Aluminum honeycomb panels are an option for the manufacture of low-cost shielded
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! oneycomb material (which is ap-
roximately 96 percent open)
s frequently selected for manu-
. d facturing air vent filters due to
the low wind resistance to the air flow
that is required for cooling modern elec-
tronic equipment. Aluminum is frequently
selected for its low cost. The shielding of
a 1/8-inch cell, 1/4-inch thick panel var-
ies significantly (from as little as 12 dB to
as much as 70 dB over the frequency range
of 100 kHz to 1 GHz). This article exam-
ines the cause of the significant variations
in the shielding and provides information
on an innovative new process used to
provide reliable high levels of shielding
at competitive prices.

DEVELOPMENT OF HONEYCOMB
SHIELDED AIR VENT FILTERS

It is well known that honeycomb panels
can be used to provide shielding to elec-
tromagnetic fields while allowing air to
penetrate enclosures for cooling purposes.
The first honeycomb panels were made
from copper, brass or iron foils and sol-
dered, welded or brazed together to form
an array of adjoining honeycomb cells.
Due to cost considerations, aluminum hon-

*See advertisement on page 2

alr vent filters when shielding and high air volume are of concern.

eycomb panels, where the foils are ep-
oxyed together at their abutting segments,
were tested for their shielding quality.

Aluminum panels with the abutting seg-
ments epoxyed together became the low-
cost material of choice when a reduced
level of shielding was acceptable. The in-
dustry originally applied pin holes through
the abutting segments to insure that a con-
ductive path existed between the alumi-
num foils at the segments. It soon became
apparent that the cutting (sawing) of the
honeycomb into panels supplied as much
conductivity between the foils through
incidental contact at the abutting segments
as the pin holes, and the practice of sup-
plying pin holes was abandoned.

Many customers of the aluminum air
vent filters wanted corrosion and/or cor-
rosion-compatible filter assemblies. Com-
pliance with the corrosion requirements
resulted in plating the filter assemblies. The
plating primarily used is tin and chemical
film. Tin was preferred, as it was discov-
ered that the tin plating could result in
improved shielding. It has also been dis-
covered that such plating processes can
significantly reduce the level of shielding.
This reduced level is caused by the re-
moval of the incidental contact points
during the pre-plating caustic etch process.
Figure 1 illustrates the level of shielding
of three aluminum panel materials which
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Figure 1. Shielding effectiveness of honeycomb panels after
~ belng subjected to a caustic etch.

were subjected to an extended pre-plating caustic etch.
As can be seen, the shielding of the panels is extremely
poor.

DEVELOPMENT OF HIGH RELIABILITY
FILTERS

SHIELDING

The conductivity across the foils normally supplied by
aluminum honeycomb filter materials is the result of
incidental contact between adjacent aluminum foil seg-
ments at the abutment area due to the sawing operation
used to cut the panels. As such, the level of shielding
offered by aluminum honeycomb panel materials can
vary significantly. The caustic etch used in plating pro-
cesses can be instrumental in reducing the level of con-
ductivity by removing some of the incidental contact
points. '

One patent-pending process on aluminum honey-
comb panels blends one of the aluminum foils at the
abutting segments across the epoxy barrier onto the
adjacent foil. This results in a consistent reliable level of
shielding. Figures 2'and 3 illustrate the difference in the
shielding effectiveness between honeycomb panels
which have been subjected to the blending process and
panels which have not been blended. Figure 2 illus-
trates the difference using a single 1/8-inch cell by 1/4-
inch thick honeycomb panel. Figure 3 illustrates the dif-
ference when two adjacent (double) honeycomb pan-
els were tested. In both cases, the panels which were
blended and not blended were from the same purchased
lot.

RELIABILITY AND COST

The recommended material for the frame of the filters is
6061 aluminum. This material is slightly more expen-
sive than the more popular 6063 material. However, its
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Figure 2. Shielding effectiveness test data of honeycomb
panel, 1/8-inch cell by 1/4-inch thick.

corrosion resistant properties provide reliable long life
without additional plating.

Tin plating of the frame is used on dual cell filters as
it is required to obtain the higher levels of shielding
offered in this series. Tin and chemical film plating are
also offered when compatibility concerns so dictate. The
plating of the components which are used in the manu-
facture of the filters is accomplished prior to the assem-
bly of the filters. This guarantees that the acids and other
chemicals used in the plating process are totally removed
from the filter members. This insures a long reliable life
of the filters. .

EMI gasket materials are used to obtain an excellent,
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Flgure 3. Shielding effectiveness test data of double panel
air vent honeycomb filters, 1/8-inch cell by 1/8-inch thick.
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reliable frame-to-chassis bond on the
filters. The gaskets are also employed
for the honeycomb panel-to-frame
electromagnetic bond on some fil-
ters. The spiral gaskets are employed
for the purpose of absorbing ther-
mal expansion and contraction,
shock, and vibration to insure an
excellent electromagnetic bond
throughout the life of the filter.

A fully-automated machine has
been developed and is used to cut
the frame to size. This machine is
coupled with several automated and
semi-automated processes used to
apply epoxy to the frame/honey-
comb panel interface for mechani-
cal strength of the filter, and to in-
stall the electromagnetic (EM) bond-
ing spiral gasket to the extrusion.
These machines and processes sig-
nificantly reduce the time required
to manufacture and assemble the fil-
ters.

LOW COST FILTERS
Among the many filters available are
two types (series) of low cost,
shielded aluminum, honeycomb air
vent filters. Both series utilize the
patent pending “blending” process
on the honeycomb panels which
provides a reliable level of shield-
ing. The shielding offered varies from
60 dB to over 125 dB at 1 GHz,
where the level of shielding varies
as a function of the variables used
in the manufacture of the filters.

One type is designed to meet rela-
tively low-level EMI requirements at
a very low cost. It features a knife-
edge extrusion to achieve the hon-
eycomb panel-to-frame EM bond.
This design is recommended for ap-
plications where a low to moderate
level of shielding is required, low
cost is essential and long life is not
anticipated. The other filter compo-
nents consist of an aluminum frame
honeycomb processed with our
patent-pending process and stainless
steel gasket for the frame-to-chassis
electromagnetic bond. The filter is
for use in a relatively low humidity
environment.

The second type is a high reliabil-
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ity air vent filter supplying moderate
to high levels of shielding. The filter
uses aluminum honeycomb material
specially processed for high, reliable
shielding and comes in both single
and double panel configurations.
The single panel configuration uses
a 6061-T4 aluminum frame and tin-
plated stainless steel gasket for the
electromagnetic bonding between
the panel and frame and frame-to-
chassis. The double panel configu-
ration uses a tin-plated 6061-T4 alu-
minum frame and tin-plated stainless
steel gaskets for the electromagnetic
bonding. Versions are available for
high humidity and salt fog environ-
ments (through selective plating of the
frame honeycomb panel and gasket).

The configurations are illustrated
in Table 1. Figures 4 through 7 illus-
trate the frame and EM bonding con-
figurations and the level of shield-
ing offered by the filters.

CONCLUSION

Honeycomb air vent filters are used
extensively in the electrical/elec-

Filter Number Cell Size

Type of Panels | winwy | Thickness m

Low-level ! 18 1/

Shielding 2 1/8" 1/8"
e .

High ! ! 8.. 1/4..

Reliability 2 178 1/8

Filter 2 1/8" 1/4"

Table 1. Air vent filter configurations.

Figures 4. Filter configurations for low-
level EMI requirements.

tronic industry to shield electromag-
netic fields when a high volume of
air is required.

Aluminum foil where the abutting
segments are epoxyed together is the
low cost material of choice when the
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Figures 5. Filter configurations for
moderate to high levels of shielding.
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Figure 6. Shielding effectiveness of
low-level filters.
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Figures 7. Shielding effectiveness of
high reliability filters.
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high levels of shielding associated
with the soldered or welded honey-
comb panels is not required. How-
ever, it is well known throughout the
industry that the levels of shielding
associated with the use of aluminum
honeycomb panels can vary signifi-
cantly. This means that when a spe-
cific reliable level of shielding is re-
quired, the soldered or welded hon-
eycomb panel material is usually
specified.

A patent pending blending pro-
cess adds a consistent level of reli-
ability to the honeycomb panels
manufactured from aluminum foil.
The use of two panels sandwiched
together offers both the reliability as
well as the level of shielding gener-
ally associated with the soldered and
welded honeycomb panels.

The automated and semi-auto-
mated machines and processes used
to manufacture the shielded honey-
comb air vent filters result in a very
competitive cost advantage. This is
particularly true regarding the double
panel.
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