
A compendium of basic design concepts that can help 
make a non-compliant device compliant

Why is it people walk into a testing laboratory
with all the confidence in the world that their
equipment is going to pass, only to have all

their hopes and dreams dashed upon the rocks? Now,
they are under a number of pressures: (1) Someone
already told the board manufacturer to start making
production quantities of circuit boards; (2) the budget
will allow for $0.13 more components and, beyond
that, the budget is shot; (3) shipping starts the middle
of next week; and (4) the test lab, the one they are
standing in the center of while all this is going
through their heads, is asking them what to do next
and reminds them that the clock is running. This is a
common situation. It is helpful at this time to
remember the basics of EMC design.

Here are the basics, assembled in a brief overview.
Even though this is only a thumbnail sketch of EMC
design rules, I hope that it will reduce some of the
pressure you might feel.

The Four Modes Of Noise Propagation
Conductive noise is the simplest to understand. This is
unwanted electrical energy on wires or other
conductive media. Noise on wires is broken down into
two major categories: differential mode (also known
as normal, metallic, and odd mode); and common
mode (also known as longitudinal, even, voltage to
ground mode). Differential mode is when currents
flow out one wire and return on one or more
associated lines. Common mode exists when currents
flow out two or more wires, more or less in phase, and
return by another path. 

Differential mode tends to be a low frequency
problem, while common mode is high frequency. For
example, a switching power supply fundamental
switching frequency plus the first dozen or so
harmonics will be mainly differential mode noise.
Noise above the 20th harmonic is usually mostly
common mode.

Radiated coupling (or far field radiation) can originate
from radio frequency voltages on the equipment case
and the antenna of course. But usually it comes from
the wires, such as power lines, interconnecting cables,
antenna cables, and so forth. If the radiated noise is
from the wires, it is likely due to common mode noise
(see above) with the return path being the case or
other wires, the ground plane or shielded enclosure, or
Earth itself. The energy coupled to these return paths
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Figure 1: The difference between differential mode and
common mode noise



is by propagation of radio wave. The
problem occurs when the
measurement antenna gets into the
coupling path. Radiated coupling
below a few hundred MegaHertz
requires significant distance to couple
well, thus the term “far field.”

Inductive coupling (or magnetic field
coupling) is caused by the movement
of current in a wire, on the chassis, or
on other metal members of the
equipment. As in transformer theory,
moving currents generate magnetic
fields, which create other moving
currents in adjacent wires or
conductors. The greater the current is,
the more intense the effect. This can
be used to our advantage by returning
the noise back to the source before it
radiates out of control. The problem
starts when currents are coupled in an
unintended manner onto lines or case
members, which then radiate. In
addition, look for inductive coupling
on power lines during conducted
emissions testing. Unless the filter
components are mounted directly at
the connector of the unit, any exposed
lines between the filter and the
connector are susceptible to cross
coupling.

Capacitive coupling (or electric field
coupling) is caused by voltages in a
wire, on the chassis, or on other metal
members of the equipment. Voltages
create electric fields, which couple
charges in adjacent metal surfaces
and wires. This creates current flow
and voltages which appear in these
adjacent metal surfaces and wires.
The greater the voltage is, the more
intense the effect found.

Both capacitive and inductive
coupling are considered “near field”
effects, requiring close proximity
between source and receptive circuits.

Using Capacitors Appropriately
The formula for impedance is:

XC = 1/(2�fC),

Where:
XC is the impedance of the capacitor,
f is the frequency in Hertz, and
C is the value of capacitance in
Farads.

For noise problems up to 1 MHz,
aluminum electrolytic and tantalum
capacitors work well. Above 250
kHz, ESR and ESL (electrical series
resistance and electrical series
inductance) become dominant in
capacitors. Use ceramic, polystyrene,
glass or other high frequency
capacitors. Figures 2 and 3 show how
emissions are reduced by changing
from an electrolytic capacitor (Figure
2) to a ceramic capacitor (Figure 3),
even though the actual capacitance
was lowered from 10 �F to 2.2 �F.
Both parts were SMT components.

The inductance of the leads will also
limit the frequency these capacitors
can be used. Keep leads very short
(e.g. 1/4”), or use SMT (surface
mount technology) capacitors. A
leaded ceramic capacitor may not
have the same quality and benefit as
the SMT part used. When using SMT
capacitors, solder them directly
between the traces or from the trace
to the chassis. If this is not practical,
use some type of wide and flat
conductor, such as copper tape.

Do not neglect the vias used by the
capacitors. Vias can be very
inductive. To minimize via
inductance, use multiple vias for each
bypass capacitor.

Using Inductors Appropriately
The formula for impedance is:

XL = 2�fL

Where:
XL is the impedance of the inductor
f is the frequency in Hertz, and
L is the value of inductance in
Henries.
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Figure 2: Emissions when using an electrolytic
capacitor

Figure 3: Emissions when using a ceramic capacitor

Figure 4: Toroid with two lines wound in opposite
directions (differential mode)

Figure 5: Toroid with two lines wrapped on opposite
sides (common mode)

Figure 6: Toroid with two lines wound together
(common mode)


