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RESOLVING AIRBORNE EMI:
Redesign or Retrofit?

When in the laboratory and the test results are not what was hoped for, resolving these issues can be a challenge.
Potentially, a circuit redesign is needed. Circuit board trace routing may need to change. Parts need to be ordered
and installed. There can be delays in the finished design and layout, resulting in manufacturing delays and shipment
delays. When schedules do not allow for redesigns, the economic impact can be significant. And ultimately, there
may not be any guarantee that the redesign and rework will solve the issue.

Designing for EMC is a complex task. Each electronic system requires unique layout, filtering and shielding design,
and it is difficult to predict the system’s performance. The result is that the design engineer finds themselves in
the EMI testing laboratory with a product that does not pass a test.

These failures can be frustrating and disappointing. Testing failure typically involves circuit board rework, redesign,
and retesting. This leads to delays going into production.
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IDENTIFYING THE PROBLEM

Problems typically arise with radiated emissions. When
radiated emissions are found, often the problem fre-
quency range is below 250 MHz. In this frequency
range, the most likely source is the wiring and cables.
These cables are the large antennas which can trans-
mit the energy efficiently in this frequency range. A small
amount of high-frequency current across the wire’s im-
pedance induces voltages on the wires with respect to
chassis and ground.

The problem tends to be due to a lack in the electrical
filter, which is allowing these currents to leak through or
bypass the filter. Shields on cables can help, when they
are properly constructed, specifically having the shield
well bonded to the chassis at both ends. The concept that
shields should be tied to ground only on one end is not a
good design solution, and for solving radiated emission
problems, it is useless.

Also, shields are often not possible, especially in aircraft
and space applications where the added weight is to
be avoided. And shields may not work well when the
airframe is used as a return path for the signal, nor are
they used on power lines in general. But in aerospace
electronics, there is often one benefit available. The
chasses of aeronautic equipment are typically solid
aluminum, well-constructed, and bonded to the airframe.
If the metal contacts of the enclosure are properly coated,
having no paints, anodizing, or other poor conductors on
the contact surfaces, the enclosure can be an excellent
shield. Being able to enclose the electronics can allow
the design to maintain the energy within the enclosure
and protect the electronics from external sources of EMI.

Emissions from equipment are not the only challenge to
EMC compliance. External sources may be either radio
frequency energy by transmission, known as radiated
susceptibility, or as conducted susceptibility whichis carried
on the wires. But this protection requires well-designed
filters which are properly located inside the chassis.

PLACING AFILTER

The best location for a filter is as close to the point of
penetration into the chassis, that is the connector, as
possible. If a filter is located any significant distance
from the connector, the line which has been filtered
can have new energy coupled back onto it from the
surrounding circuitry.

Inductors and other magnetic sources are some of the
worst offenders since the high-frequency noise being
rejected by the inductor generates a high-frequency
magnetic field. This field can regenerate currents into
electrically quiet or filtered lines and traces.

Likewise, high-frequency noise from outside of the chassis
can be allowed to cross couple onto surrounding sensitive
circuits inside the chassis before coming to the filter. This
can create a susceptible condition in the equipment.
For example, a radio frequency current is induced onto
the cable from an outside source. The current flows into
the chassis to a line-to-chassis capacitor. This capacitor
allows the current to flow back to chassis, and ground,
and return to the source (remember that currents flow in
complete loops).

However, if that capacitor is located some distance from
the connector, the current can cross couple onto other
traces and circuits as it travels through the equipment
from the connector to the filter. The longer the path
from the connector to the capacitor, and then from the
capacitor to the chassis, the larger the current loop which
can cross couple energy.

Note that the entire loop from connector to chassis must
be known, not only from the connector to the capacitor.
The capacitor-to-chassis path carries the same radio
frequency current and can likewise cross couple to
other circuits.
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Thus, filters are placed as close to the connectors
as possible with short paths to entry point. Having the
minimal amount of exposed wire or circuitry before
reaching the filter, and from the filter to the chassis,
minimizes the ability to cross couple any noise. Having a
quality chassis shield provides additional protection of the
equipment from sources on either side of the chassis—
either from outside into the equipment, or from inside out.
The combination of filter location and shield creates a
barrier that is difficult to couple across.

Designs placing the filter as close to the connectors as
possible can come in a variety of techniques. The use of a
filter circuit board, mounted to the backside of the connector
as the lines enter the equipment, can have capacitors and
inductors very close to the pins of the connector.

An improvement on this design is to create a shielded
enclosure, sometimes called a doghouse, around the
filter on the side of the connector. This doghouse creates
a shield within the shield. However, this design can be
difficult to manufacture as well as implement.

The ideal location for a filter would be to install the filter in
the wall of the chassis shield. In this configuration, a radio
frequency current can be capacitively coupled directly to
the chassis, and then the current could be returned to the
source of noise without unwanted coupling. If the noise
source is inside the equipment, the current could return
to that source and avoid radiating outside of the chassis.
If the noise source is outside of the chassis, the currents
could then couple to the chassis, which is bonded to
the aircraft structure or laboratory ground plane. The
noise can be returned to the source before it couples
inside the chassis, into sensitive electronics, causing a
susceptible condition.

Filter pin connectors can provide excellent results, since
by their design, they are part of the wall of the chassis.
However, filter pin connectors are often difficult to obtain
in a timely manner and can be very expensive.

A QUICK SOLUTION

What is needed is a filtering technique which can be
installed quickly at the laboratory. Since laboratory time
runs in the hundreds of dollars per hour, quick installation
is even more valuable. If the quality of the filter can be
verified quickly, and it is easy to install, all the better.

To see the EESeal in action, check out this short

demonstration: https://eeseal.com/instructional-videos/

Quell’s EESeal EMI Filter Insert can provide the answer
to this situation. The EESeal EMI Filter Inserts can be
installed in less than a minute, simply by removing the
cable from the connector, slipping the insert over the
pins, and reconnecting the cable. These filter inserts
provide capacitance from each pin to chassis, like a
manufactured filter pin connector.

The equipment is immediately ready for retest. No time
is lost opening the equipment, finding parts to solder in,
while trying to install components there may have been
no room to include. As for the insert, the capacitance
value on the pins can be chosen as needed. If higher
noise levels are experienced, a larger capacitor value
can provide the needed filtering.

Radiated emission tests are not the only benefit provided
by these filters. Conducted emissions can greatly benefit,
since capacitance to chassis can reduce both common-
mode signals as well as differential-mode signals.
Susceptibility testing can also benefit from line-to-chassis
capacitance, reducing the currents and energy passing
into the equipment before the existing filter, making the
filter more effective. Line to chassis capacitance can help
return all signals within the passband of the capacitors
being chosen.

This easy installation and the elimination of product rede-
sign is what makes the EESeal so popular for last-
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minute modifications - such as during compliance testing.
Should a filter insert provide the requisite EMI filtering or
transient suppression to achieve product certification, the
EESeal then becomes a production solution for the life
of the application.

If repeated baseline testing is required, extraction and
reinsertion of the EESeal can be done quickly while still
in the lab.

READY FOR PRODUCTION

Adding a filter can save testing time—but the benefits
go beyond the laboratory. EESeal is a production-ready
solution that has been proven in the most demanding
deployments. This gives engineers a path to production |
that avoids the lost time and expense of redesign, and
assures delivery schedules are met.

Click here to request a FREE EESeal® sample »
This immediate path to production is particularly valuable

considering that a redesign may not solve the issue. In
fact, an engineer might return to the lab to discover that
the reworked circuits have entirely new problems. Thus,
solving the problem with a filter is not only the fastest fix,
it is also the surest solution.
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