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Three-Dimensional Nonwoven Substrate for Circuit Board

Technical Field

The present invention relates generally to a nonwoven substrate,
and specifically to a nonwoven substrate imparted with a three-
dimensional image, wherein the three-dimensional nonwoven substrate
is particularly suited as a support substrate for a PCB (Printed Circuit
Board) and similar applications.

Bac of the Invention

The production of conventional textile substrates for BCB and like
applications is known to be a complex, multi-step process. The
production of such substrates from staple fibers begins with the carding
process where the fibers are opened and aligned into a feedstock known
as sliver. Several strands of sliver are then drawn multiple times on a
drawing frames to further align the fibers, blend, improve uniformity as
well as reduce the sliver's diameter. The drawn sliver is then fed into a
roving frame to produce roving by further reducing its diameter as well
as imparting a slight false twist. The roving is then fed into the spinning
frame where it is spun into yarn. The yarns are next placed onto a
winder where they are transferred into larger packages. The yarn is then
ready to be used to create a fabric.

For a woven fabric, the yarns are designated for specific use as
warp or fill yarns. The fill yarns (which run on the y-axis and are known
as picks) are taken straight to the loom for weaving. The warp yarns
(which run on the x-axis and are known as ends) must be further
processed. The large packages of yarns are placed onto a warper frame
and are wound onto a section beam were they are aligned parallel to
each other. The section beam is then fed into a slasher where a size is
applied to the yarns to make them stiffer and more abrasion resistant,

|
which is required to withstand the weaving process. The yarns are

-
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wound onto a loom beam as they exit the slasher, which is then mounted
onto the back of the loom. The warp yarns are threaded through the
needles of the loom, which raises and lowers the individual yarns as the
filling yarns are interested perpendicular in an interlacing pattern thus
weaving the yarns into [a fabric. Once the fabric has been woven, it is
necessary for it to go ﬂq}ough a scouring process to remove the size from
the warp yarns before it can be dyed or finished. Currently, commercial
high-speed looms operate at a speed of 1000 to 1500 picks per minute,
where a pick is the insertion of the filling yarn across the entire width of
the fabric. Sheeting and bedding fabrics are typically counts of 80x80 to
200x200, being the ends per inch and picks per inch, respectively. The
speed of weaving is determined by how quickly the filling yarns are
interlaced into the warp yarns; therefore looms creating bedding fabrics
are generally capable of production speeds of 5 inches to 18.75 inches per
minute.

In contrast, the production of nonwoven fabrics from staple fibers
and/or filaments is known to be more efficient than traditional textile
Pprocesses as the fabrics are produced directly from the carding process.

Nonwoven fabrics are suitable for use in a wide variety of
applications where the gfﬁciency with which the fabrics can be
manufactured provide§ a significant economic advantage for these
fabrics versus traditional textiles. Hydroentangled fabrics have been
developed with i.mprojed properties, which are a result of the
entanglement of the fibérs, and/or filaments in the fabric providing
improved fabric integrity. Subsequent to entanglement, fabric durability
can be further enha.nce(%l by the application of binder compositions
and/or by thermal stabilization of the entangled fibrous matrix.

Previously, the manufacture of electronic components, such as a

printed circuit board, utilized woven fiberglass of either continuous

-
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yarns or rovings. Weaving fiberglass is known to be highly detrimental
to weaving components, as well as difficult to handle due to hazards
imposed by the fine glass filaments. By the utilization of
hydroentangled, three-dimensionally imaged support substrates, PCB's,
and similar applications, can not only be fabricated from a variety of
fibrous components of éigniﬁcantly reduced hazardous nature, but are
also imparted with unique and useful performance properties, which
improve the overall structural, electrical, and thermal performance of the
circuit board. A particular advantage of the improvement in thermal
control of the substrate formed in accordance with the present invention,
highly temperature sensitive electrical component, such as advanced
computer processors, can attain further benefit from the substrate being
better able to dissipate heat. With reduced temperature, such thins as
processor speed and battery life can be increased further.

Summary of the Invention

The present invention relates to a nonwoven substrate, and
specifically to a nonwoven substrate imparted with a three-dimensional
image, wherein the three-dimensional nonwoven substrate is
patticularly suited as a ‘sup.por(: substrate for a PCB (Printed Circuit
Board) and similar application.

By the utilizatior of a hydroentangled, three-dimensionally
imaged support substrate impregnated with a durable resinous matrix,
PCB's, and similar applications, can be imparted with unique and useful
performance properties, to improve structural performance. The
substrate can be directly imparted with inherent properties, which have
heretofore required the manufacture of multiple components and
fabrication into a useful article, such as: “Reinforcements”, to counteract
temporary (flex) and pérmanent (warp) strains, “bolsters”, around

through-holes at mounting points to prevent cracking, and “guides”, for
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mounting other pieces to the base construct. As well as articles such as,
“registration markers”,.to aid in establishing proper reference
orientation during fabrication procedures and automated quality control
analyses, “live hinges”,;which focus flexural energy into a region of the
substrate which is most; able to accommodate such energy, “rail stops”,
to prevent exceeding an established reference point during the
fabrication of the individual construct or when such constructs are
combined into a more complex matrix, “cavities”, to allow for the
formation of recesses in which to place bulky or otherwise hindered
pieces, “apertures”, to create a pre-existing through-hole without the
need of drilling, ”drilli.ﬁg targets”, a version based on having an aperture
will with only resinous binder. Common and predictable fibrous
composition of the ma&ix in the target facilitates the ability to automate
drill-out process, whether in consistency of wattage required to ablate by
way of laser, or in driH—bit performance over a finite time period.

To improve the thermal performance of the circuit board, the
hydroentangled, three-éli.mensiona.lly imaged nonwoven support
substrate can be constructed such that the presence of heat, which
generally has a deleterious effect on electronic components, can be
controlled or directed. For instance, the conduction of thermal energy
can be directed from a first specified region to a second specified region.
Mass sinking can be controlled, whereby a region of increased mass can
be utilized as an endpoint for a thermal conduction path. Further,
dynamic sinking can be controlled, whereby a region having the ability
to be actively cooled can be utilized as an endpoint for a thermal
conduction path. Furthler still, the nonwoven substrate can be formed
into useful cooling projections, such as posts or fins, which combines

dynamic sinking with a structural capability.
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It is also in the purview of the present invention that the substrate
improves the electrical performance of the circuit board. The substrate
can be constructed such that when employed as a base for electrical
cireuitry, certain and specific regions of the substrate exhibit
performance beneficial or directly employed by the electronic
components attached thereto or thereupon. A specific example of
performance—orientateci regions include those, which have variable,
specific, and/or isolated dielectric attributes. The variable dielectric
region may be of a corresponding variance in bulk, or of uniform bulk
and the variance a property of mass. The nonwoven support substrate
can be used for grounding purposes so as to impart a PCB with the
ability to control the buildup of static charge and/ or the ability to protect
sensitive electronic coniponents from overcharge, as well as provide a
PCB with electro-magnétic shielding by dissipating an electrical charge
induced by a magnetic field.

The substrate of the invention provides an overall benefit to
circuit boards, but also ‘;:an be utilized in other end-use applications
including, but not limited to, wireless and satellite communication,
computer/microprocessor architecture, and power supply devices.

It is also within the purview of the invention that the substrate
may be comprised of a éi.ngle layer construct or a multi-layer construct.
The layers can either bei woven substrates, nonwoven substrates, or the
combination thereof and may be of the same or differing composition.
Further, the support substrate may be of a laminate or composite
structure. Further still, {he substrate can be integrated, wherein
formation of the substrate includes alternate materials to impart
different physical properties (i.e. incorporation of a carbon fiber into a
PET nonwoven or a gla'és ‘woven to create an electro conductive

substrate). Additionally, the substrate can include alternate materials to
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enhance physical properties (i.e. use of oriented monofilament or
variable denier to reduce elongation). Use of flame-retardant or self-
extinguishing componént in substrate allow for protection of sensitive
circuitry in case of cataétrophic thermal failure.

Other features and advantages of the present invention wiil
become readily apparent from the following detailed description, the
accompanying drawings, and the appended claims.

Brief Description of the Drawings

FIGURE1lisa diégrammatic view of an apparatus for
manufacturing a nonwoven substrate, embodying the principles of the
present invention; )

FIGURE 2 depicts non-limiting examples of the construction of the
nonwoven substrate of the present invention;

FIGURE 3 depicts a circuit board without utilizing the substrate of
the present invention and a circuit board utilizing the substrate of the
present invention; and

FIGURE 4is a pﬁ‘otomicrcgraph of the nonwoven substrate made
in accordance with the present invention.

Detailed Description

While the preseﬂt invention is susceptible of embodiment in
various forms, there is shown in the drawings and will hereinafter be
described a presently preferred embodiment of the invention, with the
understanding that the present disclosure is to be considered as an
exemplification of the invention, and is not intended to limit the
invention to the specific embodiment illustrated.

Manufacture of a three-dimensionally imaged nonwoven
substrate embodying the principles of the present invention is initiated
by providing the fibrou{s matrix, which can include the use of staple
length fibers, continuous filaments, and the blends of fibers and /or

-6-
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filaments having the same or different composition. Fibers and/or
filaments are selected from natural or synthetic composition, of
homogeneous or mixed fiber length. Suitable natural fibers include, but
are not limited to, cotton, wood pulp and viscose rayon, flax, hemp, and
kenaf. Natural fibers also include silicates, such as glass. Synthetic
fibers, which may be bfended in whole or part, include thermoplastic
and thermoset polymers, including acrylics and polycarbonates.
Thermoplastic polymers suitable for blending with dispersant
thermoplastic resins include polyolefins, polyamides and polyesters.
Thermoplastic aramids and melamines are particularly advantageous
due to their high thermal stability. The thermoplastic polymers may be
further selected from homopolymers; copolymers, conjugates and other
derivatives including those thermoplastic polymers having incorporated
melt additives or surface-active agents. Staple lengths are selected in the
range of 0.25 inch to 10 inches, the range of 1 to 3 inches being preferred
and the fiber denier selected in the range of 1 to 22, the range of 2.0to 8
denier being preferred for general applications. The profile of the fiber
and/ or filament is not a limitation to the applicability of the present
invention.

The substrate of the present invention may be comprised of a
single fabric layer construct or a multi-layer construct. The layers can
either be woven substrates, nonwoven substrates, or the combination
thereof and may be of tile same or differing composition. Further, the
support substrate may Ee of a laminate or composite structure. Further
still, the substrate can be integrated, wherein formation of the substrate
includes alternate materials to impart different physical properties (i.e.
incorporation of a carbon fiber into a PET nonwoven or a glass woven to
create an electro conductive substrate). Additionally, the substrate can

include alternate materials to enhance physical properties (i.e. use of
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oriented monofilament or variable denier to reduce elongation). Use of
flame-retardant or self-extinguishing component in substrate allow for
pfotecﬁon of sensitive ciircuiiry in case of catastrophic thermal failure.

With reference to FIGURE 1, therein is illustrated an apparatus for
practicing the present method for forming a nonwoven substrate. The
support substrate of the invention is manufactured in accordance with
the techniques disclosed in U.S. Patent No. 5,098,764, to Drelich, hereby
incorporated by reference. The substrate is formed from a fibrous matrix,
which typically comprises staple length fibers. The fibrous matrix is
preferably carded and cross-lapped to form a precursor web, designated
P. In a current embodiment, the precursor web comprises a majority of
cross-lap fibers, that is, most of the fibers of the web have been formed
by cross-lapping a carded web so that the fibers are oriented at an angle
relative to the machine direction of the resultant web.

FIGURE 1 illustrates a hydroentangling apparatus for forming
nonwoven substrates in accordance with the present invention. The
apparatus includes a foraminous-forming surface in the form of belt 10
upon which the precursor web P is positioned for pre-entangling by
entangling manifold 12. Pre-entangling of the precursor web, prior to
three-dimensional imaging, is subsequently effected by movement of the
web P sequentially over a drum 14 having a foraminous forming surface,
with entangling manifold 16 effecting entanglement of the web. Further
entanglement of the web is effected on the foraminous forming surface
of a drum 18 by entanglement manifold 20, with the web subsequently
passed over successive foraminous drums 22, for successive entangling
treatment by entangling manifolds 24', 24'.

The entangling ai)paratus of FIGURE 1 further includes an
imaging drum 24 comp{i&ing a three-dimensional image transfer device

for effecting imaging of the now-entangled precursor web. The image

-8-
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transfer device i.ncludes? a moveable imaging surface which moves
relative to a plurality of entangling manifolds 26 which act in
cooperation with three-dimensional elements defined by the imaging
surface of the image h-a;nsfer device to effect imaging of the substrate
being formed. Hydroentanglement results in portions of the precursor
web being displaced from on top of the three-dimensional surface
elements of the imaging surface to form a three-dimensionally imaged
nonwoven substrate with interconnected regions of different densities.

Subsequent to three-dimensional imaging, the nonwoven
substrate is impregnated with a durable resinous matrix so as to provide
a stable support substrate for use with electrical components, such as a
PBC. Specific durable resinous matrices that can be incorporated
include, but are not limited to, thermoset resins, such as polyesters,
epoxies, vinylesters, as well as phenolic resins, and may be applied by
suitable or applicable means. The aforementioned resins are preferred
due to their versatility and ease of use. Polyester and epoxy resins are
suitable resins for the present invention due to their extreme hardness.
The resultant nonwoven support substrate, impregnated with a resinous
matrix, may also be utilized in other end-use applications including, but
not limited to, wireless and satellite communication,
computer/microprocessor architecture, and power supply devices.

Optionally, the nonwoven substrate can be treated with a
performance modifying composition to further alter the substrate
structure or to meet end-use article requirements. Fibers/filaments can
have a modified surfacé energy, by way of coating or profile, to increase
capillary wicking. An éxemplary technique of modifying surface energy
is to improved impregnation of the durable resinous matrix.

Utilizing the substrate of the present invention in circuit boards

and other end-use applications, such as wireless and satellite

9.
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communication, computer/microprocessor architecture, and power
supply devices, benefits the device structurally, thermally, and
electrically. Control of fhermal expansion and propagation will reduce
stress imparted to electronic components, in particular solder points and
surface-mount electronics. It is known that stress results in ultimate
decreased performance and failure of the device.

The nonwoven stibstrate can act as a variable, specific, and
isolated dielectric substance. The variable dielectric region may be of a
corresponding variance in bulk, or of uniform bulk and the variance a
property of mass. The nonwoven substrate can be used for grounding
purposes so as to impaf‘t a PCB with the ability to control the buildup of
static charge and/or the ability to protect sensitive electronic
components from overcharge, as well as provide a PCB with electro-
magnetic shielding by dissipating an electrical charge induced by a
magnetic field. The noﬁwoven substrate of the present invention
exhibits a dielectric Vﬂ]ljle that is fixed within any one of the
interconnected regions.

It is in accordance with the present invention that the support
substrate can be comprised of one or more apertures. The incorporation
of several aperture unif;ormly spaced provides for an air-transfer grill
within the support sub;strate. A portion of the support substrate may
also be removable, whérein the removed portion of the substrate can be
repositioned within thé surface of the substrate. The substrate may be
comprised of wire channels, which are embedded within the surface of
the substrate. Further, the support substrate may be comprised of one or
more protrudances, wherein the protrudance may be a series of
integrated spacers or an increased localized thick mass that extended

outwardly in the z—dire:ction of the substrate. Structural reinforcements,
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live hinges, and vibrational dampers may also be incorporated into the
support substrate,

Substrate of present invention capable of being supplied as either
a continuous roll or is sheet form.

Other features and advantages of the present invention will
become readily apparent from the following detailed description, the

accompanying drawings, and the appended claim
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WHAT IS CLAIMED:

1 A method of making a support substrate comprising:

a. a base substrate;

b. said base substrate subjected to hydroentanglement on a
three-dimensional foraminous surface;

c said base substrate being imparted with a corresponding
three-dimensional image;

d. said three-dimensional base substrate made durably
permanent by application of resinous matrix;

e. said base substrate comprising a plurality of interconnected
regions of different deﬁsity or composition; and

£ said base substrate exhibiting a dielectric value that is fixed
within any one of the interconnected regions.

2. A method of making a support substrate in accordance
with claim 1, wherein said base substrate is selected from the group
consisting of staple length fibers, continuous filaments, and blends
thereof. :

3. A method of making a support substrate in accordance
with claim 2, wherein base substrate is selected from the group
comprising thermoplastic fibers, natural fibers, thermoset fiber, and the
combination thereof.

4. A method of making a support substrate in accordance
with claim 3, wherein said thermoplastic fibers are selected from the
group comprising polyolefins, polyamides, polyesters and the
combinations thereof.

5. A method of making a support substrate in accordance
with claim 3, wherein said natural fibers are selected from the group
comprising cotton, wood pulp, viscose rayon, flax, hemp, kenaf, and the

combinations thereof.

“12-
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6. A support substrate for electronic circuitry comprising a
base substrate wherein said base substrate is hydroentangled on a three-
dimensional foraminous surface and subsequently impregnated with a
durable resinous matrix.

7. A method of making a support substrate in accordance
with claim 6, wherein said support substrate comprises a portion that is
removable.

8. A method of making a support substrate in accordance
with claim 7, wherein said removable portion of said support substrate
may be repositioned within said support substrate.

9. A method of making a support substrate as in claim 6,
wherein said substrate is comprised of at least one aperture.

10. A method of making a support substrate as in claim 6,
‘wherein said support substrate is comprised of at least one increased
localized thermal mass protruding from said substrate.

11. A method of making a support substrate as in claim 6,
wherein said support substrate is comprised of integrated spacers of the
same scale or of differing scales that protrude from said substrate.

12. A method of making a support substrate as in claim 6,
wherein said support substrate is comprised of structural reinforcements
that protrudes from said substrate.

13. A method of making a support substrate as in claim 12,
wherein said structural reinforcement is comprised of at least one
aperture.

14. A method of making a support substrate as in claim 6,
wherein said support substrate is comprised of wiring channels that are
embedded within the surface of said substrate,

15. A method of making a support substrate as in claim 6,

wherein said support substrate is comprised of a live hinge.
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16. A method of making a support substrate as in claim 6,

wherein said support substrate is comprised of an air-transfer grill.
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