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SPECIFICATION
TITLE OF THE INVENTION

“DIRECT APPLICATION VOLTAGE VARIABLE MATERIAL, COMPONENTS
THEREOF AND DEVICES EMPLOYING SAME"

PRIORITY CLAIM
This application claims the benefit of U.S. Patent Application No. 10/410,393,

filed April 8, 2003, entitled “Voltage Variable Material For Direct Application And
Devices Employing Same”, the entire contents of which are hereby incorporated by

reference and relied upon.

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is related to the following commonly-owned co-pending
patent applications: “Polymer Composite Materials for Electrostatic Discharge
Protection,” Serial No. 09/232,387, Attorney Docket No. 0112690-020; “Voltage
Variable Substrate Material,” Serial No. 09/976,964, Attorney Docket No. 0112690-
098.

BACKGROUND OF THE INVENTION

The present invention generally relates to circuit protection. More specifically,
the present invention relates to voltage variable materials.

Electrical overstress (“EOS”) transients produce high electric fields and usually
high peak power that can render circuits or the highly sensitive electrical components
in the circuits, temporarily or permanently non-functional. EOS transients can include
transient voltages capable of interrupting circuit operation or destroying the circuit
outright. EOS transients may arise, for example, from an electromagnetic pulse, an
electrostatic discharge, lightning, a build-up of static electricity or be induced by the
operation of other electronic or electrical compenents. An EOS transient can rise to its
maximum amplitude in subnanosecond to microsecond times and have repeating
amplitude peaks.

Materials exist for the protection against EOS transients, which are designed to
respond very rapidly (ideally before the transient wave reaches its peak) 1o reduce the
transmitted voltage to a much lower value for the duration of the EOS transient. EOS

materials are characterized by high electrical resistance values at low or normal
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operating voltages. In response to an EOS transient, the materials switch very rapidly
1o a low electrical resistance state. When the EOS dissipates, these materials return to
their high resistance state. EOS materials also recover very rapidly to their original
high resistance value upon dissipation of the EOS transient.

EOS materials are capable of repeated switching between the high and low
resistance states. EOS materials can withstand thousands of ESD events and recover
to desired off-status after providing protection from each of the individual ESD events.

Circuits employing EOS materials can shunt a portion of the excessive voltage
or current due to the EOS transient to ground, protecting the electrical circuit and its
components. Another portion of the threat transient reflects back towards the source
of the threat. The reflected wave is attenuated by the source, radiated away, or re-
directed back to the surge protection device, which responds in kind to each return
pulse until the threat energy is reduced to safe levels. A typical circuit employing an
EOS transient device is illustrated in Fig, 1.

With reference to Fig. 1, a typical electrical circuit 10 is illustrated. The circuit
load 12 in the circuit 10 operates at a normal operating voltage. An EOS transient of
substantially more than two to three times the normal operating voltage having a
sufficient duration can damage the load 12 and the components contained therein.
Typically, EOS threats can exceed the normal operating voltage by tens, hundreds or
even thousands of times the voltages seen in normal operation.

In the circuit 10, an EOS transient voltage 14 is shown entering the circuit 10
along line 16. Upon the occurrence of the EOS transient voltage 14, an EOS
protection device 18 switches from the high resistance state to a low resistance state
thus clamping the EOS transient voltage 14 at a safe, low value. The EOS protection
device 18 shunts a portion of the transient threat from the electronic line 16 to the
system ground 20. As stated above, the EOS protection device 18 reflects a large
portion of the threat back towards the source of the threat.

EOS protection devices typically employ a voltage variable material (“VVM”).
Many VVM’s have been of a consistency and make-up that they have required some
type of housing or encapsulation. That is, the VVM materials have heretofore been

provided in a device, such as a surface mount device, mounted to a printed circuit
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board (“PCB”). The VVM devices typically have been mounted discretely from the
devices of the circuit that require protection. This presents a variety of problems.

First, VVM devices add to the number of components that are required to be
mounted to the PCB. The VVM devices consume valuable board space and add to the
potential for defects. The VVM devices typically require that additional pads be
secured to the PCB and that additional circuit traces be routed from PCB devices or
from a ground plane to the VVM pads. It is always desirable for cost,
spacing/flexibility and reliability purposes, to reduce the number of components
mounted to a PCB.

Second, adding components to an existing PCB can require a board redesign or
other type of incorporation into a currently pending design. If the application is
already in production, it is likely that a considerable amount of time has been spent
optimizing board space, which may or may not leave room to integrate a VVM device,

Third, many EOS transients occur outside of the PCB and are transmitted to the
PCB through cables and wires. For instance, networked computer and telephone
systems are subject to a variety of transients caused by environmental and handling
activities. In these sitvations, it would be desirable to eliminate voltage transients

before they reach the PCB.

SUMMARY OF THE INVENTION

The present invention provides overvoltage circuit protection. Specifically, the
present invention provides a voltage variable material (“VVM?”) that includes an
insulative binder that is formulated to intrinsically adhere to conductive and non-
conductive surfaces. The binder and thus the VVM is self-curable and may be applied
to an application in the form of an ink, which dries in a final form for use. The binder
climinates the need to place the VVM in a separate device and for separate printed
circuit board pads on which to electrically connect the VVM. The binder and thus the
VVM can be directly applied to many different types of substrates, such as a rigid (FR-
4) laminate, a polyimide, a polymer, glass and ceramic. The VVM can also be directly
applied to different types of substrates that arc placed inside a piece of electrical

equipment (e.g., a connector).
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The binder of the VVM includes a polymer, such as polyester, which is
dissolved in a solvent. One suitable solvent for dissolving the polymer is diethylene
glycol monoethyl ether acetate, commonly referred to as “carbitol acetatate”. In an
embodiment, a thickening agent, such as a fumed silica, is added to the insulative
binder, which increases the viscosity of the insulative binder. A number of different
types of particles are then mixed in the binder to produce a desired clamping voltage
and response time. The different types of particles include: conductive particies,
insulating particles, semiconductive particles, doped semiconductive particles
(including core and shell doped semiconductor particles) and any combination thereof.

The conductive particles in an embodiment include an inner core and an outer
shell. The core and the shell have different conductivities or resistivities. Either the
shell is more conductive than the core or the core is more conductive than the shell.
The core and shell can each individually consist of any of the different types of
particles listed above. In one preferred embodiment, the conductive particles include
an aluminum core and an aluminum oxide shell. In an alternative embodiment, the
conductive particles do not include a shell or coating. Here, conductive particles can
consist substantially of a single material.

In one preferred embodiment, the VVM includes conductive particles and
doped semiconductive particles. The conductive particles can be substantially pure
nickel particles, while the doped semiconductive particles include doped silicon.

The VVM having the binder of the present invention can be applied to a
substrate to form various circuits or applications. In a first application, a plurality of
electrodes or conductors secure to a printed circuit board via any known technique,
The clectrodes are each separated on the printed circuit board by a gap. The VVM is
applied to and intrinsically adheres to the electrodes and the substrate in the gap. Ina
second application, the electrodes are again secured to the substrate, but the VVM only
intrinsically adheres to the electrodes. That is, the VVM does not adhere to the
substrate but is placed across the gap.

In a third application, the VVM intrinsically adheres to a substrate, wherein the
electrodes are placed on and intrinsically adhere to the VVM. That is, the VVM
secures the electrodes to the substrate. In a forth application, at least one of a plurality

of electrodes is secured to the substrate, wherein the VVM intrinsically adheres to the
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secured electrode. At least one other electrode resides on top of the VVM. The gap
between the electrodes is formed by the thickness of the VVM. Here, the VVM may
or may not additionally, intrinsically secure to the substrate. The electrode that resides
on top of the VVM can also have a portion that secures to the substrate.

When the VVM is applied to a circuit, such as on a printed circuit board, the
quantity of VVM self-cures in a finished form that does not require a separate
protective covering. The VVM may be left open to the environment through
manufacture, shipping and use. The substrate can be any type of substrate, such as a
rigid laminate (e.g., FR-4) used with printed circuit boards, a material such as a
polyimide used with flexible circuits (e.g., Kapton®), a polymer, ceramic or glass as
well as any combination of these.

In another embodiment, the substrate can be coated or otherwise protected. For
example, any of the applications described above can be covered with a coating. The
coating can be any one of a variety of different matertals including: a dry film photo-
imagable coverlay, a spray liquid photo-imagable coverlay or a “glob-top” type
coating as it is known in the art. Alternatively, any of the applications described above
can be embedded in a multilayered printed circuit board (“PCB”). In another
embodiment, at least one additional electrode or conductor secures to an underside of
an upper substrate, wherein the VVM exists between the upper and lower substrates
and intrinsically adheres to at least the upper and lower electrodes and possibly to one
or more of the upper and lower substrates.

The circuit may or may not be provided in a device. For example, the device in
an embodiment is a telecommunications device, such as an RJ-45 or RJ-11 connector.
In another embodiment, the device is an input/output connector, such as a Deutsches
Institut fiisr Normung eV (“DIN”) connector or ribbon cable connector. In each of
these devices, the VVM protecis one or more signal lines from transient voltage spikes
by connecting the signal conductors to a ground conductor or shield.

In one embodiment, an RJ type connector includes a plurality of signal
conductors. The connector also includes a grounded conductive shield. The shield is
cut or stamped to yield at least one tab that is biased downwards towards the
conductors. In one embodiment, the shield defines a separate tab for each of the

conductors. The connector includes a housing that compresses the tabs onto the
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conductors, VVM is applied between the shield tabs and the conductors to provide
overvoltage protection to the RJ connector. In an embodiment, the VVM is the
intrinsically securing VVM described above, however, a known VVM provided in a
device could also be used. In another embodiment, a capacitor is placed between the
VVM and one of the conductors and the shield tab to block high DC voltages, such as
those imposed during high potential [HI-POT] testing.

1t is therefore an advantage of the present invention to provide an intrinsically
adhesive VVM.

Another advantage of the present invention is to provide a VVM that does not
need to be housed in a separate device.

A further advantage of the present invention is to provide a VVM that is self-
curing.

Yet another advantage of the present invention is to provide a VVM that
adheres directly to a printed circuit board without the need for providing separate
electrical pads on the substrate on which to mount the VVM.

Yet a further advantage of the present invention is to provide a VVM that
adheres directly to a polymer or plastic.

Still another advantage of the present invention is to directly apply a VVM to a
substrate, wherein the substrate is provided in an electrical device, such as a piece of
cquipment or a connector.

Still a further advantage of the present invention is to provide RJ type
connectors having overvoltage protection.

Moreover, an advantage of the present invention is to provide input/output
connectors having overvoltage protection.

Further still, an advantage of the present invention is to provide an apparatus
for electrically connecting VVM (and alternatively additionally a capacitor) to a
plurality of different signal lines in an RJ type connector.

Moreover, an advantage of the present invention is, via the elimination of the
need for a housing, to provide a lower cost, readily produced circuit protection
material that can result in improved electrical performance due to the reduction of

parasitic impedance.



—m —m —m @ @ @ @ @ @ @ @ @ @ @ @ @ ™@ ™@ o ™@P & &a & & & /& /& /&, /s, /. /&, o/, /e, o/, /e /e /e /e e /e o/ e e e e e

O

(34) JP 2005-184003 A 2005.7.7

Additional features and advantages of the present invention will be described in,
and apparent from, the following Detailed Description of the Preferred Embodiments

and the Drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of a typical waveform of an electrical
overstress transient.

Fig. 2 is a schematic illustration of certain possible components for the voltage
variable material (“VVM?”) of the present invention.

Fig. 3A is a sectional schematic illustration of a core and shell doped
semiconductive particle used with the VVM of the present invention.

Fig. 3B is a sectional schematic illustration of a core and shell conductive
particle of the VVM of the present invention.

Figs. 4 is a perspective view of a rigid printed circuit board (“PCB”) substrate
that illustrates one circuit arrangement for the intrinsically adhesive VVM of the
present invention.

Figs. 5 is a perspective view of a flexible substrate having the intrinsically
adhesive VVM of the present invention.

Fig. 6 is a sectioned elevation view illustrating three additional circuit
arrangements for the intrinsically adhesive VVM of the present invention.

Fig. 7 is a sectioned elevation view illustrating two “Z” direction type circuit
arrangements for the intrinsically adhesive VVM of the present invention.

Fig. 8 is a sectioned elevation view illustrating still a further circuit
arrangement for the intrinsically adhesive VVM of the present invention.

Fig. 9 is a sectioned elevation view illustrating the circuit arrangements of Figs.
4 to 7 laminated in a multilayer PCB.

Fig. 10 is a sectioned elevation view illustrating the circuit arrangements of
Figs. 4 to 7 covered with a protective coating.

Fig. 11 is a perspective view of one embodiment of a DIN connector having the
directly applied VVM of the present invention.

Fig. 12 is a perspective view of one embodiment of a ribbon cable connector

having the directly applied VVM of the present invention.
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Fig. 13 is a cutaway perspective view of one embodiment of a
data/telecommunications RJ type connector having the directly applied VVM of the
present invention.

Fig. 14 is a cutaway perspective view of a number of signal conductors and a
shield of one embodiment of a data/telecommunications RJ type connector having the
directly applied VVM of the present invention.

Fig. 15 is a side elevation view of a signal conductor, a shield and a capacitor
of one embodiment of a data/telecommunications R} type comnector having the
directly applied VVM of the present invention.

Figs. 16 and 17 are schematic views of various fluidized bed plasma reactors of
the present invention suitable for use to coat particles of the voltage variable materials

described herein.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Fig. 2, a voltage variable material (“VVM”) 100 of the
present invention includes an insulative binder 50. The binder 50 secures one or more
or all of certain different types of particles, such as insulating particles 60,
semiconductive particles 70, doped semiconductive particles 80, conductive particles
90 and various combinations of these. The insulative binder 50 has intrinsically
adhesive properties and self-adheres to surfaces, such as a conductive, metal surface or
a non-conductive, insvlative surface. The insulative binder 50 has a property of being
self-curing, so that the VVM 100 can be applied to a circuit or application and be used
thereafter without heating or otherwise curing the VVM 100 and the insulative binder
50. It should be appreciated, however, that the circuit or application employing the
VVM 100 with the binder 50 may be heated or cured to accelerate the curing process.

The insulative binder 50 of the VVM 100 in an embodiment includes a
polymer or thermoplastic resin, such as polyester, which is dissolved in a solvent. In
one embodiment, the polyester resin has a glass transition temperature in the range of
6° C to 80°C and a molecular weight between 15,000 and 23,000 atomic mass units
(“AMU’s”). One suitable solvent for dissolving the polymer is diethylene glycol
monoethyl ether acetate, commonly referred to as “carl_)itol acetatate”. In an

embodiment, a thickening agent is added to the insulative binder 50, which increases
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the viscosity of the insulative binder 50. For example, the thickening agent can be a
fumed silica, such as that found under the trade name Cab-0-Sil TS-720.

The insulative binder 50 in an embodiment has a high dielectric breakdown
strength, a high eclectrical resistivity and high tracking resistance. The insulative
binder 50 provides and maintains sufficient interparticle spacing between the other
possible components of VVM 100, such as the conductive particles 90, the insulating
particles 60, the semiconductive particles 70 and the doped semiconductive particles
80. The interparticle spacing provides a high resistance. The resistivity and dielectric
strength of the insulative binder 50 also affects the high resistance state. In an
embodiment, the insulative binder 50 has a volume resistivity of at least 10° ohm-cm.
It is possible to blend different polymers in the binder 50 and to cross-link same.

In an embodiment, insulating particles 60 are dispersed into the binder 50 of
the VVM 100. The insulating particles 60 in an embodiment have an average particle
size in a range of about 200 to about 1000 Angstroms (“A”) and a buik conductivity of
less than 10 (ohm-cm)”. In one embodiment, the insulating particles 60 have an
average particle size in a range of about 50 A to about 200 A.

The fumed silica of the binder 50, such as that available under the trade name
Cab-0-Sil TS-720, constitutes an insulating particles 60. Other insulative particles,
however, can be used in addition to the fumed silica. For example, glass spheres,
calcium carbonate, calcium sulphate, barium sulphate, aluminum trihydrate, kaolin and
kaolinite, ultra high-density polyethlene (“UHDPE”) and metal oxides such as titanium
dioxide may also be used as insulating particles 60 in the present invention. For
example, titanium dioxide having an average particle size from about 300 to 400 A,
manufactured by Nanophase Technologies, provides a suitable insulating particle 60.

The insulating particles 60 can also include oxides of iron, aluminum, zinc,
titanium, copper and clay such as a montmorillonite type produced by Nanocor, Inc.
Insulating particles 60 in addition to the fumed silica, if employed in the VVM 100,
are present in an embodiment from about one to about fifteen percent by weight of the
VVM 100.

In an embodiment, semiconductive particles 70 are dispersed into the binder 50
of the VVM 100. The semiconductive particles 70 in an embodiment include an

average particle size of less than 5 microns and bulk conductivities in the range of 10
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to 10°° (ohm-cm)'l. In order to maximize particle packing density and obtain optimum
clamping voltages and switching characteristics, the average particle size of the
semiconductive particles 70 in one preferred embodiment is in a range of about 3 1o
about 5 microns, or even less than 1 micron. Semiconductive particle sizes down to
the 100-nanometer range and less are also suitable for use in the present invention.

The material of the semiconductive particles 70 in an embodiment includes
silicon carbide. The semiconductive particle materials can also include: oxides of
bismuth, copper, zinc, calcium, vanadium, iron, magnesium, calcium and titanium;
carbides of silicon, aleminum, chromium, titanium, molybdenum, beryllium, boron,
tungsten and vanadium; sulfides of cadmium, zinc, lead, molybdenum, and silver;
nitrides such as boron nitride, silicon nitride and aluminum nitride; barium titanate and
iron titanate; suwicides of molybdenum and chromium; and borides of chromium,
molybdenum, niobium and tungsten.

In an embodiment, the semiconductive particles 70 include silicon carbide for
example, manufactured by Agsco, which can be of #1200 grit and have an average
particle size of approximately 3 microns. The silicon carbide can alternatively be
manufactured by Norton, be of #10,000 grit, and have an average particle size of
approximately 0.3 microns. In another embodiment, the semiconductive particles 70
include silicon carbide and/or at least one other material including: barium titanate,
boron nitride, boron phosphide, cadmium phosphide, cadmium sulfide, gallium nitride,
gallium phosphide, germanium, indium phosphide, magnesium oxide, silicon, zinc
oxide, and zinc sulfide.

In an embodiment, doped semiconductive particles 80 are dispersed into the
binder 50 of the VVM 100. The addition of certain impurities (dopants) affects the
electrical conductivity of a semiconductor. The impurity or material used to dope the
semiconductor material may be either an electron donor or an electron acceptor. In
cither case, the impurity occupies the energy level within the energy band gap of an
otherwise pure semiconductor. By increasing or decreasing the impurity concentration
in a doped semiconductor, the electrical conductivity of the material is varied. The
electrical conductivity of a pure semiconductor may be extended upward (into the

range of a semimetal or metal) by increasing the conduction electron concentration, or
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may be extended downward (into the range of an insulator) by decreasing the
conduction electron concentration.

In one embodiment, the semiconductive particles 70 and doped semiconductive
particles 80 are mixed into the insulative binder 50 of the VVM 100 via standard
mixing techniques. In another embodiment, various different doped semiconductive
particles 80 that have been doped to different electrical conductivities are dispersed
into the insulative binder 50 of the VVM 100. Either of these embodiments can also
include insulating particles 60.

In one embodiment, the VVM 100 employs a semiconductive particle doped
with a material to render it electrically conductive. The doped semiconductive
particles 80 may be comprised of any conventional semiconductor material including:
boron nitride, boron phosphide, cadmium phosphide, cadmium sulfide, gallium nitride,
galtium phosphide, germanium, indium phosphide, silicon, silicon carbide, zinc oxide,
zinc sulfide as well as electrically conducting polymers, such as polypyrole or
polyaniline. These materials are doped with suitable electron donors for example,
phosphorous, arsenic, or antimony or electron acceptors, such as iron, aluminum,
boron, or gallium, to achieve a desired level of electrical conductivity.

In an embodiment, the doped semiconductive particles 80 include a silicon
powder doped with aluminum (approximately 0.5% by weight of the doped
semiconductive particle 80) to render it electrically conductive. Such a material is
marketed by Atlantic Equipment Engineers under the trade name Si-100-F. In another
embodiment, the doped semiconductive particles include an antimony doped tin oxide
marketed under the trade name Zelec 3010-XC. '

In an embodiment, the doped semiconductive particles 80 of the VVM 100
have an average particle size less than 10 microns. In order to maximize particle-
packing density and obtain optimum clamping voltages and switching characteristics,
however, the average particle size of the semiconductive particles may be in a range of
about 1 to about 5 microns, or even less than 1 micron.

One Preferred VVM Component

One preferred doped semiconductive particle 80 is illustrated in Fig. 3A.

Semiconductive particle 80 includes an inner core 82 that is doped with at least one

dopant 84. The inner core is then surrounded by an outer shell or coating 86.
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In one embodiment, the core material 82 includes particle or powdered silicon.
The silicon 82 is doped to a low resistivity value (e.g., below 1 ohm-cm) and thereafter
ground to a powder. The average size of the particles 82 is any suitable size and in one
embodiment, the core particles are each between five and 100 microns. In one
embodiment, the average thickness of the shell or coating is about 100 to about 10,000
Angstroms (“A”).

The core material 82 or silicon is doped with a suitable dopant, such as
antimony, arsenic, phosphorus, boron or any of the other dopants listed herein. Core
material 82 can be any suitable semiconductive material, such as silicor carbide,
germanium, gallium arsenide and the like. In one embodiment, only a single type of
dopant is used. It should be appreciated, however, that different types of dopants
could be used in the same particle.

The shell or coating 86 of doped semiconductive particle 80 can be made of a
multitude of different materials. For example, the coatings can be any one of the
following materials: silicon dioxide, epitaxial silicon or glass. Each of those matenals
is inert, so that they do not react with other components of the VVM of the present
invention.

The type of coating or shell 86 dictates the process used for forming the
coating or shell. For example, if the coating or shell 86 is an oxide, e.g., silicon
dioxide, the layer is grown via heating at one or more temperatures over a specified or
variable time in one embodiment. It has been found that suitable silicon oxide layers
can be formed by subjecting the core doped silicon particles 82 to heat and
temperature. In particular, the particles can be heated at a temperature of about 500°C
to about 1500°C over an oxidation time from about 15 minutes to about three hours.
The heating is performed over multiple intervals of heating and cooling. In one
embodiment, the cooling is performed while subjecting the particles to a vacuum of
about ten to 100 millitorr. Vacuum cooling is advantageous because it tends to prevent
exposure of the VVM to moisture. The particles in one embodiment are heated for
about thirty minutes and then vacuum cooled overnight. That process is then repeated.

Referring now to Figs. 16 and 17, another method and apparatus contemplated
by the present invention for forming the coating 86 on the core particle 82 is illustrated

by a fluidized bed plasma reactor 250 (Fig. 16) and a reactor 300 (Fig. 17). Fluidized
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bed reactor 250 is shown schematically for ease of illustration. Reactor 250 includes a
housing 252 and base 254. Housing 252 and base 254 are made of an electrically
insultative or dialectric material, such as glass or plastic, in one embodiment.

Housing 252 attaches to or defines an inlet pressure port 256 and an outlet
vacuum port 258 as illustrated. Inlet pressure port 256 extends to a pressure chamber
260. Pressure chamber 260 defines or includes a pressure plenum 262. Pressure
plenum 262 enables a reactant gas from port 256 to enter and stabilize under pressure
within plenum 262, Reactant gas entering the inside of housing 252 through plenum
262 is removed under negative pressure from port 258 defined by or attached to
housing 252.

Chamber 260 also defines or includes a bed 264 for holding core particles 82,
such as doped core particles. The bottom wall 266 of bed 264 is also the top wall of
plenum 262. Wall 266 defines perforated or sintered openings 268 that enable the
pressurized reactant gas to escape through wall 266 in a relatively uniform, steady and
consistent manner. If the pressure within plenum 262 is sufficient, the gas flow
through particles 82 will cause the particles to become entrained in the gas. The
particles are thereafter held in a liquid-like state, wherein the top of the suspension of
particles 82 is relatively flat due to gravity, as would be the casc if liquid were poured
into bed 264. Energized conductor 274 in combination with grounded conductor 260
creates plasma sheeting regions 276 and 278, as well as a glow discharge region 280
located between plasma sheeting regions 276 and 278. Particles 82 suspended in the
gas stream are thereby ensured to be mixed properly with the plasma glow discharge
280.

The reactant gas entering port 256 is carried via a carrier gas, such as nitrogen,
argon, helium, carbon dioxide, oxygen, other gases and combinations thereof. The
reactant gas can be any suitable plasma gas known to those of skill in the art, such as
triethylaluminum (TEAL), carbon tetrachloride, Silane, Diborane and any combination
thereof.

The reactor 250 is also coupled to a high frequency power supply 270 that
operates through a matching network 272 to supply power to a pair of electrodes 274
and 260. Matching network 272 maiches the impedances of the power supply and the

reactor chamber to provide for an optimal transfer of energy to the chamber. It should
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be noted that pressure chamber 260, and in particular plate 266, function additionally
as a second electrode in combination with electrode 274. Pressurized chamber 260 is
therefore made of a conductive material.

Power supply 270 is a high frequency power supply and is an inductively
coupled radio frequency (“RF”) power supply in one embodiment. The high
frequency energy from supply 270 excites the reactant gas molecules entering housing
252 through plenum wall 266, causing the molecules to become ionized. The fluidized
bed continuously mixes the particles as described above with the ionized gas so that
the reaction of the core particles is uniform.

In one embodiment, reactor 250 is used to provide the oxide layer on the doped
core silicon 82 particles described above. The time that the doped core particles spend
in the chamber, the amount and frequency of power supplied to the electrodes 274 and
260 and the gases selected all control the oxide growth rate and amount. It should be
appreciated, however, that reactor 250 can be used to create other coatings or shells for
particle 80 other than oxide shells. For example, the system could be used to apply
different types of coatings with plasma-enhanced chemical vapor deposition
(“PECVD”).

It should be appreciated that while reactor 250 is used in one preferred
embodiment 1o apply an oxide layer or other coating to doped semiconductive core 82,
the apparatus and method can be used to apply coatings to other types of core materials,
such as semiconductive core materials without dopants, insulative materials and
conductive materials. Indeed, reactor 50 can be used to produce the core shell
conductive particle 90 described below in connection with Fig. 3B.

Fig. 17 illustrates an alternative reactor 300. Alternative reactor 300 includes
many of the same components herein. The same functionality as described above for
reactor 250. Those components are marked with the same element numbers. Reactor
300 includes an inductive coil 302 that is wrapped about housing 252. Energy from
power supply 270 is inductively coupled to the reactor through coil 302. The dark or
sheeting regions 276 and 278 occur along the sides of alternative reactor 300, and the
glow discharge region 280 is located between plasma sheeting regions 276 and 278.
Again, the gas stream entraining particles 82 ensures the proper mixing of the particles

with the plasma glow discharge 280.
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Each of the insulating particles 60, semiconductive particles 70 and doped
semiconductive particles 80 are optionally dispersed into the binder 50 of the VVM
100. The fumed silica, or Cab-0-Sil, of the binder 50 constitutes an insulating particle
60. In a preferred embodiment, the VVM 100 includes conductive particles 90. The
conductive particles 90 in an embodiment have bulk conductivities of greater than 10
(ohm-cm)™ and especially greater than 100 (chm-cm) . h is possible, however, that
by using doped semiconductive particles the VVM 100 does not include conductive
particles 90.

The conductive particles 90 in an embodiment have a maximum average
particle size less than 60 microns. In an embodiment, ninety-five percent of the
conductive particles 90 have diameters no larger than 20 microns. In another
embodiment, one hundred percent the conductive particles 90 are less than 10 microns
in diameter. In a further embodiment, conductive particles 90 with average particle
sizes in the submicron range, for example one micron down to nanometers, are used.

Suitable materials for the conductive particles 90 of the VVM 100 include:
aluminum, brass, carbon black, copper, graphite, gold, iron, nickel, silver, stainless
steel, tin, zinc and alloys thereof as well as other metal alloys. In addition, intrinsically
conducting polymer powders, such as polypyrrole or polyaniline may also be
employed, as long as they exhibit stable electrical properties.

In an embodiment, the conductive particles 90 include nickel manufactured by
Atlantic Equipment Engineering and marketed under the trade name Ni-120, which
have an average particle size in the range of 10-30 microns. In another embodiment,
the conductive particles 90 include aluminum and have an average particle size in the
range of 1 to 30 microns.

The conductive particles 90 in one embodiment are not coated and consist
essentially of a single material. Referring to Fig. 3B, in another embodiment, the
conductive particles include an inner core 92 surrounded by an outer shell 94. . The
core 92 and the shell 94 of the particles 90 have different electrical conductivities. In
an embodiment, the core and the shell particles 90 are substantially spherical in shape
and range from about 25 to about 50 microns.

In one embodiment, the inner core 92 of the conductive particles 90 includes an

electrically insulating material, wherein the outer shell 94 includes one of the
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foliowing materials: (1) a conductor; (ii) a doped semiconductor; or (iii) a
semiconductor. In another embodiment, the inner core 92 of the conductive particles
90 includes a semiconductive material, wherein the outer shell 94 includes one of the
following materials: (i) a conductor; (ii) a doped semiconductor; or (iii) a
semiconductive material other than the semiconductive material of the inner core. In a
further embodiment, the inner core 92 includes a conductive material, wherein the
outer shell 94 may be comprised of one of the following materials: (i) ar insulating
material; (ii) a semiconductor; (iii) a doped semiconductor; or (iv) a conductive
material other than the conductive material of the inner core.

Conductive materials suitable for use in the conductive core-shell particles 90
include the following metals and alloys thereof: aluminum, copper, gold, nickel,
palladium, platinum, silver, titanium and zinc. Carbon black may also be used as a
conductive material in the VVM 100. The insulating materials 60, semiconductive
particles 70 and doped semiconductor particles 80 described above may be mixed with
the conductive core-shell particles 90 in the binder 50 of the VVM 100 of present
invention.

In one preferred embodiment, the core-shell particles 90 include an aluminum
core 92 and an aluminum oxide shell 94. The particles 90 having the aluminum core
92 and the aluminum oxide shell 94 can then be provided in the intrinsically adhesive
binder having formed silica without additional insulating particles 60, semiconductive
particles 70 or doped semiconductive particles 80.

In another embodiment, the core-shell particles 90 include a titanium dioxide
(insulator) core 92 and an antimony doped tin oxide (doped semiconductor) shell 94.
These latter particles are marketed under the trade name Zelec 1410-T. Another
suitable core-shell particle 90 is marketed under the trade name Zelec 1610-S and
includes a hollow silica (insulator) core 92 and an antimony doped tin oxide (doped
semiconductor) shell 94.

Particles having a fly ash (insulator) core 92 and a nickel (conductor) shell 94,
and particles having a nickel (conductor) core 92 and silver (conductor) sheil 94 are
marketed by Novamet are also suitable for use in the present invention. Another
suitable alternative is marketed under the trade name Vistamer Ti-9115 by Composite

Particles, Inc. of Allentown, PA. These conductive core-shell particles have an
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insulative shell 92 of ultra high-density polyethylene (UHDPE) and a conductive core
94 material of titanium carbide (TiC). Also, particles 90 having a carbon black
(conductor) core 92 and a polyaniline (doped semiconductor) shell 94 marketed by
Martek Corporation under the trade name Eeonyx F-40-10DG may be used in the
VVM 100 of the present invention.

In one embodiment of the VVM 100, the intrinsically adhesive insulative
binder 50 constitutes from about 20 to about 60%, and more specifically from about 25
to about 50%, by weight of the total composition. The conductive particles 90 in an
embodiment constitute from about 5 to about 80%, and more specifically from about
50 to about 70%, by weight of the total composition. These ranges apply whether or
not VVM 100 includes additional insulative particles 60, semiconductive particles 70
and/or doped semiconductive particles 80. The semiconductive particles 70, if present,
constitute from about 2 to about 60%, and more specifically from about 2 to about
10%, by weight of the total composition.

In another embodiment of the VVM 100, the intrinsically adhesive insulative
binder 50 constitutes from about 30 to about 65%, and more specifically from about 35
to about 50%, by volume of the total composition. The doped semiconductive
particles 80 constitute from about 10 to about 60%, and more specifically from about
15 to about 50%, by volume of the total composition. The semiconductive particles 70
constitute from about 5 to about 45%, and more specifically from about 10 to about
40%, by volume of the total composition. The insulating particles 60 comprise from
about 1 to about 15%, and more specifically from about 2 to about 10%, by volume of
the total composition.

The switching characteristics of the VVM 100 are determined by the nature of
the insulating, semiconductive, doped semiconductive and conductive particles, the
particle sizes and size distribution, and the interparticle spacing. The interparticle
spacing depends upon the percent loading of the insulating, semiconductive, doped
semiconductive and conductive particles and on their size and size distribution. In the
compositions of the present invention, interparticle spacing will be generally greater
than 1,000;&

Through the use of the VVM 100 employing the intrinsically adhesive

insulative binder 50 and the other particles described above, compositions of the
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present invention generally can be tailored to provide a range of clamping voltages
from about 30 voits to greater than 2,000 volts. Certain embodiments of the present
invention for circuit board level protection exhibit clamping voltages in a range of 100
to 200 volts, more specifically less than 100 volts, still more specifically less than 50
volts, and especially exhibit clamping voltages in a range of about 25 to about 50 volts.

The VVM 100 having the intrinsically adhesive insulative binder 50 may be
self-cured or self-secured to conductive and insulative materials. The insulative binder
50 adheres and cures to any type of electrical lead, coil, electrode, pin, trace, etc. The
insulative binder 50 adheres and cures to any type of insulative material, laminate or
substrate. For example, the insulative binder 50 adheres and cures to any type of
printed circuit board material, flexible circuit material, polymer, glass and ceramic.

In one embodiment, the insulative binder 50 of the VVM 100 adheres and
cures to a known FR-4 laminate. The FR-4 laminate typically includes a woven or
non-woven fabric, which is meshed or perforated. The binder 50 of the VVM 100 may
also adhere to a FR-4 layer of a multi-layer PCB. In another embodiment, the
insulative binder 50 of the VVM 100 adheres and cures to a polyimide material. One
type of polyimide material to which the insulative binder 50 intrinsically secures is
manufactured by Dupont Corporation and is called "Kapton”. There are three variants
of the Kapton® material. One Kapton® material includes an acrylic base adhesive but
is not flame retardant. Another Kapton® material includes an acrylic base adhesive
and is flame retardant. A third Kapton® material is adhesiveless. The insulative
binder 50 of the VVM 100 can adhere and cure to each of the variants,

The insulative binder 50 of the VVM 100 can further adhere to a rigid-flexible
material. As its name implies, the rigid-flexible material is a composite of two
different materials, one flexible (such as Pyralux), and the other rigid (FR-4). This
type of material is especially useful for any application that requires connection to
moving or bending parts and also requires a stable platform for components.

One Preferred VVM

The doped semiconductive core shell particle 80 illustrated in Fig. 3A are
applicable with many different types of combinations to produce voltage variable
materials suitable to combat an EOS transient. In one embodiment, the particles 80 of

Fig. 3A are mixed in an insulative binder, such as binder 50 described above with any
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of the conductive particles 90 described herein. In one embodiment, conductive
particles 90 include a substantially pure material, such as pure nickel, that is
substantially not oxidized. It should be appreciated, however, that the particle of
Fig. 3A can be used with a core shell-type conductive particle described below in
connection with Fig. 3B. Further, particles 80 illustrated in connection with Fig, 3A
can be provided in any combination with non-doped semiconductive particles 70,
conductive particles 90 and insultative particles 60. In one embodiment, a
nanotungsten powder is also added.

In one preferred embodiment, VVM 100 is formed using particles 80 described
in connection with Fig. 3A in combination with nickel, wherein the doped
semiconductive particles are provided in a concentration of about 40 to about 80% by
volume, while the nickel particles are provided in a concentration of about 5 to about
25% by volume. Those concentrations are for when VVM 100 has been properly
cured via the multiple heating and cooling steps discussed above. That is, for the
VVM 100 as applied in an application. Those particles are mixed in an insulative
binder 50, which is a polymer that is dissolved via carbital acetate to have the direct
application properties described herein. The resulting VVM 100 has a resistivity of
about 1400 ohm-cm to about 14 x 106 ohm-cm.

Direct Application of VVM

Referring now to Fig. 4, one possible arrangement 115 for the intrinsically
adhesive VVM 100 is illustrated. The arrangement 115 appears in this example on
substrate 110, which is a rigid PCB. A number of other electrical devices 113 are
illustrated, which shows that the VVM 100 is open and exposed when the PCB
substrate 110 is in a finished form. The electrical devices 113 include any type of
electrical device commonly connected to a PCB including both through-hole and
surface-mounted devices. The electrical devices 113 include any electrical
components, such as a resistor or capacitor. The electrical devices 113 also include
any type of integrated circuit, connector, filter, etc.

The arrangement 115 resides next to the other electrical components 113 on the
PCB substrate 110. The arrangement 115 is illustrated having two electrodes 117 and
119 that are each secured to the PCB substrate 110 via any method known to those of
skill in the art. Although two electrodes 117 and 119 are illustrated, the arrangement
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115 can have any number of electrodes. Inthe arrangement 115, the quantity of VVM
100 intrinsically adheres to the electrodes 117 and 119 and to the substrate 110. A gap
exists between the electrodes 117 and 119, which is shown in phantom in this
perspective view because it is covered by the quantity of VVM 100. The gap width in
an embodiment is around 2 mils, however, larger or narrower gap widths may be used.
The electrodes 117 and 119 normally do not electrically communicate with one
another. Upon an EOS transient event, the VVM 100 switches from a high impedance
state to a low impedance state, wherein a transient spike shunts, here, from the
electrode 117 through the VVM 100 to the electrode 119, which is connected to a
shield ground or earth ground as illustrated.

For convenience, the electrode 117 as illustrated terminating with a fragmented
end. It should be appreciated that the electrode 117 can lead to any type of electrical
device. In an embodiment, electrode 117 is a trace on the PCB that carries a signal,
e.g., from a telecommunications transmission. In this case, the electrode 117 may lead
to a connector that receives a telecom input line or to some type of transceiver.

Referring now to Fig. 5, a “Z” direction arrangement is illustrated on a
substrate 110, which in an embodiment is a multi-layered flexible ribbon or circuit.
The flexible substrate 110 includes a plurality of flexible layers 111 and 112. As
described above, the flexible substrate 110 may include layers 111 and 112 that are
made of a polyimide. For example, the layers 111 and 112 may be Kapton®. In
another embodiment, one or both of the layers 111 and 112 are mylar layers. A
section of the layer 112 of the substrate 110 is cut away so as to illustrate a number of
signal conductors 116 as well as a ground conductor 118. With the conductors 116
and the ground conductor 118 exposed, the self-adhesive VVM 100 having the self-
curable binder 50 can be applied across each of the conductors 116.

As illustrated, each of the conductors 116 and the ground conductor 118 is
separated by a gap, so that the conductors do not normally electrically communicate
with one another. In an embodiment, the ground conductor (only a portion shown for
convenience) 118 lays on top of the VVM 100. The gap is therefore said to be in the
“Z” direction, wherein the gaps between the conductors 116 reside in an X-Y plane.
The thickness of the VVM layer is less than the spacing between signal conductors
116. An EOS transient will therefore jump from one of the conductors 116 to ground
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118 instead of to another conductor 116. In another embodiment, a separate ground
trace 118 can be placed next to each signal trace, so that the transient will jump from a
signal trace 116 to a ground trace 118. Either way, the layer of VVM 100 enables any
of the signal conductors 116 that experiences an overvoltage to shunt same to a ground
conductor 118.

As in the rigid PCB application of Fig. 4, the conductors or electrodes 116 (and
118) secure to a surface of a substrate. Here, conductors 116 secure to an inner surface
114 of the flexible layer 111 via any method known to those of skill in the art. In the
«Z” direction embodiment, the ground conductor sticks to the top of the layer of VVM
100. The conductors 116 and ground conductor 118 are also compressed and held in
place by the multiple layers 111 and 112. However, it is possible that the VVM 100 is
exposed on the outside of one of the flexible layers 111 and 112. The quantity of
VVM 100 covers each of the conductors 116 as illustrated and also intrinsically
adheres to the inner surface 114 of the layer 111. The layer of VVM 100 self-cures to
the plurality of conductors 116 and the inner surface 114 of the layer 111 without the
need for an additional curing or heating step. In an alternative embodiment, however,
the layer of VVM 100 may be more quickly cured by heating the flexible circuit for a
predetermined amount of time.

The binder 50 as described above cures in such a manner that the quantity of
VVM 100 does not crack or split even when the flexible substrate 110 is bent or
moved. Even so, the exposed area of inner surface 114 and the ground plane 118 in a
preferred embodiment are covered for purposes of electrical insulation. In an
embodiment, the VVM 100 and the conductors 116 and ground conductor 118 are
covered by a silver ink coating. The VVM in an embodiment can cover an entire
surface of the traces 116 and ground trace 118 to enhance the dissipation ability of the
VVM 100. In a further alternative embodiment, an intermediate insulative coating,
such as a dry film photo-imagable cover lay, a spray liquid photo-imagable cover lay
or a “glob-top” coating, can be disposed between the signal traces 116 and the inner
surface 114 of outer insulating (e.g., plastic) layer 111.

Referring know to Fig. 6, three alternative applications 120, 125 and 130 for
the VVM 100 are illustrated. Each of the applications 120, 125 and 130 is illustrated

in a simplified form having only two conductors. It should be appreciated however,
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that any of the applications disclosed herein can electrically connect and protect a
multitude of conductors, such as in Fig. 5. It should also be assumed, although not
illustrated, that onc of the conductors is a ground or shield conductor, or another type
of conductor with a low impedance path to ground, while at least one other conductor
is a signal or line conductor, wherein the YVM 100 shunts and overvoitage transient
from the line or signal conductor to the ground or shield conductor. Further,
applications 120, 125 and 130 are illustrated in a finished form, wherein VVM 100 is
open and exposed to the environment.

The arrangement 120 illustrates a circuit having conductors 122 and 124 that
are spaced apart by a gap. Each of the conductors 122 and 124 is secured to the
substrate 110 via any method known to those of skill in the art. The substrate 110 can
be any of the substrates described above such as a rigid PCB substrate or a flexible
circuit type of substrate. The application or circuit 120 differs from the circuit 115 in
that the VVM 100 does not adhere to the substrate 110. To form such a circuit, it may
be necessary to support the VVM 100 above the gap until the VVM 100 cures and
dries in place. In another embodiment, a top layer or coating may also adhere to the
VVM 100 wherein the coating enables the VVM 100 in a semi-cured state to be placed
on the conductors 122 and 124. Importantly, the VVM 100 does not need to adhere to
the substrate 110 in the gap area in order for the VVM 100 to function properly. The
circuit 120 functions exactly the same way as the circuit 115 illustrated in Fig. 4, with
regard to the shunting capabilities of the VVM 100.

The circuit or arrangement 125 illustrates that the VVM 100 can intrinsically
secure to the substrate 110 and thereby form a buffer or bed onto which conductors
127 and 129 are placed. The electrodes 127 and 129 are separated by a gap. The
electrodes may sink slightly into the VVM 100 as illustrated or the electrodes 127 and
129 may be placed onto the VVM 100 when the VVM has cured to the point that it
does not deform due to the weight of the conductors or due to the application process.
The circuit or arrangement 125 operates the same as the circuits 115 and 120.

The circuit or arrangement 130 illustrates an embodiment where one of the
conductors, namely, the conductor 132 secures to the substrate 110, while a second
conductor 134 is suspended on top of the layer of VVM 100, similar to the electrodes
127 and 129 of the arrangement 125. The gap in the circuit 130 is a vertically
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disposed gap. The gaps in the arrangements 115, 120 and 125 are horizontally
disposed. It should be appreciated that the VVM 100 operates equally as well whether
the gap is an “XY” direction type of gap, such as with the arrangements 115, 120 and
125, or whether the gap is a “Z” direction type of gap as illustrated in the arrangement
130.

Each of the arrangements of Fig.6 may be desirable in certain electrical
configurations and with certain electrical components. The VVM 100 having the
insulative binder 50 of the present invention provides the flexibility to arrange
electrodes in different ways with respect to the substrate 110, wherein the VVM 100
docs not require an extra apparatus or housing to mechanically hold the VVM or to
electrically connect it to the conductors. For example, many VVM devices require a
housing or shell that holds the VVM in place. Many VVM’s also include a pair of
terminals disposed on the housing or shell that must be soldered to a pair of pads
formed on the surface of the substrate. From the pads, additional traces or bond wires
are required to extend to connecting signal lines or ground line.

Referring now to Fig. 7, an additional circuits or arrangements 135 and 145 are
illustrated. The arrangement 135 is similar to the arrangement 130 in that there is a
“Z” direction gap between an upper electrode 137 and a lower electrode 139, wherein
the lower electrode 139 is secured to the substrate 110. In the arrangement 135,
however, the upper electrode 137 extends laterally or horizontally away from the lower
electrode 139 and turns downwardly to attach to the substrate 110. The horizontal
offset creates a second gap. When an overvoltage occurs, the transient spike may
conduct through VVM 100 either in the “Z” direction or in an “XY” direction,
depending on which path has the lower impedance. The arrangement 135 otherwise
operates the same as the other arrangements.

The arrangement 145 is similar to the flex circuit embodiment of Fig. 5, except
the conductors 146 and 149 are disposed on rigid substrate 110. In one embodiment,
the floating conductor 147 is the ground conductor, making the arrangement a purely
“Z” direction application. In another embodiment, either of the conductors 146 and
149 is the ground conductor making the application a “Z” direction and an “XY”

direction application, wherein the voltage can discharge from one of the conductors
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146 or 149, to the floating conductor 147, and down to the other conductor, which is
the ground conductor.

Referring now to Fig. 8, a further alternative arrangement or circuit 140 is
illustrated. The circuit 140 includes two substrates 110, which may be a rigid
substrates such as FR-4 boards, or a flexible substrates, such as a polyimide or
Kapton®. A first electrode 142 is secured to the upper substrate 110, while a second
electrode 143 secures to the lower substrate 110. The electrodes 142 and 143 are
spaced apart in the “Z” direction by a quantity of VVM 100. The arrangement 140 is
useful, for example, in a flexible circuit, wherein the substrates 110 are outer layers of
Kapton® or mylar, and wherein the upper conductor 142, for example, is a signal
conductor and the lower conductor 143 is a ground conductor. Here, a multitude of
signal conductors can be applied to either the upper or lower substrates 110, wherein a
transient spike travels vertically or horizontally depending upon where the signal trace
having the transient spike is located with respect to a ground conductor.

Referring now to Fig. 9, the previons arrangements or circuits 115, 120, 125,
130, 135 and 145 are illustrated as being imbedded inside a multilayer PCB. That is,
the substrate 110 constitutes one layer of a PCB. A second substrate 144 (not to scale)
constitutes another layer of the multilayer PCB. The layer 144 is formed around the
various circuits so as to produce a smooth outer surface that is suitable for mounting
electrical components 113 and circuit board traces. The configuration of Fig. 9 is
particularly useful in that the outer surfaces of the substrates 110 and 144 are not
inhibited whatsoever by the circuit protection. The embodiment illustrated in Fig. 9
can include more than two layers, and thus the embodiment can include a multitude of
different substrates having one or more of the arrangements 115, 120, 125, 130, 135
and 145.

Referring now to Fig. 10, a similar arrangement is illustrated having the
circuits 115, 120, 125, 130, 135, and 145, wherein instead of the arrangements being
part of a multilayer PCB, the arrangements are covered by a protective coating 148.
Even though the VVM 100 self-secures to various electrodes and to the substrate 110
in certain places, it may also be desirable for a number of reasons to apply a protective
coating 148. For example, as with the flexible circuit illustrated in Fig. 5, the

conductors may be exposed at certain points and require electrical insulation. The
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protective coating 148 can be any type of coating known to those of skil! in the art. In
an embodiment, the coating includes any of the coatings described above for the
flexible circuit in Fig. 5, such as a silver ink, a dry film photo-imagable cover lay, a
spray liquid photo-imagable cover lay or a “glob-top” coating.

Devices Employing Direct VVM

Referring now to Fig. 11, the VVM 100 of the present invention may be
employed in a device. One type of device illustrated in Fig. 11 includes a variety of
connectors that comply with the Deutsches Institut fiir Normung eV (“DIN”) standards.
A circular DIN connector 150 is illustrated. It should be appreciated that the present
invention may be adapted for miniature DIN connectors, double row elongated DIN
connectors, shielded DIN connectors, etc. The present invention may be implemented
in a plug or receptacle. Vertical, horizontal and in-line connectors that attach to a
cable may also be employed. Otherwise, the DIN connector may be panel mounted.

The connector 150 includes a body 152 that is constructed of any suitable
material. The body, in both plug and receptacle implementations, secures a circular
wall 154 or a plurality of straight walls (not illustrated) that at least partially
encompass a plurality of signal conductors 156. The conductors 156 extend from a
substrate 158 in a direction that is substantially parallel with the wall 154. The wall
154 and conductors 156 plug into a mating female DIN connector as is well known.

In the illustrated embodiment, the body 152 is a plug and the conductors 156
are pins. In an alternative embodiment (not illustrated), the body is a receptacle, and
the signal conductors are sockets that receive pins from a mating connector. The
connector 150 may be configured so that the body 152 secures any number of
input/output conductors 156. One or more of the outer signal conductors 156 may be a
ground conductor. Normally, however, a separate (here central) ground or shield
ground conductor 160 is provided. In order for the illustrated embodiment to properly
shunt a transient voltage spike to the ground conductor 160, the spacing between the
input/output conductors 156 and the ground conductor 160 should be less than the
spacing between the input/output conductors 156.

In one embodiment, the substrate 158 is a PCB, such as an FR-4 board. In
another embodiment, the substrate 158 includes another type of insulative matenal,

such as a polyimide or plastic. The substrate 158 fits inside the body 152 so that the
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connector 150 may be properly placed into a mating connector. In an embodiment,
substrate 158 defines apertures that enable the conductors 156 to extend through from
a back side of substrate 158 to the illustrated front side.

At least one quantity of VVM 100 is directly adhered or cured to the substrate
158. As illustrated, the VVM 100 of the present invention directly connects the signal
conductors 156 to the ground conductor 160 without the need for traces or bond wires.
In another embodiment, one or more conductors 156 or further alternatively the
ground conductor 160 may contact an individual quantity of VVM 100, wherein one or
more traces or bond wires individually secure the VVM 100 to another VVM quantity
or to another conductor. The traces in an embodiment are copper that is etched onto
the PCB substrate 158 as is well known. The signal traces can communicate with
either or both the single signal conductors 156 and/or the ground conductor 160.

The ground conductor 160 may take several forms and is illustrated here as a
centrally located pin 160. In each configuration, the adhesive binder 50 enables the
VVM 100 to adhere directly to the metal conductors. The ground conductor 160 may
act as either a circuit ground or a shield ground, as desired.

As illustrated, at least one quantity of VVM 100 protects one or more signal
conductors 156 from a transient voltage spike. The protected connector 150 in turn
can protect other electrical devices that are cither electrically upstream or downstream
from the connector 150.

Referring now to Fig. 12, the VVM 100 having the integrally adhesive binder
50 is used with a ribbon cable connector 170. The VVM 100 can be used with any
type of ribbon cable connector, such as a male, female, straight lead, right angle,
straight lead/wire wrap and right angle/wire wrap version of a socket connector, D-
connector, PCB connector, card edge connector, dip connector, pin connector or
termination jumper. The VVM 100 may be implemented in a plug or receptacle type
of ribbon connector 170.

The ribbon connector 170 includes a body 172 that is constructed of any
suitable material and in an embodiment is plastic. The body 172, in both plug and
receptacle implementations, at least partially encompasses a plurality of conductors
176. The conductors 176 are substantially parallel with the walls of the body 172. If
the body 172 is a plug, the conductors 176 are pins. If the body 172 is a receptacle, the
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conductors 176 are sockets that receive pins. The ribbon connector 170 may secure
any number of input/output signal conductors 176. One or more of the conductors 176
may be a ground conductor. Normaily, a separate circuit ground or shield ground 186
is provided. A ground strip 187 connects to the ground pin 186 and provides the
proper spacing so that a voltage transient dissipates from one of the signal conductors
176 to the ground strip 187 rather than to another signal conductor 176.

Between the body 172 and a second mating body 178 lies a ribbon cable 180.
Ribbon cable 180 may be any suitable cable including a gray flat cable, color coded
flat cable, twisted pair flat cable and round jacketed/shielded flat cable. In the
illustrated embodiment, the second body 178 is a plug that fits over the receptacle
body 172. Pins 182 housed inside the plug body 178 pierce the insulation of the cable
180 and create electrical contact with conductors inside the cable.

In the illustrated embodiment, at least one and possibly a plurality of quantities
of VVM 100 directly secure to the receptacle body 172 and the conductors 176 via the
intrinsically adhesive property of the binder 50. The receptacle body 172 includes a
substrate 184, which can be a polymer, a PCB material such as FR-4 or a polyimide.
The VVM 100 can be applied to either the top or bottom surfaces of the substrate 184.
In an alternative embodiment, traces are applied to the substrate 184 through any
suitable method. The traces electrically connect the signal conductors 176 to the VVM
100, the VVM 100 to the ground conductor 186, or both.

As illustrated, at least one quantity of VVM 100 protects one or more signal
conductors 176 of the ribbon cable connector 170 from a transient spike That is, the
signal conductors 176 can shunt an overvoitage to the ground pin 186. The ribbon
connector 170 can in turn protect electrical devices that are either electrically upstream
or downstream from the connector 170.

Referring now to Fig. 13, the VVM 100 having the integrally adhesive binder
50 is used with a data or telecommunications connector 190. The VVM 100 can be
used with any type of data/telecom connector. In an embodiment, connector 190 is an
eight conductor R1-45 connector, commonly used in data networks, such as local area
networks (“LAN’s”), wide area networks (“WAN’s”) and the like. In another
embodiment, connector 190 is six conductor RJ-11 connector, commonly used in

residential and in certain commercial telephone systems.
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The connector 190 includes a body 192, much of which has been cut away in
Fig. 13 to show the circuit protection provided by the VVM 100. The body 192 is
constructed of any suitable material and in an embodiment is plastic. The body
secures a number of signal conductors 194. The signal conductors 194 are bent
appropriately to engage mating signal conductors of a plug (not illustrated). The plug
is inserted into the data/telecom body 192 in the direction of arrow 196. When the
plug inserts into the body 192, spring portions 198 of the signal conductors 194 bend
so that a spring force is applied to the electrical connection between mating conductors.

In the illustrated embodiment, opposing ends 202 of the conductors 194
electrically communicate directly with one or more quantities of VVM 100, which is
directly applied to substrate 204 via the intrinsically adhesive binder 50. VVM 100
directly electrically couples the signal conductors 194 to a ground conductor 206. As
above, the ground conductor 206 is properly positioned, spaced closer to each of the
signal conductors 194 than the signal conductors 194 arc to each other. In another
embodiment, the ends 202 of the conductors 194 electrically connect with traces to
which the VVM 100 adheres. In a further embodiment, the VVM 100 electrically
connects to the ends 202 of the signal conductors 194 via wire bonds.

Similarly, the VVM 100 in an embodiment, directly adheres to the ground
conductor 206. In another embodiment, the ground conductor 206 electrically
communicates with the VVM 100 via one or more traces secured to the substrate 204.
In a further embodiment, the VVM 100 electrically communicates with the ground
conductor 206 via a bond wire.

In the above described manner, one or more or all of the signal conductors 194
may be protected from a transient voltage. Because LAN’s or WAN’s typically
encompass large distances between grounding points, ESD and EOS transients
between the grounding points are serious problems. Devices such as air conditioners,
heaters, elevators, copiers and laser printers, etc., can cause high levels of spikes and
transients in buildings having LAN’s. The protected data/telecom connector 190
protects devices connected to a network through the connector 190 from transient
voltages occurring over the data lines of the network. Likewise, the connector 190
protects the data lines from an overvoltage event emanating from a device connected

to the network.
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Referring now to Figs. 14 and 15, other embodiments of the VVM 100 applied
to telecommunications connectors are illustrated. The configurations illustrated in
Figs. 14 and 15 represent any type of data/telecom connector. In Fig. 14, only the
relevant portion of the connector 210 is illustrated. The connector 210 includes a
plurality of signal conductors 212 with the bent ends 214, wherein the bent ends 214
mate with conductors or a data/ielecom plug (not illustrated) as described above. The
plug travels in the direction of the arrow 196, which inserts into the connector 210.

A body 216, cutaway for purposes of illustration, houses a shicld 218, which is
constructed of any suitable conductive material. The view of Fig. 14 is generally from
underneath the connector as it is illustrated in Fig. 13. The shield 218 therefore fits on
top of and in back of the conductors 212.

The shield defines one or more cutout spring tabs 220. That is, the thin metal
shield 218 is stamped or cut along three sides of each tab 220, wherein the tab 220 is
bent inward along the edge 222. The tabs 220 may be bent inward to any desired
angle less that 90°. When the shield 218 is placed over the conductors 212, the tabs
220 contact the conductors 212 and bend back towards 0°. The tabs 220 are therefore
biased to maintain electrical contact with the conductors 212.

A quantity of VVM 100, having the self-curing intrinsically adhesive binder 50
is directly applied to the tabs 220, between the tabs 220 and the conductors 212. The
VVM 100 acts as an open circuit in its high impedance state, so that little current
normally flows from the conductors 212 to ground 218. When an ESD transient
occurs, the VVM 100 switches to its low impedance state, so that the transient spike
shunts to the shield ground 218.

In an embodiment, a stencil is used to apply a plurality of quantities of VVM 100
to a plurality of tabs 220. In another embodiment, a stencil is used to apply 2 plurality of
quantities of VVM 100 to a single tab 220 that spring-loads and causes contact to occur
with a plurality of conductors 212. In a further embodiment, a layer of the VVM 100
material is first self-adhered to a large area of the shield 218, wherein a plurality of tabs
220 are then stamped so that each has an individual quantity of VVM 100. In yet another
embodiment, a layer of the VVM 100 is first self-adhered to a large area of the shield 218,

wherein one or more tabs 220 that each contact a plurality of conductors 212 is stamped.



—m —m —m @ @ @ @ @ @ @ @ @ @ @ @ @ ™@ ™@ o ™@P & &a & & & /& /& /&, /s, /. /&, o/, /e, o/, /e /e /e /e e /e o/ e e e e e

O

(57) JP 2005-184003 A 2005.7.7

Referring to Fig. 15, which is a side view of Fig. 14, a variation of the connector
210 of Fig. 14 is illustrated as a new connector 230. As before, the body 216 is cutaway
to reveal a portion of the shield 218. The shield 218 has been stamped so that the tab 220
bends inward along the edge 222 between the shield 218 and the conductor 212. The tab
includes a quantity of VVM 100 having the self-adhesive binder 50 of the present
invention.

The signal conductor 212 has the bent spring portion 214 that is adapted to mate
with a conductor of a plug (not illustrated), wherein the plug inserts into the connector
230 in the direction indicated by the arrow 196. In one embodiment, a coupling capacitor
232 is disposed between the VVM 100 on the tab 220 and the signal conductor 212. Tab
220, VVM 100, capacitor 232 and signal conductor 212 are connected in series in one
preferred embodiment. The capacitor 232 has a capacitance and voltage rating
appropriate to handle a DC voltage of 2500 volts. That is, the coupling capacitor 232 is
designed to block out high levels of DC voltage, such as those imposed during high
potential [HI-POT] testing, to which LAN or Ethemet systems may become exposed.

The VVM 100 also adheres to and makes electrical contact with the capacitor 232.
The capacitor 232 may also be soldered or otherwise electrically connected to the
conductor 212. The spring loading of the tab 220 also holds the capacitor 232 in place.
The order of the capacitor 232 and the VVM 100 may be reversed. It should also be
appreciated that in Figs. 14 and 15, the stamped tabs 200 may be used altematively with a
VVM device (not illustrated) that uses any VVM known to those of skill in the art.

Figs. 11 through 15 illustrate that the VVM 100, through the binder 50, can be
applied directly to a substrate, wherein the substrate is used in a piece of electrical
equipment, such as a connector. Besides the various connectors illustrated, it should be
appreciated that the substrate can be placed in other types of connectors, such as digital
video interfacing (“DVTI”) connectors, analog to digital converter (“ADC”) connectors,
etc., as well as other types of equipment, such as audio headsets, camcorders, televisions,
radios, personal email devices, computers, etc.

It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications may be made without departing from the spirit and

scope of the present invention and without diminishing its attendant advantages.
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The invention is claimed as follows:
1 A composition for providing protection against electrical overstress
comprising:

an insulating binder;

semiconductor particles with a doped core and a coating maintained on the core,
the semiconductor particles held in the binder; and

conductive particles held in the binder.

2. The composition of Claim 1, wherein the insulating binder includes a polymer

resin.

3. The composition of Claim 1, wherein the doped core includes silicon and a

dopant material.

4. The composition of Claim 3, wherein the dopant material includes at least one
component selected from the group consisting of: antimony, arsenic, phosphorous and

boron,

5. The composition of Claim 1, wherein the doped core has an average size of

about five microns to about 100 microns.

6. The composition of Claim 1, wherein the coating has an average thickness of

about 100 to 10,000 Angstroms.

7. The composition of Claim 1, wherein the coating includes at least one material

selected from the group consisting of: silicon dioxide, epitaxiat silicon and glass.

8. The composition of Claim 1, wherein the conductive particles consist

essentially of a single material.
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9. The composition of Claim 1, wherein the conductive particles include an oxide

coating.

10.  The composition of Claim 1, wherein the conductive particles include at least
one material selected from the group consisting of: aluminum, brass, carbon black,
copper graphite, gold, iron, nickel, silver stainless steel, tin, zinc and any combination

thereof.

11.  The composition of Claim 1, wherein the conductive particles have an average

size of about five microns to about fifty microns.

12.  The composition of Claim 1, which is configured and arranged to be applied

directly to a use without being encapsulated in a device.

13.  The composition of Claim 1, which is configured and arranged to be provided

in a device.

14.  The composition of Claim 1, which includes at least one additional type of
particle selected from the group consisting of: an insulative particle, a semiconductive

particle and tungsten powder,

15. A composition for protecting against electrical overstress comprising:

an insulating binder;

doped semiconductive particles held in the binder; and

conductive particles held in the binder, the conductive particles consisting
essentially of a single material, and wherein the binder, the semiconductive particles
and the conductive particles are configured and arranged to be laminated into an

electrode gap.

16.  The composition of Claim 15, wherein the doped semiconductive particles

include a core and a shell.
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17.  The composition of Claim 15, wherein the conductive particles include at least
one material selected from the group consisting of: aluminum, brass, carbon black,
copper graphite, gold, iron, nickel, silver stainless steel, tin, zinc and any combination

thereof.

18.  The composition of Claim 15, which is configured and arranged to be applied

directly to a use, without being encapsulated in a device.

19.  The composition of Claim 15, which is configured and arranged to be provided

in a device.

20. The composition of Claim 15, which includes at least one additional type of
particle selected from the group consisting of: an insulative particle, a semiconductive

particle and tungsten powder.

21. A particle for use in an clectrical overstress composition comprising:
a doped semiconductive core; and

an inert coating surrounding the core.

22.  The particle of Claim 21, wherein the doped core includes silicon and a dopant

material.

23.  The particle of Claim 22, wherein the dopant material includes at least one
component selected from the group consisting of: antimony, arsenic, phosphorous and

boron.

24.  The particle of Claim 21, wherein the doped core has an average size of about

five microns to about 100 microns.

25.  The particle of Claim 21, wherein the coating has an average thickness of about
100 to 10,000 Angstroms.
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26.  The particle of Claim 21, wherein the coating includes at least one material

selected from the group consisting of: silicon dioxide, epitaxial silicon and glass.

27. <A particle for use in an electrical overstress composition comprising:
an inner silicon portion; and
an outer portion that includes a material selected from the group consisting of:

silicon dioxide, epitaxial silicon and glass.

28.  The particle of Claim 27, wherein the outer portion is grown via a heat

controlled environment.

29.  The particle of Claim 27, wherein the outer portion is applied using a fluidized

plasma reactor.

30. A method of making an electrical overstress composition comprising the steps
of:

doping silicon to a desired resistivity;

subjecting the doped silicon to heat over a period of time to grow an oxide
layer on the doped silicon; and

mixing the resulting silicon and oxide material with a binder.

31. The method of Claim 30, which includes the step of preparing the insulative

binder by dissolving a polymer in a solvent.

32.  The method of Claim 30, which includes the step of grinding the doped silicon

to a suitable particle size.

33.  The method of Claim 30, which includes subjecting the doped silicon to a
temperature of about S00°C to about 1500°C.

34.  The method of Claim 30, which includes subjecting the doped silicon to heat

over a period of about fifteen minutes to about three hours.
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35.  The method of Claim 30, which includes subjecting the doped silicon to

multiple heat and cool intervals.

36. The method of Claim 35, which includes cooling the doped silicon under

vacuuin.

37.  The method of Claim 35, which includes mixing the resulting silicon and oxide
materials in the binder together with at least one additional component selected from
the group consisting of: conductive particles, conductive core/shell particles,

insulative particles, semiconductive particies and tungsten powder.
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1 Abstract

A voltage variable material (“VVM”) including an insulative binder that is
formulated to intrinsically adhere to conductive and non-conductive surfaces is
provided. The binder and thus the VVM is self-curable and applicable in a spreadable
form that dries before use. The binder eliminates the need to place the VVM in 2
separate device or to provide separate printed circuit board pads on which to
electrically connect the VVM. The binder and thus the VVM can be directly applied
to many different types of substrates, such as a rigid (FR-4) laminate, a polyimide or a
polymer. The VVM can also be directly applied to different types of substrates that
are placed inside a device. In one embodiment, the VVM includes doped
semiconductive particles having a core, such which can be silicon, and an inert coating,

which can be an oxide. The particles are mixed in the binder with conductive particles.

2 Representative Drawing
Fig. 2
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