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There is an invisible force at work in electronics. Although
it cannot be touched or seen, it has the power to disable or
even destroy electronic equipment. Almost all of us come
across this force (whether we realize it or not). The crack-
le you hear while listening to a car radio when a thunder-
storm is nearby or the vacuum cleaner that makes the TV
picture go fuzzy. These are examples of Radio Frequency
Interference, shortened to RFI, sometimes also known as
Electromagnetic Interference (EMI). The terms are often
used interchangeably.

Radio waves are just part of a wide range of radiation that in-
cludes visible light, X-rays, and microwaves. This is depict-
ed as the electromagnetic spectrum that spans a range of
frequencies from very low to very high, with visible light hov-
ering around in the middle. This electromagnetic radiation is
closely related to electrical signals. This means two things.

Firstly, electromagnetism has a direct effect on the opera-
tion of electronic systems. And secondly, almost everything
that uses electricity will create electromagnetic radiation
as a natural by-product of its function. This explains why a
vacuum cleaner can affect the TV picture or a thunderstorm
interferes with radio signals.

Electronic devices need to work in an environment that is
awash with electromagnetic interference, however it may
be created. As an example, let us consider a pre-natal
monitor that uses an ultrasound probe to provide an im-
age of an infant in the mother’'s womb. The resulting little
black-and-white picture can be used by doctors to make
sure an unborn baby is healthy. To obtain this image, the
probe of the monitor emits ultrasound and detects the re-
flected sound to provide an image of the unborn child. It
then converts this reflected sound into electronic signals for
transmission and analysis. If there are radio waves in the
environment with frequencies that interfere with those that
the device is trying to detect, the accuracy of the device will
be affected.

One method of protecting electrical and electronic devices
is to provide them with shielding. Shielding takes the form
of an electrically conductive covering that encloses the
equipment, preventing electromagnetic interference from
getting in or out.

However, electromagnetic radiation is hard to contain. It

can be very difficult to prevent interference, despite the
best efforts of the engineer. Most electronic and electrical
installations make use of cables and connectors, which
bring power into a device and transmit signals. All these
connectors and cables create the potential for EMI interfer-
ence. However, there is a solution that can be used along-
side traditional shielding methods.

FILTERING AND CAPACITORS

Filtering makes use of the humble capacitor. At their sim-
plest, capacitors are devices that can hold an electrical
charge for a short amount of time before releasing it. They
have a myriad of uses throughout industry, but in the case
of electromagnetic interference, engineers make use of
one of their lesser-known characteristics.

Under normal operation, the electrical signal will travel
through a capacitor. However, once the electrical signal
reaches a specific frequency (depending on the capaci-
tance), the capacitor will act like an open preventing the
signal from passing through. Bigger capacitors have a larg-
er bandwidth that they block, while smaller capacitors have
a smaller bandwidth.

Instead, charge builds up on the capacitor which will be
dissipated when the current is removed. However, once
the electrical signal rises to a certain frequency, which is
different for every value of capacitor, it stops working in its
normal way and acts like a short circuit. If the other side of
the capacitor is connected to ground, the signal is carried
away passed through harmlessly.

Filtering can be achieved in several ways if the design
engineer thinks far enough in advance. Engineers can in-
stall capacitors onto the printed circuit board as part of
the normal circuit, or alternatively could employ a filtered
connector. Both methods will achieve the same result,
however, it does require that the engineer understands
which frequencies will cause problems before the equip-
ment is manufactured.

Unfortunately, this can be tricky to know. Even if the engi-
neer has designed filtering into the device, problems often
become apparent only once testing commences. As few
companies have the facilities to conduct their own testing
in-house, most engineers will use dedicated testing labora-
tories, costing hundreds if not thousands of dollars per day.
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FAILURES DURING TEST

A hypothetical scenario might see an engineer who is test-
ed a new device in a dedicated laboratory, at significant
cost, only for the device to fail an electromagnetic compat-
ibility (EMC) test. What options does the engineer have?

The first choice would be to go back to the drawing board.
The engineer could install additional components on the
printed circuit board to filter out the unwanted frequency.
However, redesigning and re-manufacturing a PCB is a
time-consuming process, which will incur additional costs
and significant delays.

Another alternative would be to install a filtered connector.
These connectors use the same characteristic of capaci-
tors to provide filtering, but instead of being mounted to a
PCB, this method embeds the capacitors within the shell of
the connector itself. There are a number of ways in which
this can be achieved, including planar ceramic capacitors
or chip-on-flex designs. Using filtered connectors offers
considerable advantages as the PCB will not need to be re-
designed as the capacitors are fitted within the connector,
and they are easy to retrofit.

However, filtered connectors are usually expensive, and of-
ten take a long time to be manufactured. Delivery times of
20-40 weeks is not unusual, and there are occasions when
filtered connectors have taken over a year to be delivered.
In addition, not every connector type is available with filtering
as an option. Filtered connectors are expensive to make and
the demand is low enough that not all manufacturers offer
them. They may have even discontinued production.

In this situation, the engineer is faced with a few unat-
tractive options. The engineer could redesign the PCB, but
that will result in increased costs, scrap, delayed time to
market and retesting hoping for success. Alternatively, the
engineer could attempt to specify a filtered connector. The
delay caused by either of these solutions could be long,
and the engineer may not have the time to wait.

FILTER SEALS TO THE RESCUE

There is an alternative solution that is both faster than re-
designing a PCB and quicker than waiting for a custom
filtered connector with almost immediate results. Filtered
seals work in the same way as traditional filtered connec-
tors. The innovative feature of filtered seals is how they are
packaged and installed.

From a distance, the filter seal looks deceptively simple. It
is a thin silicon rubber shape that contains the capacitors
and wiring circuitry required to provide an effective filter-
ing solution. It is designed to fit over the pins of a male
connector and, once in place, is almost invisible. It takes
seconds to install and does not require anything else to be
taken apart to do so. All that is required for installation is
to unmate the connector pair. The seal is pushed over the
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pins of the male contacts, and then the connector is mat-
ed. This quickly installs the filtering circuitry directly into the
connector without the need for any additional work.

This versatility means that filter seals are not only ideal as
a production solution, but they are also ideal for retrofitting
into legacy equipment. For example, governments around
the world are constantly upgrading their existing military
fleet. Vehicles that may be 30 or even 40 years old are
being fitted with the latest generation of communications
equipment to perform tasks for which they were not orig-
inally designed. This mismatch of old and new technol-
ogy has created a range of EMC challenges that vehicle
contractors are struggling to solve. Using Filter seals with-
in existing interfaces removes the headache that obsolete
components would cause.

SOLVING NEW CHALLENGES

It's worth pointing out that filter seals are not only useful for
retrofitting or problem solving. In recent years, a major com-
mercial aircraft began to be manufactured with a composite
fuselage. Composite materials are light and strong, but they
are not conductive. This is important, because EMC in air-
craft used to be easier to solve - the metal of the fuselage
could be used for shielding. The use of so much composite
material meant losing this shielding benefit. To solve this is-
sue, the commercial aircraft manufacturer uses more than
80 filter seals in each aircraft to protect the electronics.

In contrast to a ftraditional filtered connector, samples
of EESeals can be manufactured and supplied in 24-48
hours, making them ideal as quick solutions for testing or
operational problems. All that the engineer needs to do is
provide a few key pieces of information. This information
normally includes the connector p/n, the frequency of the
signal that needs to be filtered, the voltages, data rates and
any transient specifications.

Once the engineer receives the seal, a few moments is all
it takes to turn a conventional connector into a filtered con-
nector. The filter seal has passed shock and vibration test-
ing., and is protected by the shell of the connectors, safely
seated between the two mating halves.

Filter seals are a fantastically versatile solution to a range
of different problems. Each pin can be treated uniquely
to meet the needs of the application. They can be used
to turn any connector into a filtered connector to pass a
failed EMC test. They can be used during the refit of legacy
equipment, and they can be installed as an integral com-
ponent in brand new devices. Their ease of use and quick
availability make them a genuine alternative to traditional
methods of filtering, saving time and money. Could filter
seals be the solution to your next design challenge?
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