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The electromagnetic noise generated by the
equipment was reduced to comply with the
regulations, but we cannot set the objective of
eliminating it totally.
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The harmonics of current flowing through the cables
can also become electromagnetic radiation since the
cables can behave like antennas. For the same
reason, radiated electromagnetic noise can become
noise voltages in the circuits since the tracks and the
wiring can also act as antennas
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Conducted noise is analyzed between 9kHz and
30MHz. In order to eliminate this noise, it is very
important to identify what type of currents generate
it: common‐mode currents or differential‐mode
currents.
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The common path for common‐mode currents are
the parasitic capacitances and their return through
the mass of the circuit
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In this case current IN causes a voltage drop across
impedance ZG in the ground connection. Since the
amplifier G shares the same connection to ground,
the output of said amplifier will be conditioned by
the value of voltage VN.
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Metallic structures such as radiators, metal boxes,
etc. present non‐negligible parasitic capacitances
due to their high surface area, thus offering a low‐
impedance path to common mode currents. It is very
convenient to connect these structures to a zero
potential.
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Differential‐mode currents are conditioned by the
impedance of the line.
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In order to identify the origin of electromagnetic noise in the
equipment, it is convenient to identify the type of currents
that generate it, since the solutions that can be provided differ
depending on the type of current.

To measure common‐mode current, both conductors are
directly threaded through a toroid. By doing so, only common‐
mode currents will cause magnetic field in the same direction
in the toroid. With this configuration, differential‐mode
currents through the cables will generate opposite magnetic
fields in the magnetic core that cancel each other and do not
generate voltage across the additional winding (top figure).

On the contrary, if one of the cables forms a loop around the
toroid (bottom figure) only differential‐mode currents create
fields in the same direction in the magnetic core and,
therefore, only these currents will induce a voltage across the
additional winding.
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The impedance that is shared by two or more
circuits is called common impedance and can be a
major problem of interference.

In the circuit of the figure it can be seen that
Amplifier 2 amplifies the signal coming from
Amplifier 1 plus the voltage drop across the common
resistance Rab.
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To minimize common impedance, star connection to
ground is recommended.
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Radiated emission tests are performed between
30MHz and 2 GHz (typical for industrial equipment).

In these tests, couplings between circuits can occur
both by magnetic fields and by electric fields (near
field).
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Electric‐field coupling is modeled by parasitic
capacitances that represent the energy stored in the
form of electric field.
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Voltage variations in line L2 are easily transmitted to
line L1 and vice versa due to the presence of a
parasitic capacitance between them.

17



To avoid coupling originated by electric fields, the
only solution involves shielding. The screen provides
a low‐impedance path that prevents currents
generated in circuit 1 from reaching circuit 2. A
typical example of shielding can be found in coaxial
cables
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When an alternating current circulates through a
cable, it creates an alternating field that can reach
other circuits, thus inducing noise in them. This
induced voltage will be proportional to the area
defined by the affected circuit and to the intensity
and variation rate of the field generated.
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The circuit of the figure shows the electric model of
a magnetic coupling. Variations of current in one of
the lines (i2) affects the voltage across the load due
to the magnetic coupling between both circuits,
represented by two coupled coils
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The magnetic and electrical coupling depend on the
distance between conductors, as can be seen in the
attached graph. Solutions to minimize this coupling
include twisting the cables, including ferromagnetic
shielding, etc.
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In the indicated experiment it can be seen that
twisted cables (b) reduce the magnetic coupling
effect by more than 10dB.
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Near field probes allow the identification of noisy
components, but the gain of the probe with
frequency must also be taken into account, since
some harmonics may be attenuated by the probe
although its amplitude is important.

24



25



The figures show the electrical modeling of a coaxial
cable and how it can be analyzed by means of two
electrical circuits in which impedance Z12 (or transfer
impedance) appears
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The skin effect allows separating the currents
induced by external fields from those generated by
internal fields in a shielded conductor like the one in
the figure on the right.

Therefore the skin effect minimizes the effect of the
common impedance.
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The figure shows how the incorporation of shielding
in cables reduces the global transfer impedance
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The figure indicates the frequencies of use according
to the type of cable
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In the case of flat cables, the selection of which
conductors act as a mass or signal conditions their
noise immunity.
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The shields of the cables are connected in a single
end to ground when we want to prevent the
capacitive coupling and in both ends to minimize the
coupling by magnetic field.
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It is very important to properly connect the cable
screen to ground. The figure shows the proper way
to do it. Otherwise, we can introduce a loop
between the internal conductor and the non‐
negligible area screen in which noise voltages could
be induced.
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The connection to ground has a fundamental
function: the protection of people.
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This type of connection is probably the simplest one,
but it generates problems of common impedance
that give rise to fluctuations in the voltage of point C
due to the currents that flow to earth through
circuits 2 and 3
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The solution to this problem is the star connection
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Star connections must be made trying to minimize
grounding impedance, especially the parasitic
inductance. In order for this to be so, we will avoid
long cables or we will use ground planes.
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The figure at the top shows how to implement a star
connection for high‐frequency currents.

On the contrary, if you want to maintain a ground
plane clean of high‐frequency harmonics,
inductances must be incorporated that uncouple the
circuit from the ground plane.
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