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METHODS AND APPARATUS FOR EMI
SHIELDING

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

Morve than one reissue application has been filed for the

reissue of U.S. Pat. No. 6,870,092, The reissue applications
are the present divisional veissue application and application
Ser. No. 11/516,803, filed Sep. 5, 2006, now Reissue RE41,
594. This application is a divisional application from U.S.
reissue application Ser. No. 11/516,803, now Reissue RE41,
594, which, in turn is a reissue of U.S. Pat. No. 6,870,092,
which issued from U.S. patent application Ser. No. 10/310,
107 filed on Dec, 4, 2002, which, in turn claims the benefits of
U.S. Provisional Application Ser. No. 60/336,609, filed on
Dec. 4, 2001, and U.S. Provisional Application Ser. No.
60/378,886, filed on May 8, 2002, the disclosures of which

are incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

This mvention relates to methods of manufacturing elec-
tromagnetic 1nterference (“EMI”) shields and the EMI
shields produced thereby.

BACKGROUND OF THE INVENTION

As used herein, the term EMI should be considered to refer
generally to both EMI and radio frequency interference
(“RFI”) emissions, and the term electromagnetic should be
considered to refer generally to electromagnetic and radio
frequency.

During normal operation, electronic equipment generates
undesirable electromagnetic energy that can interfere with
the operation of proximately located electronic equipment
due to EMI transmission by radiation and conduction. The
clectromagnetic energy can be of a wide range of wavelengths
and frequencies. To mimmize the problems associated with
EMI, sources of undesirable electromagnetic energy may be
shielded and electrically grounded. Shielding i1s designed to
prevent both ingress and egress of electromagnetic energy
relative to a housing or other enclosure 1n which the electronic
equipment 1s disposed. Since such enclosures often 1nclude
vent openings and gaps or seams between adjacent access
panels and around doors, effective shielding 1s difficult to
attain, because the gaps 1n the enclosure permit transierence
of EMI therethrough. Further, in the case of electrically con-
ductive metal enclosures, these gaps can inhibit the beneficial
Faraday Cage Effect by forming discontinuities in the con-
ductivity of the enclosure which compromaise the efficiency of
the ground conduction path through the enclosure. Moreover,
by presenting an electrical conductivity level at the gaps that
1s significantly different from that of the enclosure generally,
the gaps can act as slot antennae, resulting 1n the enclosure
itsell becoming a secondary source of EMI.

Specialized EMI gaskets have been developed for use 1n
shielding small gaps 1n electronic enclosures. These include,
but are not limited to, metal spring fingers, wire mesh, fabric-
over-foam, and conductive elastomers. To shield EMI effec-

tively, the gasket should be capable of absorbing or retlecting,
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2

EMI as well as establishing a continuous electrically conduc-
tive path across the gap 1n which the gasket 1s disposed.

One particularly challenging shielding 1ssue on electronic
enclosures 1s the ventilation opening. In many enclosures,
openings that are much larger than gaps along seams and I/O
ports are intentionally placed in the enclosures to facilitate the
removal of heat. Without EMI shielding, the openings repre-
sent huge EMI leakage points. One common approach to
shielding these areas 1s to use ventilation panels, also known
as vent panels. Traditional vent panels consist of a metallic
honeycomb material mechanically assembled into a stiff
metallic frame. This assembly 1s then fastened to the enclo-
sure with some type of EMI gasketing installed along the
enclosure/vent panel interface. The vent panels can be used 1n
the as-manufactured state or they can be plated. Lower cost
vent panels, which are usually made of aluminum honey-
comb, provide lower levels of shielding effectiveness and are
not structurally robust. In applications that require a very
robust vent panel, which also provides very high levels of
shielding effectiveness, steel or brass honeycomb 1s often
used. These products, however, are much more expensive.

A key attribute of any vent panel 1s the ease of airflow
through the honeycomb, because cooling capability 1s
directly related to volume of airtlow per unit of time. Also, 1n
traditional vent panels, electrical contact 1s made by mechani-
cally crimping the metal frame against the honeycomb mate-
rial, such that the metal frame causes an indentation of the
honeycomb material along the edge of the frame. This insures
go0od electrical contact as long as the frame 1s not subjected to
severe bending or torque.

Enclosures for electronic equipment use airtlow to remove
heat from the enclosures. Honeycomb filters can be installed
in an opening on the enclosure to serve as ventilation panels.
In addition, honeycomb filters also provide EMI shielding.
Examples of commercially available honeycomb filters are
designated “Commercial Honeycomb Ventilation Panels”
and “BE 11 ALU-HONEYCOMB FILTERS” air ventilation
panels manufactured by Laird Technologies, Inc. (f/k/a
Instrument Specialties Co. and Advanced Performance Mate-
rials). Another example of commercially available honey-
comb filters are designated RF CORE honeycomb cores
manufactured by R & F Products, located in San Marcos,
Calif. Other similar commercially available ventilation pan-
¢ls are manufactured by Teckmit located in Crantord, N.J., and
Chomerics located 1n Woburn, Mass.

As shown in FIG. 1, commercially available vent panels 10
typically include a honeycomb substrate 12 and a frame 14.
The honeycomb substrate 12 1s typically made out of very
thin strips of corrugated aluminum. In most cases glue, spot
welds, or other attachment methods are used to hold the
honeycomb substrate 12 together. Piercings are often made
between the aluminum layers to improve electrical conduc-
tivity. The electrically conductive aluminum honeycomb sub-
strate 12 may optionally be covered with a conductive layer to
enhance electrical conductivity across the honeycomb sub-
strate 12. Some examples of conductive layers are an alumi-
num chromated layer or a tin plated layer. These coatings may
also be added to enhance corrosion resistance.

As shown 1n partial cross-section 1n FIG. 2, the frame 14 1s
crimped onto the honeycomb substrate 12. The frame 14
includes solid pincher fingers 16 to grip the honeycomb sub-
strate 12. The frame 14 and honeycomb substrate 12 are 1n
clectrical communication with each other so EMI emissions
captured by the honeycomb substrate 12 can be transferred
from the honeycomb substrate 12 to the frame 14 and ulti-
mately to the electronic enclosure. The design of these
pincher fingers 16 results 1n a line contact between the frame
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14 and the honeycomb substrate 12. This feature can make the
vent panel 10 susceptible to localized EMI leakage 1f twisting,

and jarring of the vent panel 10 degrades that contact area. In
addition, the need for the pincher fingers 16 1in the metal
extrusion limits how narrow the frame 14 can be manufac-
tured, typically not less than 0.25 1inch wide.

As shown i FIG. 3, the vent panel 10 1s installed 1n an
opening 18 formed 1n an enclosure 20 for electronic equip-
ment. An EMI gasket 22 1s attached to the vent panel 10 about
a perimeter thereof to seal EMI leakage paths between the
enclosure 20 and the vent panel 10.

The vent panel 10 allows air to flow through the honey-
comb substrate 12 to ventilate and cool the electronic equip-
ment 1nside the enclosure 20. As electronic applications
achieve higher clock speeds, and as electronic components
are more compactly packed in the enclosure 20, the heat
generated within the enclosure 20 increases, necessitating
higher airflow. However, airtlow through the vent panel 10 1s
limited by the presence of the frame 14. Depending on the
design of the vent panel 10, the presence of the frame 14 can
reduce airtlow through the opening 18 by about 5% to 15% or
more. Traditional frames, with the pincher finger feature,
greatly limit the ability to increase vent panel airflow due to
the minimum width requirements of the frame material.

Another problem with commercially available vent panels
10 1s that they are typically made of aluminum, which 1s not
very resilient and therefore subject to damage. The lack of
resiliency results 1 plastic deformation of the honeycomb
filter due to 1impacts that can be encountered during assembly
and field use. To ensure proper airtlow after damage, cells of
the honeycomb have to be reworked. The rework process 1s
time consuming, requiring the deformed aluminum strips to
be bent to open the cells. Even with rework, there 1s typically
degradation of tlow through the vent panel 10. In addition, the
rework often results 1n an aesthetically undesirable appear-
ance. There 1s a need for a honeycomb filter with improved
airtlow capability and improved durability.

SUMMARY OF INVENTION

One purpose of this invention 1s to provide improved dura-
bility to EMI shielding honeycomb filters. Another purpose of
this 1nvention 1s to provide improved airflow through EMI
shielding honeycomb filters.

In one aspect, the invention relates to a vent panel adapted
to shield against EMI, the vent panel including a dielectric
panel having a thickness defined by a first side and a second
side. The dielectric panel defines a number of apertures. The
vent panel also includes a first electrically conductive layer
applied to the dielectric panel. The resulting conductively
coated, or metallized, dielectric panel attenuates a transier of
clectromagnetic energy from a first side of the panel to a
second side of the panel.

In one embodiment, the dielectric panel 1s formulated from
a polymer, such as acrylonitrile-butadiene-styrene (ABS),
polycarbonates, polysulfones, polyamides, and polypropy-
lenes. In another embodiment, the dielectric panel includes a
plurality of tubes or other shapes fastened together. In another
embodiment, the dielectric panel includes a plurality of tubes
or other shapes co-extruded together. In yet another embodi-
ment, the dielectric panel 1s manufactured by injection mold-
ing.

In one embodiment, the electrically conductive layer
includes a first layer selected from the group consisting of
copper, nickel, tin, aluminum, silver, graphite, bronze, gold,
lead, palladium, cadmium, zinc and combinations thereof. In
another embodiment, the electrically conductive layer
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4

includes a second electrically conductive layer, which may
consist of the same or a different conductive material 1n

clectrical communication with the first electrically conduc-
tive layer.

In one embodiment, the plurality of apertures are config-
ured as a two-dimensional array of like apertures, each aper-
ture having a cross-sectional shape, such as a circle, a hexa-
gon, a rectangle, etc. The vent panel includes a conductive
edge extending substantially about the perimeter, being
adapted for placing the vent panel into electrical communi-
cation with the chassis 1n which the vent panel 1s mounted. In
some embodiments, the conductive edge also mechanically
secures the vent panel within an aperture 1n the chassis. For
example, the conductive edge can include resilient spring
fingers, dimples, and combinations of these provided along a
band extending about the perimeter. The resilient spring fin-
gers and dimples compress against an opposing mating sur-
face of the chassis upon 1nstallation, thereby providing elec-
trical contact.

In another aspect, the mvention relates to a method for
manufacturing a vent panel adapted to shield against EMI.
The suitably adapted vent panel 1s manufactured by providing
a dielectric panel having a thickness defined by a first side and
a second side, and defining an array of apertures. A first
clectrically conductive layer 1s applied to the dielectric panel.

In one embodiment, a first conductive layer 1s applied using
one or more of electroless plating, radio-frequency sputter-
ing, direct-current sputtering, or physical deposition. In some
embodiments, a second electrically conductive layer 1is
applied using the same or a different plating method.

In one embodiment, the dielectric panel 1s provided by
fastening a number of dielectric tubes together. In another
embodiment, the dielectric panel 1s provided by co-extruding
together a number of tubes. In another embodiment, the
dielectric panel 1s provided by injection molding. And, 1n yet
another embodiment, the dielectric panel 1s provided by
machining.

In one embodiment, the conductively coated dielectric
panel 1s tapered to provide a snug mechanical fit also having
g00d electrical contact. In another embodiment, the dielectric
panel 1s selectively cut along 1ts edges to provide a “spring-
finger” action that together with whole cells along 1ts perim-
cter provides a snug fit by compressing the cells and/or por-
tions of cells along 1ts perimeter. In another embodiment, a
conductive strap having compressible fingers and/or dimples
1s applied to the perimeter of the metallized dielectric vent
panel such that the compressible fingers [an/or] ard/or
dimples make contact with an opposing surface, for example
a chassis, thereby providing a snug mechanical fit and good
clectrical contact.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further advantages of this invention may be
better understood by referring to the following description,
taken 1n conjunction with the accompanying drawings, in
which:

FIG. 1 1s a schematic drawing of a conventional aluminum
air filter;

FIG. 2 1s a schematic drawing of a partial cross-section of
an aluminum honeycomb substrate and a frame for the con-
ventional aluminum air filter;

FIG. 3 1s a schematic drawing of the conventional alumi-
num air filter installed 1n an opening in an enclosure for
clectronic equipment;

FIG. 4 1s a schematic drawing depicting a perspective view
of a cross-section of a metallized dielectric honeycomb filter;
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FIG. 5 1s a flow diagram 1illustrating an embodiment of a
process for preparing certain embodiments of the invention;

FIG. 6A 1s a schematic drawing of another metallized
dielectric honeycomb filter;

FIG. 6B 1s an exploded view of a cell from the metallized
dielectric honeycomb filter 1n FIG. 6A;

FIG. 7A 1s a schematic drawing of a metallized dielectric
honeycomb filter installed horizontally in an opening in an
enclosure for electronic equipment;

FI1G. 7B 1s a cross-section of the metallized dielectric hon-
cycomb filter installed horizontally 1n an opening 1n an enclo-
sure for electronic equipment taken along section 7B-7B of
FIG. 7TA;

FIG. 7C 1s a schematic drawing of a metallized dielectric
honeycomb filter, angled 1n the thickness direction, installed
vertically 1n an opening 1n an enclosure for electronic equip-
ment;

FI1G. 7D 1s a cross-section of the metallized dielectric hon-
ceycomb filter, angled in the thickness direction, installed ver-
tically in an opening 1n an enclosure for electronic equipment

taken along section 7D-7D of FIG. 7C;

FI1G. 7E 1s a cross-section of an alternative embodiment of
the metallized dielectric honeycomb filter having a rabbet
edge along its perimeter, installed vertically 1n an opening 1n
an enclosure for electronic equipment taken along section

7D-7D of FIG. 7C;

FIG. 7F 1s a schematic drawing of metallized dielectric
honeycomb filters, angled 1n the thickness direction, installed
vertically and another filter installed horizontally 1n an enclo-
sure for electronic equipment;

FIG. 7G 1s a schematic drawing of a tapered metallized
dielectric honeycomb filter installed horizontally 1n an open-
ing in an enclosure for electronic equipment;

FIG. 7H 1s a cross-section of the tapered metallized dielec-
tric honeycomb filter installed horizontally 1n an opening in
an enclosure for electronic equipment taken along section
7H-7H of FIG. 7G;

FIG. 71 1s a schematic drawing of a tapered metallized
honeycomb filter installed horizontally 1n one opening in an
enclosure for electronic equipment;

FIG. 8A 1s a schematic drawing illustrating a top view of a
band frame surrounding a metallized dielectric honeycomb
vent panel 1n which the band frame has horizontal spring
fingers;

FI1G. 8B 1s a schematic drawing illustrating a front view of
the band frame 1n which the band frame has horizontal spring,
fingers;

FI1G. 8C 1s a schematic drawing 1llustrating a side view of
the banded frame 1n which the band frame has horizontal
spring fingers;

FI1G. 8D 1s a schematic drawing illustrating a front view of
an alternative band frame in which the band frame has vertical
spring fingers;

FIG. 8E 1s a schematic drawing illustrating a side view of
the alternative frame 1n which the band frame has vertical
spring fingers;

FIG. 8F 1s a schematic drawing 1llustrating a top view of a
band frame surrounding a metallized dielectric honeycomb
vent panel in which the band frame has elongated dimples;

FI1G. 8G 1s a schematic drawing illustrating a front view of
the band frame in which the band frame has elongated
dimples;

FIG. 8H 15 a schematic drawing 1llustrating a side view of
the band frame in which the band frame has elongated
dimples;
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FIG. 81 1s a schematic drawing illustrating a top view of an
alternative band frame surrounding a metallized dielectric

honeycomb vent panel 1n which the band frame has circular
dimples;

FIG. 8] 1s a schematic drawing illustrating a front view of
the alternative band frame 1n which the band frame has cir-
cular dimples;

FIG. 8K 1s a schematic drawing 1llustrating a top view of a
metallized dielectric honeycomb vent panel surrounded by a
slim profile frame in which the frame has small horizontal
edge tabs and spring fingers;

FIG. 8L 1s a schematic drawing illustrating a front view of
the slim profile frame 1n which the frame has small horizontal
edge tabs and spring fingers;

FIG. 8M 1s a schematic drawing illustrating a side view of
the slim profile frame 1n which the frame has small horizontal
edge tabs and spring fingers;

FIG. 9 1s a schematic drawing illustrating a side view of an
embodiment of a metallized dielectric honeycomb vent panel
surrounded by a compressible elastomer EMI gasket;

FIG. 10 1s a plot of EMI shuelding test results for metallized
dielectric honeycomb filters in accordance with certain
embodiments of the invention; and

FIG. 11 1s aplot of airflow test results for metallized dielec-
tric honeycomb filters in accordance with certain embodi-
ments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, honeycomb filters used
for airflow and EMI shielding can have improved airtflow and
durability through the use of a metallized dielectric honey-
comb substrate and a frameless filter design. Metallized
dielectric honeycomb substrate utilized in a reduced frame
design can also be used to provide even greater durability
along with increased airtlow.

FIG. 4 shows 1n perspective view, a cross-section of one
embodiment of a metallized dielectric honeycomb filter 50.
The metallized dielectric honeycomb f{ilter 50 includes a
dielectric honeycomb substrate 52 and a conductive layer 54.
As used herein, the term honeycomb refers to a two-dimen-
sional array of apertures of arbitrary cross-section. The aper-
ture cross-section can be any shape, such as hexagonal, cir-
cular, elliptical, square, rectangular, triangular, rhomboidal,
or other, and combinations thereot. The dielectric honeycomb
substrate 32 1s selected to provide significantly improved
resiliency as compared to conventional aluminum honey-
comb {ilters. Due to the improved resiliency, the dielectric
honeycomb substrate 52 1s much less likely to be deformed
permanently under load or impact conditions that can be
encountered during assembly and normal operation. By mini-
mizing the possibility of deforming through the use of the
dielectric honeycomb substrate 52, much of the rework
required to {ix damaged aluminum honeycomb filters 1in order
to maintain proper airtflow through the filter 1s thereby elimi-
nated.

The dielectric honeycomb substrate 52 can be made out of
any dielectric matenial, such as plastic. For example, some
materials that can be used for the dielectric honeycomb sub-
strate 52 are acrylonitrile-butadiene-styrene (ABS), polycar-
bonates, polysuliones, polyamides, polypropylenes, polyeth-
ylene, and polyvinyl chloride (PVC). Additionally, other
dielectric materials may be used such as fiberglass and paper
products, such as aramid (e.g., Kevlar®) sheets, and aramid
fiber paper. Dielectric honeycomb substrates are commer-
cially available. For example, Kevlar® honeycomb cores

(e.g., Ultracor part no. PN UKF-85-1/4-1.5), carbon honey-
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comb cores (e.g., Ultracor part no. UCF-145-3/8-0.8) are
commercially available from Ultracor Inc., located in Liver-
more, Calif., Aramid fiber honeycomb cores (e.g., Hexcel part
no. PN HRH-10), fiberglass honeycomb cores (e.g., Hexcel
part no. HRP) are commercially available from Hexcel Corp.,
located 1n Danbury, Conn., and polypropylene honeycomb
cores (e.g., Plascore part no. PP30-3) are commercially avail-
able from Plascore, Inc., located 1n Zeeland, Mich.

The dielectric honeycomb substrate 52 can have cells 53
s1zed to meet a particular application. The substrate 52 can be
described as having an overall length, L, and an overall width,
W. The dimensions L and W are typically determined by a
particular application, generally matching the dimensions of
an aperture to be shielded. Each one of the cells 53 can be
described as having a cross-section diameter, d, and a thick-
ness, t. The dimensions (d, t) for a cell 53 are generally
selected to provide a predetermined level of EMI perfor-
mance, often referred to as shielding effectiveness. Each cell,
in essence, represents a waveguide that will generally pass
EMI having wavelengths, (A-,,), less than a cutoll wave-
length, A _, (1.e., high frequencies) while rejecting EMI having
wavelengths greater than A _ (1.e., low frequencies).

A general relationship, presented in equation 1, can be
defined for approximating the shielding eflectiveness in
terms of the above geometric parameters, for an individual
cell, measured 1n decibels (dB). A geometry-dependent con-

stant K 1s approximately 32 for circular cells, and 27 for
rectangular cells.

t a
Shielding Effectivenesg, ~ Ka\/(l,w.r JAD* —1 (Equation 1)

Typically, the cell diameter, d, can range from about 0.06
inches to about 1.0 inch, while the cell thickness, t, can range
from about 0.125 inch to 1.5 inches with common depths of
0.25 inch to 1 inch.

The density of the dielectric honeycomb substrate 52 can
range from about 2 Ib/ft> to about 20 1b/ft’. By selecting a
lower density dielectric honeycomb substrate 52, the flexibil-
ity of the dielectric honeycomb substrate can be increased,
which generally decreases spring force in the honeycomb
substrate 52. Typical wall thickness range [of] from 0.002
inch to 0.05 1nch, but are not limited to this range. For appli-
cations where a more rugged dielectric honeycomb substrate
52 1s required, a higher density dielectric honeycomb sub-
strate 52 or a different honeycomb geometry can be selected.

To manufacture a vent panel according to the invention, in
one embodiment referring now to FIG. 5, a dielectric vent
panel, such as the honeycomb substrate 52 described above, 1s
provided (step 60). The honeycomb substrate 52 can be pre-
pared by extrusion or by molding (e.g., injection molding) as
an integral element. Such molding techniques are well
adapted for polymer substrates. Alternatively, the honeycomb
substrate 52 can also be manufactured by bonding or other-
wise attaching together a plurality of corrugated strips. Such
bonding techniques are well adapted to substrates formed
from a fibrous material, such as paper, as well as polymer
substrates. Alternatively, a number of tubes, each tube form-
ing one of the cells 53, can be fastened together 1n a planar
array, such that a longitudinal axis of each of the tubes is
generally parallel with the axes of 1ts neighboring tubes. The
fastening could be achieved using a chemical bond, such as a
glue, a thermal weld, or a mechanical bond, such as a crimp.
The honeycomb substrate 52 can also be manufactured by
other methods, such as machining a sheet of the substrate
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matenal, for example by boring each of the cells 53 using a
drill, or cutting each using a die.

Next, the dielectric honeycomb substrate 52 can be shaped
into any desired configuration (step 62). For example, a pla-
nar dielectric substrate 52 can be configured in any desired
planar shape, such as a square, a rectangle, a circle, etc.,
having predetermined dimensions to conform to an intended
aperture. Such overall shaping can be performed during the
manufacturing stage o the substrate 52, for example by selec-
tively altering the shape of a mold, or extruder. The shaping
can also be performed post-manufacturing. For example, the
substrate 52 can be cut using a knife, a saw, shears, a laser, or
a die. Additionally, certain dielectric substrates, such as poly-
mers, lend themselves to a variety of machining techniques.
For example, a dielectric honeycomb substrate 32 can be
machined to shape one or more of 1ts edges along 1ts perimeter
to include a bevel, or a rabbet. Still further, the dielectric
substrate 52 can be shaped to include a convex or concave
surface or indentation over a portion of either or both of 1ts
planar surfaces. Such a planar surface deformation may be
desired, to accommodate a mechanical fit.

In order to provide EMI shielding, a conductive layer 54 1s
applied to the dielectric honeycomb substrate 52, resulting 1n
the metallized dielectric honeycomb filter 50. In one method,
a first conductive layer 1s applied to the dielectric honeycomb
substrate 52 (step 64). The first conductive layer can be
applied using a variety of techniques known to those skilled 1n
the art, such as electroless plating or physical vapor deposi-
tion. See, for example, U.S. Pat. No. 35,275,861 1ssued to
Vaughn and U.S. Pat. No. 5,489,489 1ssued to Swirbel et al.,
the disclosures of which are herein incorporated by reference
in their entirety. For example, a conductor, such as copper, can
be applied using an electroless bath as taught by Vaughn.

The electroless bath method 1s particularly well suited for
a class of polymers known as plateable plastics. This class of
plastics 1includes acrylonitrile-butadiene-styrene (ABS) and
polycarbonates, along with other polymer compounds, such
as polysulfones, polyamides, polypropylenes, polyethylene,
and polyvinyl chloride (PVC). Generally, the dielectric hon-
eycomb substrate 52 should be pretreated to remove any
impurities (e.g., dirt, and oil). Depending on the type of
matenal, the substrate 52 may be treated still further to
enhance 1ts adhesion properties with the 1nitial conductive
layer. For example, the surface can be abraded by mechanical
means (€.g., sanding or sandblasting) or by a chemical means
(e.g., by using a solvent for softening or an acid for etching).
A chemical pretreatment can also be added to alter the chem-
1stry of the surface, further enhancing its ability to chemically
bond to the first layer.

Other methods of applying the first conductive layer
include applying a conductive paint, such as a lacquer or
shellac impregnated with particulate conductors, such as cop-
per, silver, or bronze. Still other methods of applying the first
conductive layer include physical deposition, such as evapo-
ration, non-thermal vaporization process (e.g., sputtering),
and chemical vapor deposition. Sputtering techniques
include radio-frequency (RF) diode, direct-current (DC)
diode, triode, and magnetron sputtering. Physical vapor depo-
sition 1ncludes such techniques as vacuum deposition, reac-
tive evaporation, and gas evaporation.

Depending on the desired thickness and/or coverage, the
step of applying the first conductive layer can be optionally
repeated (step 66), such that one or more additional conduc-
tive layers, being made of substantially the same conductor,
are applied to the previously-treated substrate 32, thereby
increasing the thickness of the layer. In repeating the appli-
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cation of the conducting layer, generally the same method of
plating can be used; however, a different method can also be
used.

Generally, any conductive material can be used for the
conductive layer 54. Some examples of metals that can be
used for the conductive layer 34 are copper, nickel, tin, alu-
minum, silver, graphite, bronze, gold, lead, palladium, cad-
mium, zinc and combinations or alloys thereot, such as lead-
tin and gold-palladium. The conductive layer 34 can also be
applied directly as a conductive compound. For example, the
substrate 32 can be treated with a single electroless bath
having both copper and nickel. The resulting conductive layer
54 1s a compound of both copper and nickel.

Optionally, more than one type of conductive layer can be
applied to the honeycomb substrate 52 (step 68). For
example, after the mmitial conductive layer 54 has been
applied, one or more additional conductive layers of the same,
or different material, can be applied using electroless plating,
clectrolytic plating, physical vapor deposition, or other meth-
ods known to those skilled 1n the art (step 70). Electrolytic
plating would generally be available for applying subsequent
conducting layers, as the imitial conducting layer would pro-
vide the requisite surface conductivity.

In one embodiment, a second conductive layer of nickel 1s
applied over a first conductive layer of copper, the copper
providing a relatively high electrical conductivity and the
nickel providing a corrosion resistant top coat. As with the
initial conductive layer 54, and for similar reasons, the second
type of conductive coating can be optionally reapplied until a
desired thickness 1s achieved.

Additional layers of coating or treatment of still other
different types of conductive, or even non-conductive mate-
rials can be optionally applied to the metallized dielectric
honeycomb filter 50 (step 72). For example a fire retardant, a
mildew 1nhibitor, or an anti-corrosion treatment can be
applied to the metallized dielectric honeycomb filter 50.
These coatings can be selectively applied either covering the
entire surface, or any portion thereof. For example, the met-
allized dielectric honeycomb filter 50 can be completely
immersed 1n a fire retardant, or selectively treated with a
corrosion inhibitor, using a masking technique such that a
perimeter of the filter 30 remains untreated, thereby avoiding
any reduction 1n the quality of the achievable electrical con-
tact.

Further, the metallized, treated filter 50 can again be
shaped, as required, by any of the previously disclosed tech-
niques (step 74). Also, an edge treatment can be optionally
applied to the perimeter or mounting surface of the filter 50
(step 76). Particular edge treatments include commercially
available EMI gaskets, including metallized spring fingers,
conductive fabrics, conductive elastomers, wire mesh, con-
ductive foam, and conductive fabric coated elastomers.

FIG. 6 A shows another embodiment of metallized dielec-
tric honeycomb filter 50. In this embodiment, the dielectric
honeycomb substrate 32' 1s formed by a plurality of tubes 55,
which can be co-extruded together. In another embodiment,
the plurality of tubes 535 can be bonded together. This type of
structure could also be produced by injection molding or
similar plastic manufacturing processes. The dielectric hon-
cycomb substrate 52' 1s then metallized as previously

described.

FIG. 6B 1s an exploded view of a cell 53' from FIG. 6 A,
which shows the conductive layer 54 on the dielectric honey-
comb substrate 52' of cell 53'. Again, the conductive layer 54
can be applied by any of the techniques previously described.

In order to provide improved airtlow, reduce costs, and
simplity manufacture, the metallized dielectric substrate 50,
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referring again to FIG. 4, does not have a frame, so that a
larger percentage of the surface area of the metallized dielec-
tric substrate 50 can accommodate airtlow through the open-
ing 18 in the enclosure 20. The metallized dielectric honey-
comb filter 50 can be easily cutto fit the size of the opening 18
in the enclosure 20. Alternatively, the dielectric honeycomb
substrate 52 can be cut to size prior to adding the conductive
layer 54. Cutting the metallized dielectric honeycomb filter
50 through the cells 33 results 1n partial, open sided honey-
comb cells 86 bounded in part by cell walls forming resilient
spring fingers 88. The resilient spring fingers 88 elastically
deform when the filter 50 1s installed so as to both ensure
clectrical contact with the enclosure 20 and hold the metal-
lized dielectric honeycomb filter 50 firmly 1n place. Thus, the
spring fingers 88 form a conductive edge extending substan-
tially about the perimeter of the filter 50 for placing the filter
50 1nto electrical communication with the enclosure 20.

The cylindrical tubes 55 that make up the cells 33 of the
metallized dielectric honeycomb filter 50, shown in FIG. 6 A,
can also be made very flexible so as to elastically deform
when the metallized dielectric honeycomb filter 50 1s
installed and thereby ensure electrical contact with the enclo-
sure 20. Electrical contact 1s ensured with the resilient spring
fingers 88' formed by cutting cells 53' on the perimeter of the
metallized honeycomb filter 50. In addition, by eliminating
the conventional {frame, the costs associated with manufac-
turing the filter are reduced.

The cells 33 can be cut along their diameter, leaving an
approximately semicircular cell portion, as shown. Alterna-
tively, the cells 53 can be cut leaving either a greater or lesser
amount of the cell wall to form a spring.

FIG. 7A shows how the metallized dielectric honeycomb
filter 50 would be installed 1n a channel 91 located 1 an
clectronics cabinet in a horizontal mounting configuration. A
door member or final cap 92 encloses the metallized dielectric
honeycomb filter 50 1n the channel 91. In this configuration,
all of the mounting surfaces of the cabinet and vent panel are
orthogonal. The metallized dielectric honeycomb filter 50 can
be sized such that the resilient spring fingers 88 elastically
deform and fit snugly 1n the channel 91 to ensure a tight fit and
good electrical contact. By using the channel 91 integrally
formed in the enclosure 20, the need for a separate EMI gasket
between the filter 50 and enclosure 20 1s eliminated. FIG. 7B
1s a cross-section of the metallized dielectric honeycomb
filter 50 1nstalled horizontally 1n the opening 1n an enclosure
for electronic equipment taken along section 7B-7B of FIG.
TA.

In yet other embodiments, shown 1n FIG. 7C-71, the open-
ing 18 can be tapered either vertically (having different sur-
face areas comparing from top to bottom), or horizontally
(having different width measurements comparing the front
and rear edges). In a vertical configuration, shown in FI1G. 7C,
the frameless metallized dielectric honeycomb filter S0 wall
have a taper along its thickness, which would be similar to the
taper in the cabinet wall. The metallized dielectric honey-
comb filter 50 would be inserted into the tapered cabinet
opening (alternatively, the cabinet can include non-tapered,
or straight edges) at about a 90 degree angle to the plane of the
opening until an intimate compression fit (similar to a cork) 1s
achieved. Stops can optionally be placed above and/or below
the vent panel to keep it in place during usage. FIG. 7D
illustrates a cross-section of the metallized dielectric honey-
comb filter 50, angled in the thickness direction, installed
vertically 1n an opening 1n an enclosure for electronic equip-
ment taken along section 7D-7D of FIG. 7C. FIG. 7E illus-
trates an alternative embodiment in which the perimeter of the
filter 50' 1s shaped to provide a rabbet edge 94 to accommo-
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date a suitable mating surface 91'. Again, stops can optionally
be placed above the vent panel to keep it 1n place during
usage. FIG. 7F shows the metallized dielectric honeycomb
filter 50, with taper or a rabbet along 1ts thickness, installed on
the top surface 20A, and a wall 20B of an electronic equip-
ment enclosure 20.

FIG. 7G shows the horizontal configuration, where the
frameless metallized dielectric honeycomb filter 50 will have
a taper along 1ts length, which 1s similar to a taper 1n a cabinet
channel 91 adapted for receiving a tapered filter 50. As 1llus-
trated, the filter 50 has a first width W, along a front edge, and
a different second width, W, along a rear edge. The metal-
lized dielectric honeycomb filter S0 1s inserted into the cabi-
net channel 91 1n the place of the filter and along the channel
ax1s until the metallized dielectric honeycomb filter 50 1s snug
along both side walls 93' and rear wall 93". A final cap or door
member 92 can be clamped or otherwise attached over the
metallized dielectric honeycomb filter 50 to seal the final side.
FIG. 7TH illustrates a cross-section of the tapered metallized
dielectric honeycomb filter 50 installed horizontally in an
opening 1n an enclosure for electronic equipment taken along
section 7H-7TH of FIG. 7G. FIG. 71 illustrates a metallized
dielectric honeycomb filter 50 with a taper along 1ts length
installed 1n an electronic equipment enclosure 20.

In other embodiments, shown in FIGS. 8A-8M, a band
frame or slim profile frame 96', 96", 96'', 96"", generally 96,
1s added to the metallized dielectric honeycomb filter 50. In
the band frame configuration, shown 1n FIGS. 8 A-8M, a flat
metal strip 98', 98", 98'", 98", generally 98, with numerous
spring fingers 100, 100", generally 100, (FIGS. 8A-8E) or
dimples 101", 101", generally 101, (FIGS. 8F-8]) along 1ts
length 1s wrapped tightly around the perimeter of the metal-
lized dielectric honeycomb filter 530 on its thickness side
forming a band 96', 96", 96", 96"" generally 96. The band 96
on 1ts 1nterior, tlat side, compresses the metallized dielectric
honeycomb filter 50 along 1ts thickness to create good elec-
trical contact, while the spring fingers 100/dimples 101 on the
opposite, exterior side of the band 96 make good electrical
contact with the cabinet (generally attaining a resistance
value below some predetermined desirable threshold value).
The features on the band 96 are oriented appropriately
depending on whether the metallized dielectric honeycomb
filter 50 1s mserted vertically (FIGS. 8D and 8E) or horizon-
tally (FIGS. 8B and 8C) with respect to a cabinet opening.
The benefit of this band frame 96 1s that it leaves the airflow
surface of the metallized dielectric honeycomb filter 50 vir-
tually unblocked while increasing the tlexibility of the vent
panel.

FI1G. 8B is a schematic drawing illustrating a front view of
one side of the band frame [96] 96'of FIG. 8 A, where the band
frame has horizontal spring fingers 100'. FIG. 8C 1s a sche-
matic drawing illustrating a side view of one side of the band
frame 96' of FIG. 8A. Similarly, FIG. 8D 1s a schematic
drawing 1llustrating a front view of a band frame 96" (not
shown with metallized dielectric honeycomb filter 50), where
the band frame has vertical spring fingers 100", attached, for
example, to a band 98 at one end and orniented for vertical
insertion. FIG. 8E 1s a schematic drawing illustrating a side
view of the band frame 96" of FIG. 8D.

FI1G. 8G 1s a schematic drawing illustrating a front view of
the band frame 96'" of FIG. 8F, where the band frame 96" has
clongated conductive protrusions, or dimples 101", extending
outward from the perimeter. FIG. 8H 1s a schematic drawing
illustrating a side view of the band frame 96™ of FIG. 8H 1n
which the band frame 96 has elongated dimples 101'. Simi-
larly, FIG. 81 1s a schematic drawing illustrating a front view
of a band frame 96"" (not shown with metallized dielectric
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honeycomb filter 50), where the band frame 96™"" has circular
dimples 101" formed, for example, within a band 98"". FIG.

8H 15 a schematic drawing 1llustrating a side view of the band
frame 96"" of FIG. 8I.

In yet another embodiment, in a slim frame configuration,
shown in FIG. 8K, the band [99] 98 uses a band frame 96 and

incorporates narrow features or tabs 102 that wrap around the
metallized dielectric honeycomb filter 50 on its top and/or
bottom surface a small amount, such as less than about 0.25
inch. Additionally, the tabs 102 can be cut away in substantial
areas, such that they only wrap around portions of the metal-
lized dielectric honeycomb filter 50 on 1ts top and/or bottom
surface. This embodiment provides additional support for the
metallized dielectric honeycomb filter 50 while only reducing,
the airflow surface by a small amount.

FIG. 8L 1s a schematic drawing illustrating a front view of
one side of the band frame 96 of FIG. 8K, where the band
frame has tabs 102 that are fashioned to bend such that when
bent inward 90 degrees about either surface of the filter 50, the
tabs secure the band frame 96 to the filter 50. FIG. 8M 1s a
schematic drawing 1llustrating a side view of one side of the
band frame 96 of FIG. 8L.

In yet further embodiments, the band frame 96 may be
constructed from any conductive material that maintains
maximum air flow area through the dielectric honeycomb
filter 50, but 1n addition to being electrically conductive, can
also help to accommodate variations in dimensional toler-
ances during insertion of the dielectric honeycomb filter 50
into the cabinet 20. Dimensional tolerances between the
dielectric honeycomb filter 50 and the enclosure 20 can be
accommodated, for example, by using conductive foam, con-
ductive fabric, or conductive fabric wrapped foam for the
band material. These band materials create good electrical
contact just like a metal band, but unlike a metal band, these
band materials have a much lower compression force and are
more compliant allowing them to readily accommodate tol-
crance variations between the metallized dielectric honey-
comb filter 50 and the cabinet 20. Conductive fabric wrapped
foams and conductive foams can be obtained from Laird
Technologies, Inc., located in Delaware Water Gap, Pa.

In one embodiment, 1llustrated in FIG. 9, the conductive
foam or the conductive fabric wrapped foams 104 for use as a
band 98 can be slit or manufactured into strips that are
approximately as wide or wider as the metallized dielectric
honeycomb filter 50 1s thick. The strips of these band mate-
rials 104 can then be applied to the perimeter of the metallized
dielectric honeycomb filter 30 by using an adhesive attach-
ment method, such as pressure sensitive adhesive or glue 106,
to form a complete band around the periphery of the metal-
lized dielectric honeycomb filter 50. The thicknesses of these
band materials can vary from about 0.5 millimeter to about 10
millimeter, or as needed to {ill the gaps between the metal-
lized dielectric honeycomb filter S0 and the enclosure 20.
These band materials 104 have the advantages of being elec-
trically conductive, flexible and easily compressed, making
them useful as an EMI seal/gasket between the metallized
dielectric honeycomb filter 50 and the cabinet 20. This allows
the EMI radiation induced electrical currents to flow readily
from the metallized dielectric honeycomb filter 50 through
the band material, to the cabinet 20, and then finally to
ground. The compressible foam material f1lls the gaps and
maintains a good compression fit between the metallized
dielectric honeycomb filter 50 and the cabinet 20, while seal-
ing any surface discontinuities, seams, and gaps that could act
as EMI leakage points.
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As readily understood by those skilled 1n the art, many
different configurations can be used to contain the metallized
dielectric honeycomb filter 50 in the enclosure 20.

The metallized dielectric honeycomb filter 50 provides
improved airflow while meeting stringent flammability stan-
dards. [Once] One such flammability standard is the UL94
Vertical Flame Test, described 1n detail in Underwriter Labo-
ratories Standard 94 entitled ““Iests for Flammability of Plas-
tic Materials for Parts in Devices and Appliances,” 57 Edi-
tion, 1996, the disclosure of which 1s incorporated herein by
reference 1n 1ts entirety. The metallized dielectric vent panels
50 according to the invention are able to achieve VO flame
rating, as well as V1 and V2 vertical ratings described 1n the
standard.

EMI shielding effectiveness and airflow test data for a
metallized dielectric honeycomb filter 1n accordance with
certain embodiments of the invention are shown respectively
in FIGS. 10 and 11. The filter tested for shielding effective-
ness 1s made of a polycarbonate polymer with a plating of
nickel over copper. The test panel 1s about 0.5 inches thick,
with a cell size of about 0.125 inches, and a density of about
4 1b/ft°. The nickel layer is about 5-10 micro inches thick and
was applied by electroless plating. The copper layer 1s about
20-50 micro inches thick and was applied by electroless plat-
ing. FIG. 10 shows that in the frameless configuration, the
metallized dielectric honeycomb filter provides a range of
about 80-90 dB of shielding effectiveness up to 1 GHz. In the
framed configuration, the nickel over copper metallized
dielectric honeycomb filter provides a range of about 40-60
dB of shielding effectiveness up to 1 GHz. FIG. 10 also
provides test results for traditional aluminum honeycomb
vent panels with different finishes (bare and chromated). The
aluminum vent panels with no plating and with chromate

finish provide only 30-40 dB of shuelding effectiveness up to
1 GHz.

The filters tested for airtlow effectiveness are the standard
aluminum honeycomb and two different polycarbonate poly-
mer honeycombs with a plating of nickel over copper in
accordance with the mvention. The test panels were about 0.5
inch thick with a cell size of about 0.125 1inch. One of the
dielectric honeycomb panels had a density of about 4 1b/ft°
and the other dielectric honeycomb panel had a density of
about 10 Ib/ft°. FIG. 11 shows that there is substantially no
difference 1n airflow characteristics between standard alumi-
num honeycomb of the same thickness and cell size and the 4
or 10 Ib/ft> density of the metallized dielectric honeycomb.
All of the air tlow testing was conducted on the honeycomb
without the presence of a frame, so that the results represent
the air flow performance of the honeycomb materials.

Accordingly, vent panels produced 1n accordance with the
invention can vield significantly improved shielding efiec-
tiveness for the same airtlow characteristics as conventional
metal vent panels.

Variations, modifications, and other implementations of
what 1s described herein will occur to those of ordinary skall
in the art without departing from the spirit and the scope of the
invention as claimed. The various features and configurations
shown and equivalents thereof can be used 1n various combi-
nations and permutations. Accordingly, the invention 1s to be
defined not by the preceding illustrative descriptions, but
instead by the following claims.

What 1s claimed 1s:

[1. A frameless vent panel adapted to shield against elec-
tromagnetic interference (EMI) comprising:

a dielectric panel having a thickness defined by a first side

and a second side, and defining a plurality of apertures,
said dielectric panel further having a perimeter;

10

15

20

25

30

35

40

45

50

55

60

65

14

a first electrically conductive layer applied to the dielectric
pane, wherein the conductively coated dielectric panel
attenuates a transier of electromagnetic energy from the
first side to the second side of the substrate; and

a strip ol compressible conductive foam material, said strip
having a width substantially equal to the thickness of
said dielectric panel and being wrapped around the
perimeter thereof and substantially covering said thick-
ness between said first side and said second side.}

[2. The frameless vent panel of claim 1, wherein the dielec-

tric panel is of a polymer.}

[3. The frameless vent panel of claim 1, wherein the dielec-
tric panel 1s of amaterial selected from the group consisting of
polycarbonate, polypropyle , acrylonitrile-butadiene-styrene
(ABS), polyethylene, polyvinyl chlonide (PVC), carbon,
fiberglass, paper and combinations thereof]

[4. The frameless vent panel of claim 1, wherein the dielec-
tric panel comprises a plurality of tubes bonded together.]

[5. The frameless vent panel of claim 1, wherein the dielec-
tric panel comprises a plurality of tubes co-extruded
together.}

[6. The frameless vent panel of claim 1, wherein the dielec-
tric panel is produced using an injection molding process.}

[7. The frameless vent panel of claim 1, wherein the dielec-
tric panel comprises a plurality of corrugated dielectric sheets
bonded together, wherein the bonded corrugated dielectric
sheets define the plurality of apertures.]

[8. The frameless vent panel of claim 1, wherein the elec-
trically conductive layer 1s of a material selected from the
group consisting ol copper, nickel, tin, aluminum, silver,
gold, graphite, lead, palladium, cadmium, zinc and combina-
tion thereof]

[9. The frameless vent panel of claim 1, further comprising
a second electrically conductive layer 1n electrical communi-
cation with the first electrically conductive layer.]

[10. The frameless vent panel of claim 1, wherein the
plurality of apertures 1s configured as a two-dimensional
array of like apertures.]

[11. The frameless vent panel of claim 10, wherein a cross-
sectional shape of each of the like apertures 1s a shape selected
from the group consisting of circular, elliptical, hexagonal,
square, rectangular, triangular, rhomboidal, and combina-
tions thereof.]

[12. The frameless vent panel of claim 1, wherein a cross-
sectional diameter of each of the like apertures 1s selected to
be between about 0.06 inches and 1 inch.}

[13. The frameless vent panel of claim 1, wherein the
dielectric panel 1s selected to have a density of between about
2 Ib/ft® and about 20 1b/ft° ]

[14. The frameless vent panel of claim 1, wherein the vent
panel provides at least about 20 dB of attenuation to EMI at
10° Hz.]

[15. The frameless vent panel of claim 1, wherein said strip
compressible conductive foam i1s secured to said dielectric
panel with an adhesive.}

[16. The frameless vent panel of claim 1, wherein said strip
of compressible conductive foam has a thickness 1n a range
from about 0.5 millimeter to about 10 millimeters.}

17. A frameless vent panel for providing electromagnetic
interference (IEMI) shielding for a ventilation opening of an
electronic enclosure, the frameless vent panel comprising:

a dielectric panel having a thickness defined by a first side
and a second side, a perimeter, and a plurality of aper-
tures extending from the first side to the second side for
allowing airflow therethrough;
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at least one electrically-conductive material provided to
the dielectric panel for attenuating a transfer of electro-
magnetic energy from the first side to the second side;
and

a resiliently compressible electrically-conductive edge

substantially about the perimeter of the frameless vent
panel and substantially covering said thickness between
said first side and said second side, for compressively
fitting the frameless vent panel within the ventilation
opening in electrical communication with the electronic
enclosure.

18. The frameless vent panel of claim 17, wherein the
rvesiliently compressible electricallyv-conductive edge is con-
figured for allowing the frameless vent panel to be compres-
sively fit and retained within the ventilation opening without
using any mechanical fasteners.

19. The frameless vent panel of claim 17, wherein the
resiliently compressible electrically-conductive edge is con-
figured for allowing the frameless vent panel to be compres-
sively fit and retained within the ventilation opening in a
dirvection normal to the longitudinal axes of the apertures.

20. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises a band of one ov move materials, the band having a
width substantially equal to the thickness of the dielectric
panel and being wrapped around the pevimeter of the dielec-
tric panel such that the band substantially covers the thick-
ness defined between the first side and the second side.

21. The frameless vent panel of claim 20, wherein the band

of one or more materials comprises at least one or more of

electrically-conductive foam, electrically-conductive fabric,
and electrically-conductive fabric wrapped over foam.

22. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electrically-conductive fabric.

23. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electrically-conductive fabric wrapped over foam.

24. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electrically-conductive foam.

25. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises a resiliently compressible EMI gasket having a width
substantially equalto the thickness of the dielectvic panel, the

resiliently compressible EMI gasket being wrapped around

the perimeter of the dielectric panel such that the vesiliently
compressible EMI gasket substantially covers the thickness
defined between the first side and the second side.

26. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electrically-conductive elastomer.

27. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electricallv-conductive protrusions extending otut-
wardly substantially about the perimeter.

28. The frameless vent panel of claim 27, wherein the
electrically-conductive protrusions comprise at least one or
movre of a rvesilient spring finger, a dimple, or a combination
thereof.

29. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electrically-conductive wire mesh.

30. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electrically-conductive material disposed over a resil-
iently compressible member.
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31. The frameless vent panel of claim 17, wherein the
vesiliently compressible electrically-conductive edge com-
prises electrically-conductive fabric applied to an elastomer.

32. The frameless vent panel of claim 17, wherein the
openings have a honeycomb configuration.

33. The frameless vent panel of claim 17, further compris-
ing flame retardant provided to the conductively coated
dielectric panel for achieving a flame rating of VO under
Underwriter’s Laboratories (UL) Standavd No. 94.

34. The frameless vent panel of claim 17, further compris-
ing a corrosion inhibitor provided to the conductively coated
dielectric panel.

35. A frameless vent panel for providing electromagnetic
interference (IEMI) shielding for a ventilation opening of an
electronic enclosure, the frameless vent panel comprising:

a frameless dielectric panel having a thickness defined by
afirst side and a second side, a perimeter, and a plurality
of apertures extending from the first side to the second
side for allowing airflow thevethrough;

at least one electrically-conductive material provided to
the frameless dielectric panel for attenuating a transfer
of electromagnetic energy from the first side to the sec-
ond side; and

a resiliently compressible EMI gasket having a width sub-
stantially equal to the thickness of the frameless dielec-
tric panel, the vesiliently compressible EMI gasket being
wrapped around the perimeter of the frameless dielec-
tric panel and substantially covering the thickness
defined between the first side and the second side.

36. The frameless vent panel of claim 35, wherein the
rvesiliently compressible EMI gasket comprises electrically-
conductive fabric wrapped over foam.

37. The frameless vent panel of claim 35, wherein the
vesilient compressible EMI gasket comprises electrically-
conductive material coupled to a vesiliently compressible
member.

38. A frameless vent panel for providing electromagnetic
interference (EMI) shielding for a ventilation opening of an
electronic enclosure, the frameless vent panel comprising:

a dielectric panel having a thickness defined by a first side
and a second side, a pervimeter, and a plurality of aper-
tures extending from the first side to the second side for
allowing airflow therethrough;

at least one electrically-conductive material provided to
the dielectric panel for attenuating a transfer of electro-
magnetic energy from the first side to the second side;
and

means for compressively fitting and retaining the frameless
vent panel within the ventilation opening and for placing
the frameless vent panel in electrical communication
with the electronic enclosure,

said means disposed substantially about the perimeter of
the frameless vent panel with said means substantially
covering the thickness defined between the first side and
the second side.

39. An electronic enclosure comprising:

a ventilation opening;

a frameless vent panel within the ventilation opening for
providing electromagnetic interference (EMI) shielding,
the frameless vent panel including:

a dielectric panel having a thickness defined by a first
side and a second side, a perimeter, and a plurality of
aperturves extending from the first side to the second
side for allowing aivflow thevethrough;
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at least one electrically-conductive material provided to
the dielectric panel for attenuating a transfer of elec-
tromagnetic energy from the first side to the second
side; and

a vesiliently compressible electrically-conductive edge
substantially about the perimeter of the frameless
vent panel and substantially covering the thickness
defined between the first side and the second side, the
resiliently compressible electrically-conductive edge
compressively retaining the frameless vent panel
within the ventilation opening in electrical communi-
cation with the electronic enclosure.

40. The electronic enclosure of claim 39, wherein the fra-
meless vent panel is compressively retained within the venti-
lation opening by the resiliently compressible electrically-
conductive edge without using any mechanical fasteners.

41. The electronic enclosure of claim 39, wherein the rvesil-
iently compressible electrically-conductive edge is com-
pressed within the ventilation opening in a divection normal
to the longitudinal axes of the apertures.

42. The electronic enclosure of claim 39, wherein the vesil-
iently compressible electrically-conductive edge comprises a
band of one ov more materials, the band having a width
substantially equal to the thickness of the dielectric panel and
being wrapped arvound the perimeter of the dielectric panel
such that the band substantially covers the thickness defined
between the first side and the second side.

43. The electronic enclosure of claim 42, wherein the band

of one or more materials comprises at least one or more of

electrically-conductive foam, electrically-conductive fabric,
and electrically-conductive fabric wrapped over foam.

44. The electronic enclosure of claim 39, wherein the rvesil-
iently compressible electrically-conductive edge comprises
electrically-conductive fabric wrapped over foam.

45. The electronic enclosure of claim 39, wherein the vesil-
iently compressible electrically-conductive edge comprises a
rvesiliently compressible EMI gasket having a width substan-
tially equal to the thickness of the dielectric panel and being
wrapped arvound the pervimeter of the dielectvic panel such
that the resiliently compressible EMI gasket substantially
covers the thickness defined between the first side and the
second side.

46. A method for electromagnetic interference (EMI)
shielding a ventilation opening of an electronic enclosure, the
method comprising positioning a frameless metallized dielec-
tric vent panel within the ventilation opening such that the
frameless metallized dielectric vent panel is compressively
retained within the ventilation opening by a vesiliently com-
pressible electrically-conductive edge disposed substantially
about the perimeter of the frameless metallized dielectric vent
panel and substantially covering the thickness defined
between a first side and a second side of the frameless met-
allized dielectric vent panel, and such that the vesiliently
compressible electrically-conductive edge places the frame-
less metallized dielectric vent panel in electrical communi-
cation with the electronic enclosure.

47. The method of claim 46, wherein the frameless metal-
lized dielectric vent panel is compressively retained within
the ventilation opening by the resiliently compressible elec-
trically-conductive edge without using any mechanical fas-
leners.

48. The method of claim 46, wherein the frameless metal-
lized dielectric vent panel includes a plurality of apertures
extending from the first side to the second side for allowing
airflow thervethrough, and wherein positioning the frameless
metallized dielectric vent panel within the ventilation open-
ing includes compressing the vesiliently compressible electri-

18

cally-conductive edge within the ventilation opening in a
dirvection generally perpendicular to the longitudinal axes of
the apertures.
49. A method of making a frameless vent panel capable of
5 providing electromagnetic interference (IEMI) shielding for a
ventilation opening of an electronic enclosuve, the method
comprising providing a frameless metallized dielectric vent
panel with a vesiliently compressible electrically-conductive
edge substantially about a pervimeter of the frameless metal-
10 lized dielectric vent panel such that the vesiliently compress-
ible electrically-conductive edge substantially covers a thick-
ness defined between a first side and a second side of the
frameless metallized dielectric vent panel, the resiliently
compressible electrically-conductive edge being configured
15 for allowing the frameless vent panel to be compressively fit
and retained within the ventilation opening in electvical con-
tact with the electronic enclosure.

50. The method of claim 49, further comprising metalizing
a dielectric panel to thereby create the frameless metallized
dielectric vent panel before providing the frameless metal-
lized dielectric vent panel with the rvesiliently compressible
electrically-conductive edge.

51. The method of claim 49, wherein providing the frame-
less metallized dielectric vent panel with the resiliently com-
25 pressible electrically-conductive edge comprises positioning

a band of one or more materials about the perimeter of the
frameless metallized dielectric vent panel such that the band
of one or more materials substantially covers the thickness
defined between the first side and said second side.

52. The method of claim 51, wherein the band of one or
movre materials comprises at least one or more of electrically-
conductive foam, electrically-conductive fabric, and electri-
cally-conductive fabric wrapped over foam.

53. The method of claim 49, wherein providing the frame-
35 less metallized dielectric vent panel with the vesiliently com-

pressible electrically-conductive edge comprises positioning

electrically-conductive fabric wrapped over foam about the

perimeter of the frameless metallized dielectric vent panel

such that the electrically-conductive fabric wrapped over
40 foam substantially covers the thickness defined between the
first side and said second side.

54. The method of claim 50, wherein providing the frame-
less metallized dielectric vent panel with the resiliently com-
pressible electrically-conductive edge comprises positioning
electrically-conductive fabric about the pevimeter of the fra-
meless metallized dielectric vent panel such that the electri-
cally-conductive fabric substantially covers the thickness
defined between the first side and said second side.

55. The method of claim 49, wherein providing the frame-
less metallized dielectric vent panel with the resiliently com-
pressible electrically-conductive edge comprises positioning
electrically-conductive foam about the perimeter of the fra-
meless metallized dielectric vent panel such that the electri-
cally-conductive foam substantially covers the thickness
defined between the first side and said second side.

56. The method of claim 49, wherein providing the frame-
less metallized dielectric vent panel with the resiliently com-
pressible electrically-conductive edge comprises positioning
a vesiliently compressible EMI gasket about the perimeter of
the frameless metallized dielectric vent panel such that the
resiliently compressible EMI gasket substantially covers the
thickness defined between the first side and said second side.

57. The method of claim 49, wherein providing the frame-
less metallized dielectric vent panel with the resiliently com-
65 pressible electrically-conductive edge comprises positioning

electrically-conductive elastomer about the perimeter of the

frameless metallized dielectric vent panel such that the elec-
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trically-conductive elastomer substantially covers the thick-
ness defined between the first side and said second side.

58. The method of claim 49, wherein providing the frame-
less metallized dielectvic vent panel with the resiliently com-
pressible electrically-conductive edge comprises providing
edge treatment to the frameless metallized dielectvic vent
panel to create electrically-conductive protrusions extending
outwardly substantially about the pervimeter of the metallized
dielectric vent panel.

59. The method of claim 58, wherein the electrically-con-
ductive protrusions comprise at least one ov more of a resil-
lent spring finger, a dimple, or a combination thereof.

60. The method of claim 49, wherein providing the frame-
less metallized dielectvic vent panel with the resiliently com-
pressible electrically-conductive edge comprises positioning

an electrically-conductive wire mesh about the perimeter of

the frameless metallized dielectvic vent panel such that the
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electrically-conductive wire mesh substantially covers the
thickness defined between the first side and said second side.

61. The method of claim 49, further comprising providing
the frameless metallized dielectric vent panel with flame
retardant sufficient for achieving a flame rating of VO under

Underwriter’s Laboratories (UL) Standavd No. 94.
62. The method of claim 49, further comprising providing

the frameless metallized dielectric vent panel with a corro-
sion inhibitor.

63. The method of claim 49, further comprising applying at
least one coating to the frameless vent panel for enhancing at
least one performance attribute of the frameless vent panel.

64. The method of claim 63, wherein the coating comprises
at least one or more of a mildew inhibitor, a corrosion inhibi-
tov, and a flame retardant.
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