolymers, polyesters, polyphenylene oxide/polyphenylene ether
resins, polybutadiene/polyisoprene crosslinkable resins (and copolymers),
liquid crystal polymers, polyamides, cyanate esters, or combinations
thereof, to form a polymer composition: applying the polymer composition
onto a portion of a flat surface to form a layer; and applying thermal
energy to the layer to cure the polymer composition. The thermally
exposed polymer composition may have a visible-to-infrared light
extinction coefficient between and including any two of the following
numbers 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 per
micron. The process may further include the steps of: light-activating a
portion of the polymer composition with a laser beam to form light
activated pattern on a surface of the composition, and metal plating the
light activated pattern of the polymer composition using an electroless (or
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electrolytic) plating bath to form electrically conductive pathways on the
light activated portions.

In yet another embodiment, a circuit board incorporates the polymer
composition. The compositions may also be incorporated into a
component selected from an integrated circuit package, an interconnect in
a pin grid array, a multi-chip module, a chip-scale package, a ball grid
array, a radio frequency module, a digital module, chip-on-flex, a stacked
via substrate, a printed circuit board having embedded passive devices, a
high density interconnect circuit board, an "LGA" Land grid array, an
"SOP" (System-on Package) Module, a "QFN" Quad Flat package-No
Leads, and a "FC-QFN" Flip Chip Quad Flat package-No leads, a
component used in a high density interconnect, including a wafer scale
package, a tape automated bonding circuit package, a chip-on-flex circuit
package, or a chip-on-board electronic circuit package.

The compositions of the present invention may optionally further
comprise an additive selected from the group consisting of an antioxidant,
a light stabilizer, a light extinction coefficient modifier, a flame retardant
additive, an anti-static agent, a heat stabilizer, a reinforcing agent, an
ultraviolet light absorbing agent, an adhesion promoter, an inorganic filler,
for example, silica, a surfactant or dispersing agent, or combinations
thereof. Light extinction coefficient modifiers include, but are not limited
to, carbon powder or graphite powder.

In one embodiment, the polymer compositions of the invention have
dispersed therein highly light activatable spinel crystal fillers, where the
fillers comprise two or more metal oxide cluster configurations within a
definable crystal formation. The overall crystal formation, when in an ideal
(i.e., non-contaminated, non-derivative) state, has the following general
formula:

AB,0O,
Where:
i. A (in one embodiment, A is a metal cation having primarily,
if not exclusively, a valance of 2) is selected from a group
including cadmium, chromium, manganese, nickel, zinc,

13



WO 2007/079156
5
i
10
iii.
15
iv.
20
V.
25
vi.
30 Vii.

PCT/US2006/049453

copper, cobalt, iron, magnesium, tin, titanium, and
combinations thereof, which provides the primary cation
component of a first metal oxide cluster (“metal oxide
cluster 1”) typically a tetrahedral structure,

B (in one embodiment, B is a metal cation having primarily,
if not exclusively, a valance of 3) is selected from the group
including chromium, iron, aluminum, nickel, manganese,
tin, and combinations thereof and which provides the
primary cation component of a second metal oxide cluster
(“metal oxide cluster 2") typically an octahedral structure,

where within the above groups A or B, any metal cation
having a possible valence of 2 can be used as an “A”, and
any metal cation having a possible valence of 3 can be
used as a “B”,

where the geometric configuration of “metal oxide cluster 1”
(typically a tetrahedral structure) is different from the
geometric configuration of “metal oxide cluster 2” (typically
an octahedral structure),

where a metal cation from A and B can be used as the
metal cation of “metal oxide cluster 2" (typically the
octahedral structure), as in the case of an ‘inverse’ spinel-
type crystal structure,

where O is primarily, if not exclusively, oxygen; and

where the “metal oxide cluster 1” and “metal oxide cluster
2" together provide a singular identifiable crystal type
structure having heightened susceptibility to
electromagnetic radiation evidenced by the following
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property, when dispersed in a polymer-based dielectric at a
loading of about 10 to about 30 weight percent, a “visible-
to-infrared light” extinction coefficient can be measure to be
between and including any two of the following numbers,
0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6
per micron.

The spinel crystal fillers can be dispersed in a polymer binder
solution. The polymer binder solution includes polyimide, epoxy resins,
silica filled epoxy, bismaleimide resins, bismaleimide triazines,
fluoropolymers, polyesters, polyphenylene oxide/polyphenylene ether
resins, polybutadiene/polyisoprene crosslinkable resins (and copolymers),
liquid crystal polymers, polyamides, cyanate esters, or combinations
thereof, dissolved in a solvent. The fillers are typically dispersed at a
weight-percent between (and optionally including) any two of the following
numbers 3, 5, 7, 9, 10, 12, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60
weight-percent of the polymer, and initially have an average particle size
(after incorporation into the polymer binder) of between (and optionally
including) any two of the following numbers 50, 100, 300, 500, 800, 1060,
2000, 3000, 4000, 5000 and 10000 nanometers.

The spinel crystal fillers can be dispersed in an organic solvent
(either with or without the aid of a dispersing agent) and in a subsequent
step, dispersed in a polymer binder solution to form a blended polymer
composition. The blended polymer composition can then be cast onto a
flat surface (or drum), heated, dried, and cured or semi-cured to form a
polymer film with a spinel crystal filler dispersed therein.

The polymer film can then be processed through a light activation
step by using a laser beam. The laser beam can be focused, using optical
elements, and directed to a portion of the surface of the polymer film
where a circuit-trace, or other electrical component, is desired to be
disposed. Once selected portions of the surface are light-activated, the
light-activated portions can be used as a path (or sometimes a spot) for a
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circuit trace to be formed later, by a metal plating step, e.g., an electroless
plating step.

The number of processing steps employed to make a circuit using
the polymer film or polymer composites of the present invention are often
far fewer relative to the number of steps in known subtractive processes
commonly employed in the industry today.

In one embodiment, the polymer compositions and polymer
composites have a visible-to-infrared light extinction coefficient of between
and including any two of the following numbers 0.05, 0.06, 0.07, 0.08,
0.09,0.1,0.2, 0.3, 0.4, 0.5, and 0.6 per micron (or 1/micron). Visible-to-
infrared light is used to measure a light extinction coefficient for each film.
The thickness of the film is used in the calculations for determining the
light extinction coefficient.

As used herein, the visible-to-infrared light extinction coefficient
(sometimes referred to herein to simply as ‘alpha’) is a calculated number.
This calculated number is found by taking the ratio of measured intensity
of a specific wavelength of light (using a spectrometer) after placing a
sample of the composite film in a light beam path, and dividing that
number by the light intensity of the same light through air.

If one takes the natural log of this ratio and multiplies it by (-1), then
divides that number by the thickness of the film (measured in n'1icrons), a
visible-to-infrared light extinction coefficient can be calculated.

The general equation for the visible-to-infrared light extinction
coefficient is then represented by the general formula;

Alpha = -1 x [In (I(X)/1(O))] / t

where I(X) represents the intensity of light transmitted through a film,

where I(O) represents the intensity of light transmitted through air,

and

where t represents the thickness of a film.

Typically, the film thickness in these calculations is expressed in
microns. Thus, the light extinction coefficient (or alpha number) for a
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particular film is expressed as ‘1/microns, or inverse microns (e.g.,
microns™). Particular wavelengths of light useful in the measurements
discussed herein are typically those wavelengths of light covering the
visible-to-infrared light portion of the spectrum.

The polymer compositions and polymer composites comprise spinel
crystal fillers, substantially homogeneously dispersed, in a polymer binder
solution in an amount within a range between (and including) any two of
the following weight-percentages 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 18, 20, 24,
25, 28, 30, 32, 34, 35, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and 60
weight-percent. Polymer composites containing too much spinel crystal
filler can sometimes be too brittle to handle in downstream processing as
the composites tend to lose flexibility with higher loadings of filler.

In one embodiment, the spinel crystal fillers are represented by the
general formula:

AB>04

where A is a metal cation typically having a valence 2, and is selected
from a group comprising cadmium, chromium, manganese, nickel, zinc,
copper, cobalt, iron, magnesium, tin, titanium, and combinations of two or
more of these, and where B is a metal cation typically having a valence of
3, and is selected from the group comprising chromium, iron, aluminum,
nickel, manganese, tin, and combinations of two or more of these, and
where O is primarily, if not in all cases, oxygen.

In one embodiment, the metal cation A provides the primary cation
component of a first metal oxide cluster, “metal oxide cluster 1” (typically a
tetrahedral structure) of a spinel structure. Metal cation B provides the
primary cation component of a second metal oxide cluster, “metal oxide
cluster 2" (typically an octahedral structure).

In another embodiment, within the above groups A and B, any
metal cation having a possible valence of 2 can be used as an “A” cation.
In addition, any metal cation having a possible valence of 3 can be used

as a “B” cation provided that the geometric configuration of “metal oxide
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cluster 1" is different from the geometric configuration of “metal oxide
cluster 2”.

In yet another embodiment, A and B can be used as the metal
cation of “metal oxide cluster 2" (typically the octahedral structure). This is
true in the particular case of an ‘inverse’ spinel-type crystal structure
typically having the general formula B(AB)O..

In one or more steps, a polymer binder is solvated to a sufficiently
low viscosity (typically, a viscosity of less than 50, 40, 30, 20, 15, 10, 9, 8,
7,6,5,4,3,2,1.5,1, 0.5, 0.1, 0.05, and 0.001 kiloPoise) to allow the
spinel crystal filler (which can also be suspendable in a similar or the same
solvent) to be adequately dispersed within the polymer binder solution.
The dispersion of the spinel crystal filler is conducted in such a manner as
to avoid undue agglomeration of the particles in the solution or the
dispersion. Unwanted agglomeration of the filler particles can cause
unwanted interfacial voids, or other problems in the polymer composite.

The spinel crystal filler particles can be dispersed in the polymer
binder solution directly, or can be dispersed in a solvent prior to dispersion
in the polymer binder solution. The filler particles can be mixed in a
solvent to form a dispersion, until the particles have reached an average
particle size of between any two of the following numbers 50, 100, 300,
500, 800, 1000, 2000, 3000, 4600, 5000, and 10000 nanometers. The
dispersion may then be mixed using a high-speed, or high-shear, mixing
apparatus. Spinel crystal filler may be dispersed using various suitable
solvents. In some cases, the dispersions may also include one or more
suitable dispersing agents known to a skilled artisan for assistance in
forming a stable dispersion, particularly for commercial scale production.

The spinel crystal fillers dispersed in the polymer binder solution
generally have an average particle size between and including any two of
the following numbers 50, 100, 200, 250, 300, 350, 400, 450, 500, 1000,
2000, 3000, 4000, 5000 and 10000 nanometers. Generally, at least 80,
85, 90, 92, 94, 95, 96, 98, 99 or 100 percent of the dispersed spinel crystal
filler is within the above size range(s). Crystal size, in the polymer binder
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solution, can be determined by a laser particle analyzer, such as an LS130
particle size analyzer with small volume module made by COULTER®.

The polymer binder solution and the spinel crystal filler particles are
combined to form a relatively uniform dispersion of the composition. The
composition may then be converted as described below into a polymer
composite where the solids content is ty;SicaIly greater than 98.0, 98.5,
99.0 or 99.5 weight-percent.

Because some spinel crystal fillers are easily dispersed in a
polymer binder solution, with little or no additional shearing force required,
slurries formed can contain often fewer than 100, 50, 20, 10, 8, 6, 5, 4, 3,
2, or 1 parts per million (ppm) undesired agglomerates. Undesirable
agglomerates are defined as a collection of bound (adjoining) spinel
crystal fillers having an average particle size of greater than 10, 11, 12, 13,
14, or 15 microns. However, some spinel crystal fillers may require some
milling or filtration to break up unwanted particle agglomeration for
adequately dispersing nano-sized fillers into a polymer. Milling and
filtration can be costly, and may not satisfactorily remove all unwanted
agglomerates. Thus, in one embodiment, the spinel crystal filler is
dispersible, and suspendable, at 20 weight-percent in a (at least 99
weight-percent pure) dimethylacetamide solvent. After dispersing and
suspending the spinel crystal filler into a solvent (optionally with the aid of
a high-shear mechanical mixer) less than 15, 10, 8, 6, 4, 2 or 1 weight-
percent of the filler particles by weight can precipitate out of solution when
the solution was kept at rest for 72 hours at 20°C.

The present invention employs the use of a selected group of spinel
crystal fillers to-allow for efficient and accurate surface patterning through
activation by a laser (or other similar type light patterning technique) prior
to bulk metallization of the pattern formed by the laser.

In one embodiment, a light extinction coefficient modifier can be
added as a partial substitute for some, but not all, of the spinel crystal
filler. Appropriate amounts of substitution can range from, between and
including any two of the following numbers, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30,
35, or 40 weight percent of the total amount of spinel crystal filler
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component. In one embodiment, about 10 weight percent of the spinel
crystal filler can be substituted with a carbon powder or graphite powder.
The polymer composite formed therefrom should have a sufficient amount
of spinel crystal structure present in the polymer composite to allow metal
ions to plate effectively on the surface thereof, while the above mentioned
amount of substitute (e.g., carbon powder) darkens the polymer composite
sufficiently enough so that a sufficient amount of light energy (i.e., an
amount of light energy that effectively light activates the surface of the
composite) can be absorbed.

A specific range of useful light extinction coefficients has been
advantageously found for the polymer compositions and polymer
composites. Specifically, it was found that the polymer compositions and
polymer composites require a sufficient degree of light-absorption
capability to work effectively in high-speed light activation steps typically
employing the use of certain laser machines.

For example, in one type of |ight-éctivation step employed (e.g., a
step employing the use of a laser beam) it was found that the polymer
compositions and composites of the present invention are capable of
absorbing a significant amount of light energy so that a well-defined circuit
trace pattern can be formegi thereon. This can be done in a relatively
short time. Conversely, commercially available polymer films (i.e., films
without these particular fillers, or films containing non-functional spinel
crystal fillers) may take longer, have too low a light extinction coefficient,

-and may not be capable of light-activating ina relatively short period, if at

all. Thus, many polymer films, even films containing relatively high
loadings of other types of spinel crystal fillers, may be incapable of
absorbing enough light energy to be useful in high-speed, light activation
manufacturing, as well as being able to receive plating of a metal in well-
defined circuit patterns.

A wide range of polymer binders suitable for use in the
embodiments of the invention include polyimide, epoxy resiﬁs, silica filled
epoxy, bismaleimide resins, bismaleimide triazines, fluoropolymers,
polyesters, polyphenylene oxide/polyphenylene ether resins,
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polybutadiene/polyisoprene crosslinkable resins (and copolymers), liquid
crystal polymers, polyamides, cyanate esters, or combinations thereof.
The polymer binders may include an inorganic filler, for example, silica or
alumina. A wide range of polymer binders was found to be particularly
useful in the preparation of the polymer compositions and composites.

Useful organic solvents for the preparation of the polymer binders
of the invention should be capable of dissolving the polymer binders. A
suitable solvent should also have a suitable boiling point, for example,
below 225°C, so the polymer solution can be dried at moderate (i.e., more
convenient and less costly) temperatures. A boiling point of less than 210,
205, 200, 195, 190, 180, 170, 160, 150, 140, 130, 120 and 110°C is
suitable.

As described above, suitable polymer binders for use in the
embodiments of the invention include polyimide, epoxy resins, silica filled
epoxy, bismaleimide triazine (BT), fluoropolymers, polyesters,
polyphenylene oxide/polyphenylene ether resins,
polybutadiene/polyisoprene crosslinkable resins (and copolymers), liquid
crystal polymers, polyamides, and cyanate esters.

Epoxy resins are thermoplastic materials which can be cured to a
thermoset polymer. Major resin types include diglycidyl ethers of
bisphenol A, novolacs, peracid resins, and hydantoin resins, among
others. There are many epoxy resin suppliers in the world and the most
recognizable trade names include Araldite, DER, Epi-Cure, Epi-Res,
Epikote, Epon, Epotuf, each of which provide a wide range of properties
depending on the formulation and processing. Additional components
may also be added to an epoxy resin and curing agent formulation. These
components include, but are not limited to, diluents, resinous modifiers to
affect flexibility, toughness or peel strength, adhesion fillers, colorants,
dyes, rheological additives, and flame retardants.

In one embodiment, the polymer binder may include an epoxy
resin. Examples of suitable epoxy resins, include, but are not limited to,
glycidyl ether type epoxy resin, glycidyl ester resin and glycidylamine type

21



10

15

20

25

30

WO 2007/079156 PCT/US2006/049453

epoxy resin. In addition, any silica or alumina-filled epoxies are also
suitable.

Examples of suitable glycidyl ether type epoxy resins include, but
are not limited to: bisphenol A type, bisphenol F type, brominated
bisphenol A type, hydrogenated bisphenol A type, bisphenol S type,
bisphenol AF type, biphenyl type, naphthalene type, fluorene type, phenol
novolac type, cresol novolac type, DPP novolac type, trifunctional type,
tris(hydroxyphenyl)methane type, and tetraphenylolethane type epoxy
resins.

Examples of suitable glycidyl ester type epoxy resins include, but
are not limited to: hexahydrophthalate type and phthalate type epoxy.
resins.

Examples of suitable glycidylamine type epoxy resins include, but
are not limited to: tetraglycidyldiaminodiphenylmethane, triglycidyl
isocyanurate, hydantoin type, 1,3-bis(N,N-diglycidylaminomethy!)
cyclohexane, aminophenol type, aniline type, and toluidine type epoxy
resins.

In one embodiment, the polymer binder may include a polyester.
Examples of suitable polyesters include, but are not limited to:
polyethylene terephthalate, polybutylene terephthalate, A
poly(trimethylene)terephthalate, etc., poly(e-caprolactone), polycarbonate,
poly(ethylene-2,6-naphthalate), poly(glycolic acid), poly(4-hydroxy benzoic
acid)-co-poly(ethyleneterephthalate) (PHBA), and poly(hydroxybutyrate).

In another embodiment, the polymer binder may include a
polyamide. Examples of suitable aliphatic polyamides include, but are not
limited to: nylon 6, nylon 6,6, nylon 6,10 and nylon 6,12, nylon 3, nylon
4.6 and copolymers thereof are useful with this invention. Examples of
aliphatic aromatic polyamides include, but are not limited to, nylon 6T (or
nylon 6(3)T), nylon 10T and copolymers thereof, nylon 11, nylon 12 and
nylon MXD6 are also suitable for use with this invention. Examples of
aromatic polyamides include, but are not limited to, poly(p-phenylene
terephthalamide), poly(p-benzamide), and poly(m-phenylene
isophthalamide) are also suitable for use with this invention.
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In another embodiment, the polymer binder may include a

fluoropolymer. The term fluoropolymer is intended to mean any polymer

having at least one, if not more, fluorine atoms contained within the

repeating unit of the polymer structure. The term fluoropolymer, or

fluoropolymer component, is also intended to mean a fluoropolymer resin

(i.e. a fluoro-resin). Commonly, fluoropolymers are polymeric material
containing fluorine atoms covalently bonded to, or with, the repeating
molecule of the polymer. Suitable fluoropolymer components include, but
are not limited to:

1.

“PFA”, a poly(tetrafluoroethylene-co-perfluorofalky! viny!
ether]), including variations or derivatives thereof, having the
following moiety representing at least 50, 60, 70, 80, 85, 90,
95, 96, 97, 98, 99 or about 100 weight percent of the entire

polymer:
_‘[' (CFZ - CFZ)x - (CFZ‘ (fF )y }—

o

|
Ry

where Ry is C,F2, +1, Where n can be any natural number
equal to or greater than 1 including up to 20 or more,
typically n is equal to 1 to three, where x and y are mole
fractions, where x is in a range from 0.95 to 0.99, typically
0.97, and where y is in a range from 0.01 to 0.05, typically
0.03, and where the melt flow rate, described in ASTM D
1238, is in a range of from 1 to 100 (g/10 min.), preferably 1
to 50 (g9/10 min.), more preferably, 2 to 30 (g/10 min.), and
most preferably 5 to 25 (g/10 min.).

“FEP”, a poly(tetrafluoroethylene-co-hexafluoropropylene)
[a.k.a. poly(tetrafluoroethylene-co-hexafluoropropylene)
copolymer], derived in whole or in part from
tetrafluoroethylene and hexafluoropropylene, including
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variations or derivatives thereof, having the following moiety
representing at least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98,
99 or about 100 weight percent of the entire polymer:

—[' (CF;2-CFy)y - (CF,- ?F)y%

CF;
where x and y are mole fractions, where x is in a range from

0.85 to 0.95, typically 0.92, and where y is in a range from
0.05 to 0.15, typically 0.08, and where the melt flow rate,
described in ASTM D 1238, is in a range of from 1 to 100
(9/10 min.), preferably 1 to 50 (g/10 min.), more preferably, 2
to 30 (g/10 min.), and most preferably 5 to 25 (g/10 min.).
The FEP copolymer can be derived directly or indirectly
from: (i.) 60, 55, 60, 65, 70 or 75 percent to about 75, 80, 85,
90 or 95 percent tetrafluoroethylene; and (ii.) 5, 10, 15, 20, or
25 percent to about 25, 30, 35, 40, 45 or 50 percent
(generally 7 to 27 percent) hexafluoropropylene. Such FEP
copolymers are well known and are described in U.S. Patent
Nos. 2,833,686 and 2,946,763.

. “PTFE", a polytetrafluoroethylene, including variations or

derivatives thereof, derived in whole or in part from
tetrafluoroethylene and having the following moiety
representing at least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98,
99 or about 100 weight percent of the entire polymer:
where x is equal to any natural number between 50 and
500,000.

. “ETFE", a poly(ethylene-co-tetrafluoroethylene), including

variations or derivatives thereof, derived in whole or in part
from ethylene and tetrafluoroethylene and having the
following moiety representing at least 50, 60, 70, 80, 85, 90,
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95, 96, 97, 98, 99, or about 100 weight percent of the entire
polymer:

| cHy-cay, -(cr,-Cr, |-

where x and y are mole fractions, where x is in a range from
0.40 to 0.60, typically 0.50, and where y is in a range from
0.40 to 0.60, typically 0.50, and where the melt flow rate,
described in ASTM D 1238, is in a range of from 1 to 100
(9/10 min.), preferably 1 to 50 (g/10 min.), more preferably, 2
to 30 (g/10 min.), and most preferably 5 to 25 (g/10 min.).

Advantageous characteristics of fluoropolymer resins include high-

temperature stability, resistance to chemical attack, advantageous

electrical properties (high-frequency properties in particular) low friction

properties, and low tackiness. Other potentially useful fluoropolymer

resins include the following:

N

I

chlorotriﬂuoroethylene polymer (CTFE);
tetrafluoroethylene chlorotrifluoroethylene copolymer
(TFE/CTFE); |

ethylene chlorotrifluoroethylene copolymer (ECTFE),
polyvinylidene fluoride (PVDF);

polyvinylfluoride (PVF); and

Teflon® AF (sold by E.I. du Pont de Nemours & Co.).

In yet another embodiment, the polymer binder may include a liquid

crystal polymer or thermotropic liquid crystal polymer. Liquid crystal

polymers generally include a fusible or melt processible polyamide or

polyester. Liquid crystal polymers also include, but are not limited to,

polyesteramides, polyesterimides, and polyazomethines. Suitable liquid
crystal polymers are described by Jackson et al. in U.S. Patent Nos.
4,169,933, 4,242 496 and 4,238,600, as well as in "Liquid Crystal
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Polymers VI: Liquid Crystalline Polyesters of Substituted Hydroguinones.”
The term "thermotropic” means a polymer that when tested by the TOT
test as described in U.S. Patent No. 4,075,262 transmits light through
crossed polarizers and is thus considered to form an anisotropic melt.
Suitable liquid crystal polymers are described, for example in U.S. Patent
Nos. 3,991,013; 3,991,014; 4,011,199; 4,048,148; 4,075,262; 4,083,829;
4,118,372; 4,122,070; 4,130,545; 4,153,779, 4,159,365; 4,161,470;
4,169,933; 4,184,996; 4,189,549; 4,219,461; 4,232,143, 4,232,144,
4,245,082; 4,256,624; 4,269,965; 4,272,625; 4,370,466, 4,383,105;
4,447 592; 4,5622,974; 4,617,369; 4,664,972; 4,684,712, 4,727,129;
4,727,131; 4,728,714, 4,749,769, 4,762,907, 4,778,927, 4,816,555;
4,849,499; 4,851,496; 4,851,497, 4,857,626, 4,864,013, 4,868,278;
4,882,410; 4,923,947, 4,999,416; 5,015,721; 5,015,722; 5,025,082,
5,1086,158; 5,102,935; 5,110,896 and U.S. Patent No. 5,143,956; and
European Patent Application 356,226. Commercial examples of liquid
crystal polymers include the aromatic polyesters or poly(ester-amides)
sold under the trademarks Zenite® (DuPont), VECTRA® (Hoechst), and
XYDAR® (Amoco).

In another embodiment, the polymer binders of the present
invention may include a cyanate ester. An example of a suitable cyanate
ester includes, but is not limited to, dicyanobisphenol A and 4,4'-isopropy!|
bis(phenyl cyanate). Modification of this basic structure can be used to
provide various engineering properties, including but not limited to
toughness, rigidity, and elevated glass transition temperature. Upon
heating these monomers, prepolymers are obtained, which are typically
triazine resins. Upon further heating highly crosslinked polycyanurate is
formed with a glass transition temperature in the 240 - 290°C range. The
resins may be used by themselves or in blends with epoxy. For certain
electronic applications, at least three polymers based on cyanate esters
are used: a cyanate ester homopolymer, a copolymer of cyanate ester
with bismaleimide (known as a bismaleimide triazine (BT) resin), and
bismaleimide.
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The polymer binders of the present invention, when dissolved in a
suitable solvent to form a polymer binder solution (and/or casting solution),
may also contain one or more additives. These additives include, but are
not limited to, processing aids, antioxidants, light stabilizers, light
extinction coefficient modifiers, flame retardant additives, anti-static
agents, heat stabilizers, ultraviolet light absorbing agents, inorganic fillers,
for example, silicon oxides, adhesion promoters, reinforcing agents, and a
surfactant or dispersing agent, and combinations thereof.

The polymer solution can be cast or applied onto a support, for
example, an endless belt or rotating drum, to form a film layer. The
solvent-containing film layer can be converted into a self-supporting film by
baking at an appropriate temperature (which may be thermal curing) or
simply by drying (or partial drying known as “B-stage”) which produces a
substantially dry film. Substantially dry film, as used herein, is a defined
as a film with less than 2, 1.5, 1.0, 0.5, 0.1, 0.05, or 0.01 weight-percent
volatile (e.g., solvent or water) remaining in the polymer composite. In
addition, thermoplastic polymer compositions, having the spinel crystal
filler dispersed therein, can be extruded to form either a film or any other
pre-determined shaped article.

In one embodiment, a polymer film (polymer composite) is made
having a thickness of between (and optionally including) any two of the
following numbers: 1, 2, 3, 4, 5, 7, 8, 9, 10, 12, 14, 16, 18, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175 and 200
microns.

When the spinel crystal fillers are dispersed in a polymer binder, for
example, at a loading level of about 10 to about 30 weight percent, a
“visible-to-infrared light” extinction coefficient is measured to be, between
and including any two of the following numbers, 0.05, 0.06, 0.07, 0.08,
0.09, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 per micron.

Iin the embodiments of the invention, the spinel crystal fillers
described allow for good metal-ion deposition onto an already light-
activated pathway (formed in a relatively short period via a laser beam). In
addition, the spinel crystal fillers provide a visible-to-infrared light

27



WO 2007/079156 PCT/US2006/049453

10

15

20

25

30

extinction coefficient to the composite that provides functionality in high-
speed light activation process (i.e., ‘light activation’ is performed easily
with relatively low levels of light).

In accordance with the invention, the polymer binder is chosen to
provide important physical properties to the composition and polymer
composite. Beneficial properties include, but are not limited to, good
adhesiveness (i.e., metal adhesion or adhesionto a metal), high and/or
low modulus (depending upon the application), high mechanical
elongation, a low coefficient of humidity expansion (CHE), and high tensile
strength.

As with the polymer binder, the spinel crystal filler can also be
specifically selected to provide a polymer composite having a well-defined
light-activated pathway after intense light-energy has been applied. For
example, a well-defined light-activated pathway can more easily produce
well-defined circuit metal traces after the light-activated material is
submerged in an electroless-plating bath. Metal is typically deposited onto
the light-activated portion of the surface of the polymer composite via an
electroless-plating step.

In one embodiment, the polymer compositions of the invention are
used to form a multi-layer (at least two or more layers) polymer composite.
The multi-layer polymer composite can be used as at least a portion of a
printed circuit board (“PCB"), chip scale package, wafer scale package,
high density interconnect board (HDI), module, "LGA" Land grid array,
"éOP" (System-on Package) Module, "QFN" Quad Flat package-No
Leads, "FC-QFN" Flip Chip Quad Flat package-No leads, or other similar-
type electronic substrate. Printed circuit boards (either covered with, or
incorporating therein, the polymer composites) may be single sided,
double sided, may be incorporated into a stack, or a cable (i.e. a flexible
circuit cable). Stacks can include several individual circuits to form what is
commonly referred to as a multi-layer board. Any of these types of circuits
may be used in a solely flexible or rigid circuit or, or may be combined to

form a rigid/flex or flex/rigid printed wiring board or cable.
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In the case of a three-layer polymer composite, the spinel crystal
filler can be in the outer layers, the inner layer, in at least two-layers, or in
all three layers. In addition, the concentration (or loading) of the spinel
crystal filler can be different or the same in each individual layer,
depending on the final properties desired.

In one embodiment, electromagnetic radiation (i.e., light-energy via
a laser beam) is applied to the surface of the polymer composite. In one
embodiment, a polymer film or composite can be light activated using a
commercially available, Esko-Graphics Cyrel® Digital Imager (CDI). The
imager can be operated in a continuous wave mode or can be operated in
a pulse mode. The purpose of applying this energy, on a particular
predetermined portion of the film, is to light-activate the film surface. As
defined herein, the term light-activated is defined as a portion of a surface
on a polymer composite, wherein a metal ion can bond to the surface in a
manner capable of forming a metal circuit trace. i only a small amount of
metal is electroless plated onto the light activated portion of a surface of
the film, and is thereby rendered incapable of forming an electrically
conductive pathway, the film may not be considered as ‘light-activatable’
for purposes herein.

A 50-watt Yttrium Aluminum Garnet (YAG) laser may be employed
to light activate the polymer composites. However, other types of lasers
can be used. In one embodiment, a YAG laser (e.g. Chicago Laser
Systems Model CLS-960-S Resistor Trimmer System) can be used to emit
energy between 1 and 100 watts, ranging at about 355, 532 or 1064nm
wavelengths light. Generally, the wavelength of the laser light useful to
light-activate a portion of the surface of a polymer composite can range
from a wavelength between and including any two of the following
numbers 200nm, 355nm, 532nm, 1064nm, or 3000nm.

Generally, a laser beam can be modulated using an acousto-optic
modulator/splitter/attenuator device (AOM) and can produce up to 23
watts in a single beam. The polymer composites can be held in place by
vacuum, or by adhesive (or both), on the outer surface of a drum or metal
plate. A drum-type assembly can rotate the film at speeds ranging from 1
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to)2000 revolutions per minute in order to reduce production time. Spot
size (or beam diameter) of the laser beam can be at a focus distance of
from between, and including, any two of the following numbers, 1, 2, 4, 6,
8, 10, 15, 20 or 25 microns, typically 18 or 12 microns. Average
exposures (e.g. energy dose) can be from between, and including, any
two of the following numbers 0.1, 0.5, 1.0, 2, 4, 6, 8, 10, 15 or 20 J/cm?. In
the examples, at least 4 and 8 J/cm? were used.

A digital pattern of a printed circuit board, known as an image file,
can be used to direct light to desired portions (i.e., locations) on the
surface of a polymer composite. Software may be used to store
information regarding the location of lines, spaces, curves, pads, holes,
and other information such as pad diameter, pad pitch, and hole diameter.
This data may be stored in digital memory that is readily accessible to
AOM electronic devices.

The movement of the laser light may be controlled by a computer
and is directed in an organized, predetermined, pixel-by-pixel (or line-by-
line) manner across a panel or composite surface. The fine features, e.g.,
less than 100, 75, 50 or 25 microns in line width, of a circuit pattern are
inscribed on a surface of the polymer composite. A combination of light
sources, scanning, beam modulation, digital pattern transfer, and
mechanical conditions stated above, may all be used to provide the
desired particular circuit pattern.

In one embodiment, metal is subsequently applied to the light-
activated portions of the polymer composites. For these polymer
composites, metal can be plated onto a surface using an ‘electroless’
plating bath in an electroless-plating step. The plating baths may include
a copper ion source, a reducing agent, an oxidizing agent, and a chelating
agent, in addition to trace amounts of other additives.

Variables that can control the speed and quality in which a plating
bath can plate metal onto a surface of a film include, but are not limited to
the temperature of the plating bath, the amount of surface to be plated, the
chemical balance of the solution (e.g., replenishing the plating solution
with a substance that has been consumed), and the degree of mechanical
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agitation. The temperature range of a plating bath can be controlled at a
temperature between room temperature and about 70 to 80°C. The
temperature can be adjusted according to the type, and amount, of
chelating agent (and other additives) used.

. Digitally imaged circuits can be electroless copper plated by using a
single-step or two-step process. First, the polymer compositions or
composites of the present invention are digitally imaged by a light
activation step. Light activation debris, or miscellaneous particles, can be
removed by mechanical brushing, air or ultra-sonification in order for a
clean electroless copper-plating step to begin. After these initial steps
have been taken, the light-activated polymer compositions or composites
can be submerged into an electroless copper-plating bath at a plating rate
of approximately >3 microns/hour.

The advantages of the present invention are illustrated in the
following non-limiting Examples. The processing and test procedures
used in the preparation and testing of the composites containing the
polymer binders and spinel crystal fillers are described below.

EXAMPLES

The following examples were prepared from a polymer binder
blended with a dispersion of the below mentioned spinel crystal filler.

EXAMPLE 1

A metal oxide slurry was prepared by first, dissolving 25 grams of
dispersant Disperbyk-192 (a copolymer with pigment affinic groups made
by BYK-Chemie GmbH) in 247.5 grams of acetone in a Netzsch
commercially available media mill. The solvent was stirred at 1000 rpms.
250 grams of fine copper chromite spinel, CuCr.0O4 powders (Shepherd
Black 20C980) was added and allowed to mix for about 30 minutes. After
the above milling process, the mean primary particle size in the slurry was
measured to be 0.664 microns. This is slurry is used in the following
sample preparations.
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Sample A: A 10 weight % filled epoxy composition was prepared by
dissolving 7.20 grams of Dyhard™ 100SF (used as hardener, a
Cyanoguanidine with anticaking agent from Degussa AG) and 10.80
grams of Dyhard™ URS500 (used as accelerator, a Carbamide compound
from Degussa AG) in 162.00 grams of Epon™ 862 (a Bisphenol-
F/Epichlorohydrin epoxy resin from Resolution Performance Products,
LLP). The composition of Dyhard™ URS500 consists of >80% N,N”- (4 -
methyl-m-phenylene) bis (N’,N’-dimethylurea). After the attainment of a
homogeneous and viscous organic medium, 20 grams of the pre-
dispersed copper chromite spinel powder slurry was added, and mixed
thoroughly by hand or with a commercially available mixer. The above
composition was further processed on a three-roll mill to achieve a paste
of consistent viscosity and dispersion. The viscosity for this composition
was approximately 30 - 100 Pa.S measured on a Brookfield HBT
viscometer using a #5 spindle at 10 rpm and 25°C.

Sample B: A 10 weight % spinel filled epoxy composition was
prepared by dissolving 7.12 grams of Dyhard™ 100SF (used as hardener,
a Cyanoguanidine with anticaking agent from Degussa AG) and 10.68
grams of Dyhard™ URS500 (used as accelerator, a Carbamide compound
from Degussa AG) in 160.2 grams of Epon™ 862 (a Bisphenol-
F/Epichlorohydrin epoxy resin from Resolution Performance Products,
LLP). The composition of Dyhard™ UR500 consisted of >80% N,N”- (4 -
methyl - m - phenylene) bis (N',N’ - dimethylurea). After the attainment of
a homogeneous and viscous organic medium, 20 grams of the pre-
dispersed copper chromite spinel powder slurry and 2 grams of soya
lecithin (a surfactant from Central Soya Inc.) was added, and mixed
thoroughly by hand or a commercially available mixer. The above
composition was further processed on a three-roll mill to achieve a paste
of consistent viscosity and dispersion. The viscosity for this composition
was approximately 30 - 100 Pa.S measured on a Brookfield HBT

viscometer using a #5 spindle at 10 rpm and 25°C.
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Sample C: A 10 weight % filled epoxy composition was prepared by
using the above ingredients: Dyhard™ 100SF, Dyhard™ URS500, Epon™
862, and pre-dispersed copper chromite spinel slurry. The surfactant was
changed to a phosphate ester (RE-610 from Rhone Poulenc Inc) at the
amount of, respectively, 7.12 grams, 10.68 grams, 160.2 grams, 20
grams, and 2 grams.

Sample D: A 10 weight % filled epoxy composition was prepared by
using the above ingredients: Dyhard™ 100SF, Dyhard™ URS00, Epon™
862, and pre-dispersed copper chromite spinel slurry. The surfactant was
changed to a defoamer, 2-heptanone (from Eastman Chemicals) in the
amount of 7.12 grams, 10.68 grams, 160.2 grams, 20 grams, and 2
grams, respectively.

Sample E: Following the above procedure, a 5 weight % filled
composition was prepared by using the above ingredients of Dyhard™
100SF, Dyhard™ UR500, Epon™ 862, pre-dispersed copper chromite
spinel slurry, and soy lecithin in the amounts of 7.52 grams, 11.28 grams,
169.2 grams, 10 grams, and 2 grams, respectively.

Sample F: A 20 weight % filled epoxy composition was prepared by
using the above ingredients of Dyhard™ 100SF, Dyhard™ UR500, Epon™
862, pre-dispersed copper chromite spinel slurry, and soy lecithin in the
amounts of 6.32 grams, 9.48 grams, 142.2 grams, 40 grams, and 2 grams,
respectively.

Sample G: A 30 weight % filled epoxy composition was prepared by
using the above ingredients of Dyhard™ 100SF, Dyhard™ UR500, Epon™
862, pre-dispersed copper chromite spinel slurry, and soy lecithin in the
amounts of 5.52 grams, 8.28 grams, 124.2 grams, 60 grams, and 2 grams,
respectively.

The above roll-milled paste compositions were separately coated
by a doctor blade on a 5-mil thick Kapton® polyimide carrier film to
achieve a uniform thickness in the range of 2.5 to 3.0 mils without
pinholes, bubbles, or other visible defects. These thicker sample films
were for DC imaging work. A separate set of thinner coating films was

also prepared in the range of 0.5 to 2.0 mils with doctor blade for the
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optical density (OD) measurement whose data are used to calculate the
extinction coefficient for this series of CuCr,04 spinel filled epoxy samples.
After settling for 10 minutes, the coated samples were heated for 1 hour at
150°C to complete the curing of the epoxy medium.

The data is summarized in TABLE 1 below.
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TABLE 1
Example #1|Spinel Filled Filler Film Absorption | Plateability
Epoxy loading Thickness | coefficient | (Y=yes)
(weight- (microns) (alpha)
percent)
Sample
1A CuCrz04 10 13.8 0.1218 Y
2A CuCrz204 10 19 0.1357 Y
3A CuCr;04 10 144 .4 0.0616 Y
4B CuCrz04 10 10.6 0.1694 Y
5B CuCra04 10 45.2 0.1167 Y
6B CuCr204 10 47 0.1053 Y
7C CuCr204 10 13.8 0.1268 Y
8C CuCr;04 10 12.4 0.143 Y
oC CuCr204 10 41.2 0.1269 Y
10D CuCrz04 10 55.6 0.1015 Y
ME CuCr204 5 14.8 0.0731 Y
12E CuCr204 5 32.6 0.0509 Y
13E CuCrz04 5 46.2 0.0493 Y
14F CuCrz04 20 15.4 0.2153 Y
13E CuCr204 5 46.2 0.0493 Y
14F CuCr04 20 15.4 0.2153 Y
15F CuCr204 20 43.6 0.2039 Y
16G CuCr204 30 21.1 0.3416 Y
17G CuCr204 30 12.7 0.3699 Y
18G CuCr204 30 16.3 0.3221 Y

When using a DuPont Cyrel Digital Imager, the laser imageability

and copper plateability are summarized below for Samples A-G at any

thickness.
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Samples Eneray Dosage (J/cm?)
2 4 6 8 10

A faint good good good good
B faint good good good good
C no faint good good good
D faint good good good good
E faint good good good good
F good good good good good
. G good good good good good

It is to be understood that although the above examples employ
one type of epoxy resin, the example is exemplary only. The epoxy resin
used represents a vast family of various epoxy resins.

EXAMPLE 2

A metal oxide slurry was prepared by dissolving 25 grams of
dispersant Disperbyk-192 (a copolymer with pigment affinic groups made
by BYK-Chemie GmbH) in 247.5 grams of acetone in a Netzsch
commercially available media mill. The solvent was stirred at 1000 rpms.
250 grams of fine copper chromite spinel, CuCr,O4 powders (Shepherd
Black 20C980) was added and allowed to mix for about 30 minutes. After
the above milling process, the mean primary particle size in the slurry was
measured to be 0.664 microns. This slurry is the slurry used in the
following sample preparations.

Bismaleimide/triazine (BT) resins are reaction products of
Bismaleimide and dicyanobisphenol A leading to structures containing
triazine and diazine rings. These are sold as BT resins by Mitsubishi
Chemical and are classified as a cyanate ester. BT has a Tg of about
195°C and can provide an operating temperature of about 160°C. The BT
resin solution acquired for this DC study is consisted of 70 weight % resin
and 30 weight % Methyl Ethyl Ketone (MEK) as solvent.

In order to raise the viscosity of the BT resin solution, MEK was
evaporated in a fume hood with magnetic stirring at room temperature.
The choice of room temperature evaporation was to assure no undesirable
thermal effect to change the physical and chemical nature of the BT resin
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in the as-received solution. A 20.5 hour evaporation removed 7.03 weight
% MEK to provide a 75.29 weight % BT resin solution. This process was
found to increase the viscosity of BT resin solution to obtain a filled BT of
adequate viscosity for more acceptable coating for digital circuitry imaging.

Three compositions, H, |, and J, were made to provide §, 10, and
20 weight % CuCr.0, spinel in BT resin. The actual amounts were
calculated with the needed BT resin quantity after deducting the volatile
MEK solvent which should be nearly completely removed after the
subsequent step of solvent drying at 80°C. CuCr20, spinel powders were
easily dispersed in the BT resin solution and suitable methods for mixing
inorganic materials with organic binder solutions were used. Due to the
high volatility of the solvent MEK used in the BT resin solution, however,
the dispersion apparatus/method should provide full or semi-enclosure of
the treated materials to minimize the loss of MEK which will raise the
overall viscosity and/or form surface skin. Specific sample preparation
procedures are described below.

Sample H: 50 grams of 5 weight % CuCr204 spinel in BT resin
composition was prepared by mixing 2.50 grams of the above CuCr.0,
spinel powder slurry in 63.09 grams of the previously concentrated BT
resin solution (with 75.29 weight % BT resin in MEK). Although the total
amount of the added ingredients was 65.59 grams, after discounting the
volatile MEK solvent, the remaining CuCr,0O, spinel and BT resin yielded
the specified quantity of 50 grams.

Sample I: 50 grams of 10 weight % CuCr;O4 spinel in BT resin
composition was prepared by mixing 5.00 grams of the above CuCr204
spinel powder slurry in §9.77 grams of the previously concentrated BT
resin solution (with 75.29 weight % BT resin in MEK). Although the total
amount of the added ingredients was 64.77 grams, after discounting the
volatile MEK solvent, the remaining CuCr,04 spinel and BT resin yielded
the specified quantity of 50 grams.

Sample J: 50 grams of 20 weight % CuCr.O, spinel in BT resin
composition was prepared by mixing 10.00 grams of the above CuCr20,
spinel powder slurry in 53.13 grams of the previously concentrated BT
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resin solution (with 75.29 weight % BT resin in MEK). Although the total
amount of the added ingredients was 63.13 grams, after discounting the
volatile MEK solvent, the remaining CuCr,O,4 spinel slurry and BT resin
yielded the specified quantity of 50 grams.

A parallel group of three compositions, K, L and M, were also
prepared to provide 5, 20, and 30 weight % CuCr.04 spinel in BT resin
with the addition of 1 weight % soya lecithin as a surfactant. The actual
amounts were calculated with the needed BT resin quantity after
deducting the volatile MEK solvent which should be nearly completely
removed after the subsequent step of solvent drying at 80 degrees C. To
maintain the desired weight % of CuCr.04 spinel, the soya lecithin
surfactant was added at the expense of the BT resin. Specific sample
preparation procedures are described below.

Sample K: 50 grams of 5 weight % CuCr.0O4 spinel in BT resin
composition was prepared by mixing 2.50 grams of the above CuCr204
spinel powder slurry in 62.42 grams of the previously concentrated BT
resin solution (with 75.29 weight % BT resin in MEK) and 0.5 grams of
soya lecithin as surfactant. Although the total amount of the added
ingredients was 65.42 grams, after discounting the volatile MEK solvent,
the remaining CuCr,Q4 spinel and BT resin yielded the specified quantity
of 50 grams.

Sample L: 50 grams of 20 weight % CuCr,04 spinel in BT resin
composition was prepared by mixing 10.00 grams of the above CuCr204
spinel powder slurry in 52.46 grams of the previously concentrated BT
resin solution (with 75.29 weight % BT resin in MEK) and 0.5 grams of
soya lecithin as surfactant. Although the total amount of the added
ingredients was 62.96 grams, after discounting the volatile MEK solvent,
the remaining CuCr.0, spinei and BT resin yield the specified quantity of
50 grams.

Sample M: 50 grams of 30 weight % CuCr2O, spinel in BT resin
composition was prepared by mixing 15.00 grams of the above CuCr;04
spinel powder slurry in 45.82 grams of the previously concentrated BT
resin solution (with 75.29 weight % BT resin in MEK) and 0.5 grams of
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soya lecithin as surfactant. Although the total amount of the added
ingredients was 61.32 grams, after discounting the volatile MEK solvent,
the remaining CuCr,0, spinel and BT resin yield the specified quantity of
50 grams. .

For DC imaging work, a one millimeter thick copper foil was used
as a carrier layer. The above H to M compositions were separately coated
by a doctor blade to achieve a uniform thickness in the range of 2.5 to 3.0
mils Without pinholes, bubbles, or other visible defects. After settling for
10 minutes, the coated samples were heated for 1 hour at 80°C to
evaporate the MEK solvent contained in the BT resin solution, followed by
a 90 minute curing at 200°C of the BT resin as recommended by the
manufacturer.

A separate set of thinner coating films were also prepared in the
range of 0.5 to 2.0 mils on a 5-mil thick Kapton® polyimide carrier film with
doctor blade for the optical density (OD) measurement whose data are
used to calculate the extinction coefficient for this series of CuCr204 spinel
filed BT samples.

The data for the spinel-filled BT resin is summarized in Table 2
below.
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TABLE 2
Example Spinel Filler Film Absorption | Plateability
#2 Filled BT loading | Thickness | coefficient | (Y=yes,
resin (weight- | (microns) (alpha) N=no)
percent)
Sample
19H CuCr20, 5 28.2 0.0282 N
201 CuCrz0,4 10 21.4 0.0533 Y
21J CuCr204 20 20 0.082 Y
22K CuCr204 5 27.4 0.0295 N
23L CuCr204 20 244 0.0904 Y
24M  |CuCr204 30 25.3 0.1233 Y
25M CuCry04 30 27.8 0.1224 Y

For Table 1 and Table 2, assuming no light scattering, Iy = lo*e™ 9; T = I,/l,
= 10¢9D) = gt¥™): 3 = . [LN(10(-OD)))/x; and OD = -LOG(T).
When using a DuPont Cyrel Digital Imager, the laser imageability

and copper plateability are summarized below for Samples |, J, L, and M
(Workable examples) and H, and K (Comparative examples).
Workable Examples

Energy Dosage (J/cm?)

Sample

4
| faint
J fair
L fair
M fair

6
faint
fair

good good
good good

Comparative Examples

8 10
good
good

Energy Dosage (J/cm?)

Sample

‘ 4
H no
K no

6
no

no

8 10
no no
no no
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EXAMPLE 26 }
A metal oxide slurry was prepared by first adding 13.09L of

dimethyl acetamide (DMACc) to a Kady® Mill commercially available kinetic
dispersion mixer. The solvent was stirred at 1000 rpms. A 10 weight-
percent polyamic acid solution, dissolved in DMAc, was then added to the
mill to aid in ultimately stabilizing the filler dispersion. Finally, 499.62g of
fine (CuFe)(CrFe)204 powder (PK 3095 from Ferro Co. GmBh) was added
and allowed to mix for about 30 minutes.

0.81 gallons of the above slurry was then well dispersed, and
uniformly mixed, using a Greerco® mixer, into 5.19 gallons of 17 weight-
percent polyamic acid solution dissolved in DMAc.

After thorough mixing of the filler dispersion in the polyamip acid
polymer, the viscosity of the mixed polymer was raised to about 1000
poise by adding an additional amount of pyromellitic dianhydride
(dissolved in a 6 weight-percent solution).

Next, a thin sheet of mixed polymer (containing spinel crystal filler)
was cast onto a 316 stainless belt to form a wet film. The thickness of the
wet film was adjusted in order to obtain a dry film thickness of about a 2
mil (50 microns).

The metal belt was heated in an oven and ramped from 90°C to
140°C over about 15 minutes. The film was peeled from the belt and
pinned on a tenter frame (a thermal-processing oven) where the edges of
the film were bound.

Then, the tentered film was further heated to dry (>99% solids) and
imidize the film by transporting it through a drying oven which was ramped
from 200°C to in excess of 350C over a ~30 minute period. This final thin
film contained approximately 3 percent by weight (CuFe)(CrFe)>04 powder
(PK 3095 from Ferro Co. GmBh) in polyimide.

EXAMPLE 27
A metal oxide slurry was prepared by first adding 13.09L of
dimethy! acetamide (DMACc) to a Kady® Mill kinetic dispersion mixer. The
solvent was stirred at 1000 rpms. A 10 weight-percent polyamic acid

41



WO 2007/079156 PCT/US2006/049453

10

15

20

25

30

solution in DMAc, was then added to the mill to aid in the-dispersion of the
filler. The viscosity of the polymer was 100 poise prior to mixing and 29.78
kg of the polyamic acid solution was used. Finally, 499.62g of fine
(CuFe){CrFe),04 powder (PK 3095 from Ferro Co. GmBh) was added and
allowed to mix for about 30 minutes.

A talc élurry was then prepared by adding 4.07L of dimethyl
acetamide (DMAc) and 386 g of talc. The slurry was added to the Kady®
Mill. The dispersion was stirred at 1000 rpms. A 10 weight-percent
polyamic acid solution in DMAc was then added to the beaker to aid in the
dispersion of the filler. The viscosity of the polymer was 100 poise prior to
mixing. In this case, 9.27 kg of the polyamic acid solution was used.

1.17 gallons of the above metal oxide slurry was combined and
uniformly mixed, using a Greerco® mixer, into 3.75 gallons of 17 weight-
percent polyamic acid solution dissolved in DMAc. The viscosity of this
polymer solution was also 100 poise prior to mixing with the slurry.

After thorough dispersion of the filler in the polyamic acid polymer,
the viscosity of the mixed polymer was raised to 1000 poise by adding an
additional amount of PMDA (dissolved in a 6 percent by weight solution).

Next, a thin sheet of mixed polymer was cast onto a 316 SS belt to
form a wet film. The thickness of the wet film was adjusted in order to
obtain a dry film thickness of about two mils (50 microns).

The metal belt was heated in an oven and ramped from 90°C to
140°C over ~15 minutes. The film was peeled from the belt and pinned on
a tenter frame where the edges of the film were bound.

Then, the film was further heated to dry (>99% solids) and imidize
the film by transporting it through a drying oven which was ramped from
200°C to in excess of 350C over a ~30 minute period.

This final thin film contained approximately 5 percent by weight
(CuFe)(CrFe)20,4 powder (PK 3095 from Ferro Co. GmBh) and 5 percent
by weight of talc powder in polyimide.
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Example | Spinel Crystal Filler Filler Film Infrared
# loading | Thickness Light
(weight-| (microns) | extinction
percent) coefficient
@1064 nm
wavelength
Examples
26 (CuFe)(CrFe)204 3 54.1 0.068
27 (CuFe)(CrFe)204 w/ 5 40.9 0.075
additional 5 weight-
percent talc

The polymer composites formed may be used to make circuits
having fine electrically conductive pathways. The fine electrically
conductive pathways may be formed using an electro-less metal plating
step. After light-activating the surface of the composite with a laser beam,
for example, the light activated portions are plated to form thin lines, or
pathways, on the surface of the polymer compositions or composites.

Without wishing to be held to any particular theory of the present
invention, at least in some embodiments of the present invention, it is
believed that the amplified light (e.g., laser) substantially, if not completely,
volatilizes away the polymeric continuous domain, leaving exposed the
discontinuous spinel crystal type domains. The heat treatment and
sudden exposure to ambient conditions (of the spinel crystals) caused by
the amplified light, appears to prepare the crystals to receive metallization
processing.

In the foregoing specification, the invention has been described with
reference to specific embodiments. However, one of ordinary skill in the
art appreciates that various modifications and changes can be made
without departing from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense and all such modifications are
intended to be included within the scope of invention.

Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. For example,
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advantages include the formation of fine line features, the simplification of
the manufacturing process of making circuits on boards as compared to a
lithographic process of forming copper patterns on substrates, the ability to
process reel-to-reel at the laser imaging step, in addition to the plating
step, as opposed to a panel-to-panel batch processing method. However,
the benefits, advantages, solutions to problems, and any element(s) that
may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
feature or element of any or all the claims.
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CLAIMS

What is claimed is:

1. An electronic substrate comprising:

A.

a polymer based layer comprising:

i one or more dielectric polymers in an amount in a
range of 40 - 97 weight-percent, based upon the total
weight of the polymer based layer,
and

ii. a non-conductive, non-activated crystalline filler
comprising a crystalline structure having a non-
homogeheous cation component and being present in
a range of 3 - 60 weight percent, based upon the total
weight of the polymer base layer; and

a conductive metal bonded to the polymer based layer along
an interface, the interface being devoid of any metallization
seed layer other than a continuous or discontinueous
network of activated filler, the network of activated filler being
orderly or disorderly, the activated filler being:

i. auto-catalytic and derived from said
unactivated filler by activation due to an
electromagnetic radiation having an energy
sufficient to drill or ablate the polymer based
layer;

ii. electrically conductive; and
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iii. located between and in contacting
relationship with both the polymer base layer
and the metal.

A substrate in accordance with Claim 1, wherein the one or more
polymers are selected from a group consisting of:

polyimides,

epoxy resins,

silica filled epoxies,

bismaleimide resins,

bismaleimide triazines,

fluoropolymers,

polyesters,

polyphenylene oxide/polyphenylene ether resins,
polybutadiene/polyisoprene crosslinkable resins, liquid crystal
polymérs,

polyamides,

cyanate esters, and

copolymers thereof,

wherein the conductive metal includes a circuitry pattern wholly or
partially embedded in the polymer based layer.

A substrate in accordance with Claim 2, wherein the conductive
metal also includes a conductive interconnect protruding through
the polymer based layer.

A substrate in accordance with Claim 1, wherein the substrate has
a visible-to-infrared light extinction coefficient between and
including 0.05 and 0.6 per micron and wherein the crystalline
particles comprise a first cationic component and a second cationic
component, the first cationic component having a valence higher
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10.

than the second catalytic component, the first and second cationic
components being present within the crystalline filler particles in a
ratio of 0.1-10:1 (first cationic component : second cationic
component).

A substrate in accordance with Claim 1, wherein the substrate has
an ultraviolet-to-visible-to-infrared light extinction coefficient
between and including 0.6 and 50 per micron.

A substrate in accordance with Claim 1, wherein the non-activated
crystal filler is represented by a chemical formula of AB2O4 or
BABO,, where A is a metal cation having a valence of 2 and is
selected from the group consisting of cadmium, zinc, copper,
cobalt, magnesium, tin, titanium, iron, aluminum, nickel,
manganese, chromium, and combinations of two or more of these,
and wherein B is a metal cation having a valence of 3 and is
selected from the group consisting of cadmium, manganese, nickel,
zinc, copper, cobalt, iron, magnesium, tin, titanium, aluminum,

chromium, and combinations of two or more of these.

A substrate in accordance with Claim 1, further comprising a matrix
of glass fiber.

A substrate accordance with Claim 7, wherein the substrate is a
prepreg.

A substrate in accordance with Claim 1, further comprising a
second layer bonded to the polymer based layer.

A substrate in accordance with Claim 9, wherein the second layer is
a metal foil.
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11. A substrate in accordance with Claim 10, wherein the polymer
based layer is laminated or coated to the metal foil.

12. A substrate in accordance with Claim 9, wherein the second layer is

5 a thermal conduction layer, a capacitor layer, and adhesive layer or
a dielectric layer.

48



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims

