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In electronic circuits we can identify several
characteristic elements capable of generating
electromagnetic noise
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The frequency margins to be analyzed in the EMC
regulations range from Hz to GHz
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A key element for measuring the noise conducted is
the LISN. This equipment allows guaranteeing a 50‐
ohm line impedance for the entire frequency range
considered in this test (150kHz‐30MHz)

4



5



The basic internal scheme of the LISN can be split
into two models depending on the frequency
considered: 50Hz or high frequency
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The drawing shows the distribution of the
equipment during the conducted emission test. The
position of the cables must be pointed out: this may
seem unimportant but it causes that the measures
may vary when performed by several laboratories.
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Another parameter to take into account is the
resolution bandwidth (RBW). This parameter is
defined for each frequency range considered.
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Field probes (electric, magnetic) can help to identify
the noisy components in a system, but they do not
allow knowing whether the equipment is going to
pass the test.
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In electronic systems we can identify currents in
differential mode (DM), responsible for transferring
the energy to the load, and common‐mode (CM)
currents, which flow through parasitic capacitances
and return through the mass of the circuit.
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When we want to reduce the high frequency
harmonics present in the differential mode currents,
we will incorporate filter capacitors capable of
working properly at high frequency. Make sure that
the capacitor connection is made with the lowest
possible parasitic inductance.
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Not only does the incorporation of snubbers in the
switches significantly reduce the emission of
conducted noise, but it also has a very important
effect in the reduction of radiated noise.

The switching of the transistors causes high‐
frequency harmonics that can find low‐impedance
path through the parasitic capacitances present in
the circuit.
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Some transformer manufacturing techniques help us
to reduce the parasitic capacities present between
windings. In order for this to be done, noisy
terminals (terminals where there is a greater
variation of voltage) must be moved away from each
other. By doing so, the parasitic capacity between
windings will be reduced and common‐mode
currents will find a path of greater impedance.
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The use of bypass capacitors is another of the most
common techniques for filtering the power lines of
integrated circuits. These capacitors do not require
high capacities but a good behavior in high
frequency.
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There are commercial devices that allow a capacitor
to be placed between the conductor terminal and
the housing in which the circuit is located. These
components reduce the noise that may come out of
the shielding
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Filters are normally placed in the inlets to guarantee
a voltage supply clean of noise
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When it comes to filtering cables, there are several
ferrite geometries that can be used
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The selection of the filter type depends on the input
and output impedance of the circuits that are
interconnected. The figure shows various
alternatives
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The plots show the attenuation achieved depending
on the position of the capacitor and the coil.
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When an AC source is used, an AC filter is usually
incorporated at the input. These filters are designed
to reduce common‐mode currents with the
magnetizing inductance of the coupled coils and
capacitors CY. High‐frequency harmonics in
differential mode are filtered by the leakage
inductance and the CX capacitors fundamentally.
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Arrangement of an AC filter
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The ground terminal must not be connected outside
the AC filter
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A TVS can also be incorporated at the input of the
power supplies
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Attenuation curves for filter WE‐CMB XS 39 from
Wurth Elektronik (commercial catalogue)
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Special care must be taken with the positioning of
the EMI filters.

Both circuits in the figure try to reduce common‐
mode currents by including an EMI filter, but in the
circuit of the left the dispersion inductance of the
filter deteriorates the operation of the converter,
causing overvoltages across the switch.
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The figures show the placement of voltage
suppressors and how they act in case of an 8‐kV
overvoltage
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The presence of a varistor implies the circulation of
normally negligible leakage currents. When the
overvoltage appears, the varistor will have to
support the energy that has not reached the circuit
to avoid its deterioration.
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The selection of the suppressor is made based on
the maximum voltage to be allowed and the current
that can circulate through the device.
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You can visualize the position of filter capacitors in
the power input
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Basic PCB design rules
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Examples of incorrect track paths on a PCB are
shown, and the correct path with the decoupling
capacitors as close as possible to the integrated
circuit
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Reducing the loops that form the tracks is a critical
aspect. When a noisy track is identified, adding a
return track as close as possible reduces noise
emission and improves susceptibility behavior. The
figure on the right shows how an unexpected signal
can be produced in one of the inputs of the AND
gate if the ground connection is made with a high
impedance.
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The incorporation of cuts in the ground plane allows
to condition the circulation of current in certain
areas
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When sensitive circuits are affected by the returns of
noisy currents, cuts in the ground plane can isolate
these circuits avoiding that they are affected by the
noisy currents
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Metal structures such as heatsinks have parasitic
abilities with the rest of the circuit. These parasitic
capabilities can lead to low‐impedance paths for
common‐mode currents
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A rule of thumb to reduce cross‐talk is making the
distance between tracks must be at least twice their
thickness
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Large areas cause electromagnetic radiation and
make the circuit less immune to outside radiation,
since noise voltages induced are proportional to
magnetic flux variation
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Let's see how we can improve the interconnection of
the circuits shown. Although the layout of the tracks
is correct, the elements present in the circuit can
deteriorate their operation
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The presence of large areas reduces the immunity of
the circuit. Therefore, a basic design rule that must
always be kept in mind is to minimize the area
of   loops
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The final design implies a greater number of tracks
and greater complexity in the design
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In high frequency, the path of least impedance is the
one that minimizes parasitic inductance, i.e. the
return path that defines a smaller area. On the
contrary, at low frequency the parasitic inductance is
negligible and therefore the lowest impedance is
achieved with the shortest path
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The noise generated by the power currents affect
the control circuitry
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The separation of the ground planes and their
connection in a single point corrects the
malfunctioning shown in the previous slide
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