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An EMI shielding/environmental gas-
ket formed of an inner conductive area (11)
and an outer, non-conductive sealing area
(14). The inner area (11) is formed of one or
more layers of electrically conductive mesh
(12) embedded into a fluoroelastomer (13)
such as a fluorosilicone. The outer layer
(14) is formed of a non-conductive fluoroe-
lastomer and is of a height equal or greater
than that of the inner area so that it forms a
good environmental seal around the perime-
ter of the conductive area when placed be-
tween two adjoining substrates.
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Conductive/Sealing Gasket

The present invention relates to a gasket which is
electrically conductive so as to provide lightning
proection, EMI shielding, and grounding and which
provides a good environmental seal. Moreover, it relates
to a fluorosilicone/wire mesh composite gasket having
good EMI/RFI shielding and lightning protection

capabilities as well as environmental sealing properties.

‘ Background of the Invention

EMI shielding is for providing protection against
interference from electromagnetic energy, including radio
frequency interference (RFI). The shielding may protect
an electronic device from external EMI and RFI or may
prevent EMI or RFI from escaping from an electrical
device, or both. Grounding is the ability to properly
terminate a panel or panels as to eliminate the threat of
EMI to or from the equipment. Lightning protection is
for the ability of the gasket to carry the full current
of a direct lightning strike in the vicinity of the
gasket. Environmental sealing is for protection against

 moisture, corrosion, dust, insects and similar ‘
environmental contamination encountered by electrical or
electronic devices when in service.

EMI gaskets and seals have been made from the
combination of rubber or elastomeric materials and metal
wires or metal filaments. These gaskets are intended to
function by thevmetal contacting the surfaces between
which the gasket is assembled to provide the EMI
shielding and the rubber or elastomeric material is
intended to provide the environmental seal when

compressed between the intended surfaces.
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Other EMI gaskets have been provided in the form
of an elastomeric binder containing electrically
conductive particles, such as copper, iron, aluminum or

nickel, coated with silver.

EMI gaskets have also been provided with a
flexible foam rubber core having a wire exterior cover on
the foam core such as a knitted or braided or otherwise
woven wire fabric cover. The foam rubber core is
intended to provide resilience to assure that the wire
cover makes good electrical contact when compressed
between the intended surfaces and is also intended to
provide an environmental seal between the intended
surfaces.

A further form has been to impregnate a wire
fabric with a gel which encapulates the mesh keeping it
from corroding.

It has been found that the above gaskets exhibit a
number of problems in actual use, including corrosion or
rusting of the metallic or wire portion and failure of
the plastic, rubber, elastomer foam or gel to provide the
desired environmental seal. In an attempt to eliminate
corrosion and rusting, some gaskets have been made of
noble metal wires, such as silver, which adds
significantly to the cost of the gasket and does not
always solve the corrosion and oxidation problems. In
some of the above gaskets, a moisture leak path exists
where the wires contact the surfaces because the rubber,
elastomer foam or gel material does not adequately seal
around and between the wires or metallic structures and
the surfaces to prevent migration of moisture into or
through the gasket area. Any migration of moisture into

or through the gasket area frequently causes corrosion of
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the metal in the gasket and the adjoining substrate as
well as other problems in the electrical or electronic
device being protected by the gasket.

It has been recognized in the art that the above
gaskets do not fulfill all the desired functions at
once. Frequently when the gaskets provide satisfactory
an EMI shield, they do not provide the desired
environmental sealing, and/or lightning protection,
and/or grounding and/or the gasket itself has or causes
corrosion problems. Alternatively when the gaskets
provide adequate environmental sealing, they frequently
do not provide the desired EMI shielding, lightning
protection and grounding. Consequently, it has also been
recognized in the art that in many cases it has been
necessary to separate the two functions and have an
exterior conventional non conductive environmental
gasket, such as an elastomeric or rubber gasket, and a
separate interior EMI gasket, such as one of those
mentioned abové. This arrangement is undesirable,
however, because it takes extra space, requires extra
design, engineering and machining and increases
installation difficulties, costs and risks of improper
installation.

In view of the above, it is an object of this
invention to provide an EMI gasket which provides
electrical shielding and provides environmental sealing
for not only the space between two surfaces but also for
the conductive components which provide the EMI shielding
in the gasket. Another object of this invention 1is to
provide a corrosion resistant gasket which need not be
made of noble metal components. Another object of this
invention is to provide a method of EMI shielding,
lightning protection, and grounding and environmentally
sealing electrical or electronic components using such a
gasket. Another objection on this invention is to
provide lightning protection for the device(s) tc which

it is applied.



WO 94/28337 PCT/US94/06171

Summary of the Invention

In one aspect, this invention provides an EMI
gasket for electrically shielding, lightning protection,
grounding and environmentally sealing the space between
two surfaces comprising:

(a) an electrically conductive deformable
structure adapted for forming electrical contact with
said surfaces and/or providing EMI shielding, lightning
protection, grounding in the space between said surfaces;
and B

(b) a nonconductive, soft, resilient
fluoroelastomer rim attached to the outer (and where
present, inner) peripheral edges of the conductive
structure so as to provide an environmental seal.

In a further aspect, this invention produces an
EMI/environmental gasket comprising an inner,
substantially planar conductive layer formed of one or
more layers of conductive mesh selected from the group
consisting of metal mesh and metal plated plastic mesh;
and a fluoroelastomer binder impregnating the mesh; and
an outer nonconductive environmental seal area bonded to
an outer periphery of the inner conductive area, the seal
area being of a thickness greater than that of the inner
layer and being formed of a fluoroelastomer.

In another aspect, this invention provides the
above gasket wherein at least a portion of the conductive
structure is positioned in a fluoroelastomer material and
the nonconductive rim is positioned so as to deform into
sealing contact with the surfaces around the metallic
structure to seal the conductive structure from the
environment when the gasket is compressed between the

surfaces.
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In another aspect, this invention provides a
method of providing EMI shielding, lightning protection,
grounding and environmental sealing the space between two
surfaces by positioning a gasket as defined above between
the two surfaces and compressing said gasket between said
surfaces to deform the conductive material and establish
electrical contact of the metallic structure with the

surfaces.

In the Drawings

Figure 1 shows a planar view of a gasket according
to the present invention.

Figure 2 shows a cross sectional view of the
portion of the gasket of Figure 1 taken along lines I-I.

Figure 3 shows a cross sectional view of the
gasket of Figure 1 in use between two substrates.

Figure 4 shows the graphical presentation of the
shielding effectiveness of the preferred embodiment of
the present invention.

Figure 5 shows the amount of corrosion in the
samples of Example 2 after 168 hours of salt fog testing.

Figure 6 shows the volume resistivity of the

samples of Example 2.
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Detailed Description

The present invention relates to an EMI
shield/environmental, lightning and grounding gasket. It
is formed of a conductive area and a nonconductive,
environmental seal area which is formed along the
periphery of the conductive area regardless of whether
the periphery is formed on the outer and/or inner
portions of the gasket.

Figure 1 shows a preferred embodiment of the
present invention. It can be used to seal a panel to an
enclosure, such as an access panel on an electrical box
or computer, or as an antenna seal on aircraft, such as
an access panel on an aircraft fuel panel or other such
equipment.

The gasket 1, as shown, has a substantially planar
conductive area 2 and in this instance, inner and outer
environmental seal areas 3A and 3B formed on the inner
and outer peripheral areas of the conductive area. A
number of attachment holes 4 are also shown although
other attachment means, such as conductive adhesives,
channels, groups, etc. can be used.

Figure 2 shows the gasket of Figure 1 in cross
section. The conductive area 11 is formed of one or more
layers of conductive mesh 12 embedded in a
fluoroelastomer 13. The fluoroelastomer may contain
conductive filler, although it is not preferred, nor
typically necessary. The environmental seal area 14 is
shown as being rounded, although other crosssectional
shapes can be used (square, rectangular, oval, etc.) The
environmental seal area has a thickness substantially the
same as that of the conductive area 11 or preferably
greater than that of the conductive area so that upon
application of a compressive force, as caused by the
attachment of one substrate to the other, with gasket
between, a complete environmental seal is established.
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Figure 3 shows the crosssection of Figure 2 in such an
application. The seal area 24 is slightly compressed or
flattened by the force applied to seal the two substrates
21, 22 together. The conductive area 23 is thereby
effectively protected from the outside elements, such as
rain, jet fuel, solvents, dust, etc.

The mesh of the present invention may be formed of
metal or a conductive plastic, such silver plated nylon
yarn or fabrics. Preferably, it is formed of a metal
fiber, such as steel, aluminum, copper or nickel or
non-noble metal plated metal such as tin plated steel
(FERREX mesh, available from Chomerics, Inc.), tin plated
aluminum, tin plated copper, nickel, or aluminum; various
alloys such as MONEL (a nickel copper alloy) or a noble
metal plated non-noble metal such as silver plated
nickel, copper, aluminum or steel mesh.

The conductive mesh may be formed as a woven
fabric, a braid or a knit or as a nonwoven fabric,
especially when a silver plated nylon is used.
Alternatively, the mesh may be an expanded metal grid
formed of any of the metals described above.

One or more layers of the mesh may be used and
they may, when multiple layers are used, be of the same
or different materials. For example, with multiple
layers, it may be desirable to have the most corrosion
resistant mesh, such as a FERREX mesh at the outer
surfaces with less corrosion resistant, but more
conductive mesh layers, such as MONEL or silver plated
aluminum mesh in between. The mesh may extend above the

- surface of the fluoroelastomer so as to establish

complete contact with the adjacent substrate.
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Alternatively, it may be equal with or slightly embedded
into the fluoroelastomer provided that sufficient
compressive force is applied so as to provide the
necessary mating with the adjoining substrates.

The fluoroelastomer may be any natural or
synthetic fluoro-containing elastomer or rubber.
Preferably, it is either a fluoroolefin, such as
polytetrafluoroethyelene (PTFE) or a fluorosilicone
rubber. The more preferred material is a fluorosilicone
due to its softness, ease of compounding, good physical
properties (moisture resistant, solvent resistant, etc.)
and cost. One such fluorosilicone is available from Dow
Corning as LS 2840 type silicone.

The seal area has a Shore A hardness of from about
40 to about 60 when cured, making it a very resilent,
easily deflectable/compressible material. This reduces
the amount of force required to obtain a good seal and
contact between the gasket and the adjoining substrates.

The seal area may be foamed or unfoamed.
Preferably, it is unfoamed. If foamed, it is preferred
that the foam be closed celled.

A number of processes can be used to form the
present invention, depending upon the final configuration
desired.

A preferred method of forming the gasket is to
take one or more layers of conductive mesh and embed or
impregnate the mesh with a fluoroelastomer, which may or
may not contain conductive fillers and form it into a
sheet. The sheet is then cut to the desired
configuration and the outer environmental seal is then
bonded to the outer edges (and where applicable the inner
edges of the gasket). A preferred method of bonding the
outer environmental seal to the conductive area is by

molding. The conductive area is placed into a mold which
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has a groove, channel or other design around the edges of
the conductive area. A fluoroelastomer, such as
fluorosilicone is then added to the mold, filling the
groove or channel and touching the edges of the
conductive area. The environmental seal is then cured so
as to be bonded to the edge of the conductive area.

An alternative is to form a mold that has the
desired gasket configuration, place the conductive mesh
into the region of the mold which will form the
conductive area and then add the fluoroelastomer to the
mold in an amount so that it encompasses both the
conductive area as well as the outer environmental seal
area.

A further method is to form the conductive area,
such as in a roll mill and separately form the
environmental seal and then bond the two together along

their edges via a separate bonding material.

A gasket, according to the present invention, was
formed by taking 8 layers of tin plated steel conductive
mesh stockings and flattening each of the layers. The
flattened layers were then laid on top of each other and
impregnated with a nonconductive fluorosilicone rubber
dissolved in a solvent. The sheet was dried and then die
cut to the desired shape. The die cut gasket was placed
into a mold and nonconductive fluorosilicone was applied
to the outer edges of the sheet. The entire sheet was
then vulcanized and bonded into a unitary structure.

The gasket was then tested according to Military Standard
Test 285, EMI Shielding, by placing the gasket around an

opening, such as a shielded room, sO as to be between
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the outer wall of the room and a coverplate which
effectively sealed the room from the outside. A
transmitter was placed outside the room about one meter
from the center of the opening and a receiver was placed
inside the room, in line with the transmitter. Values of
the signal received were measured at a range of
frequencies from 1 Mhz to 18,000 Mhz for both the
shielded and un-shielded opening. The difference between
the values at the same frequency represent the
attenuation or shielding effectiveness obtained with the
material. Figure 4 shows the results of such testing.

As can be clearly seen, the present invention provided
excellent shielding over a wide range of frequencies.

Example IT

Iin order to test for corrosion resistance, six
samples (A-F) were prepared in a manner similar to

Example I with the following differences:

A. - Mesh was formed of aluminum wire with no

outer non-conductive layer.
B. ~ Silicone material filled with conductive

silverplated aluminum particles, with no outer

non-conductive layer.

C. - Same as B, except resin material was a
fluorosilicone.
D. - Same as A, except FERREX wire was used

instead of aluminum.
E. - Same as D, except that a non-conductive

silicone layer was formed at the outer edge of the

conductive layer.
F. - Same as A, however, a non-conductive

fluorosilicone layer was formed at the outer edge of the

conductive layer.
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All of the samples were placed between two plastic
blocks, such that the top surface of the gasket touched
the lower surface of the upper plastic block, the bottom
surface of the gasket touched the upper surface of an
aluminum wafer, the bottom surface of the aluminum wafer
touched the top of a non-conductive rubber gasket, the
bottom which touched the top surface of the bottom
block. Each assembled gasket sample was then placed in a
salt fog chamber and subjected to a saturated salt fog
for 168 hours. The blocked samples were then removed and
disassembled. The aluminum wafer was then weighed and
compared to its presalt fog exposure weight. The
reduction in weight was an indication of the level of
corrosion found. Values below .5 milligrams are
considered to be acceptable. The gasket samples were
tested for volume resistivity and compared with their
pre-exposure value. Changes of less than 20%, more
preferrably 10%, were considered acceptable. Little, if
any, changes in volume resistivity was found in examples
E and F as compared to the examples A and D without the
outer non-conductive layer. Only those samples made
according to the present invention provided the desired
combination of corrosion resistance and volume
resistivty.

Figure 5 shows the corrosion values obtained for
the samples. _

Figure 6 shows the volume resistivity of the
gaskets measured before and after salt fog exposure.

The tests clearly show that those samples,
according to the present invention, had good corrosion
resistance.

While the present invention has been described in
relation to the preferred embodiments, other embodiments,
variations, and equivalents would be obivous to one
skilled in the art which is meant in the appended claims
to cover all such embodiments, variations, and
equivalents as those that fall within the true scope of

the claims.
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What is claim:

1.) A gasket comprising a conductive area formed
of one or more layers of electrically conductive mesh;
the one or more layers of mesh having a fluoroelastomer
embedded therein; the conductive area having a continuous
nonconductive environmental seal of a height the same as
or greater than that of the conductive area, bonded to an
outer peripheral edge of the conductive area.

2.) The gasket of Claim 1 wherein the gasket has
sufficient electrical conductivity so as to provide EMI
shielding properties and wherein the environmental seal
is formed of a fluoroelastomer having a shore A hardness
of from about 40 to about 60.

3.) The gasket of Claim 1 wherein the mesh is
selected from the group consisting of woven, knit,
braided and nonwoven materials and wherein the mesh is
formed of a material selected from the group consisting
of metal, metal plated metals, metal alloys and metal
plated plastic.

4.) The gasket of Claim 1 wherein the conductive
area is substantially planar.

5.) An EMI shielded structure comprising a first
electrically conductive substrate formed of metal and
metal coated composites, a second electrically conductive
substrate selected from the group consisting of metal and
metal coated composites, and an EMI
shielding/environmental gasket between the first and
second substrates, the gasket having an inner EMI
shielding conductive area formed of one or more layers of
electrically conductive mesh and a fluoroelastomer binder
and an outer sealing area formed of a nonconductive
fluoroelastomer bonded to the entire outer periphery of

the inner conductive area and being of a height that is
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equal to or greater than that of the inner layer such
that upon insertion between the first and second
substrates, the outer area is slightly deflected so as to
form and environmental seal.

6.) The EMI shielded structure of Claim 5 wherein
the conductive mesh is selected from metal and metal
plated plastic mesh.

7.) The structure of Claim 5 wherein the
fluoroelastomer is selected from the group consisting of
fluorolefins and fluorosilicones.

8.) The structure of Claim 5 wherein the
fluoroelastomer is a fluorosilicone, the conductive mesh
is a tin plated steel knitted mesh.

9.) The structure of Claim 5 wherein sealing area
has a diameter of from 40 to 60 Shore A hardness.

10.) The structure of Claim 5 wherein the sealing
area is circular in crosssection and of a height greater
than that of the inner conductive layer.

11.) An EMI/environmental gasket comprising an
inner, substantially planar conductive layer formed of
one or more layers of conductive mesh selected from the
group consisting of metal mesh and metal plated plastic
mesh; and a fluoroelastomer binder impregnating the mesh;
and an outer nonconductive environmental seal area bonded
to an outer periphery of the inner conductive area, the
seal area being of a thickness greater than that of the
inner layer and being formed of a fluoroelastomer.
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