
S P E C I A L
PASSIVE COMpONENTS

All electronic equipment pro-
duced today includes EMI fil-
tering circuits. Likewise, all 

switch-mode power supplies have in-
ternal EMI filters. However, there are 
circumstances where the EMI filters 
within these electronic devices re-
quire a supplemental filter to meet 
more stringent electrical noise regula-
tions or to protect 
the device from 
excessive external 
noise sources.

Defining      
the noise
EMI can be in form 
of conducted EMI, 
which means the 
noise travels along 
electrical conduc-
tors, wires, print-
ed-circuit traces, or 
electronic compo-
nents such as 
transformers, inductors, capacitors, 
semiconductors, and resistors.

Electrical noise can also be in the 
form of radiated EMI (RFI), noise that 
travels through the air or free space as 
magnetic fields or radio waves. RFI is 
usually controlled by providing metal 
shielding that contains the magnetic 
fields or radio waves within the 
equipment�s enclosure.

Meeting EMC standards
EMI filtering circuits are employed so 
the end product complies with appli-
cable EMC standards. Among the most 
frequently cited EMC standards are 
EN55022 for IT equipment, EN55011 
for industrial equipment, and, in the 
U.S., FCC Class A for commercial or 
industrial equipment or FCC Class B 
for residential equipment.

FCC Class B is tougher and more 
restrictive than Class A. For the ma-

All about EMI filters
Selecting these devices requires identifying the type and 
source of interference as well as applicable standards

jority of these standards, the con-
ducted EMI frequency range is usual-
ly defined as being between 150 kHz 
and 30 MHz, as measured by a spec-
trum analyzer. In some cases, this 
range begins as low as 10 kHz. By 
comparison, RFI is usually defined to 
range from 30 MHz to 1 GHz.

EMI sources
Most electrical and electronic devic-
es can generate and/or be affected by 
EMI. Sources are everywhere and in-

clude ac motors, fluorescent bulbs/
ballasts, light dimmers, microwave 
ovens, microprocessors, computers, 
and switch-mode power supplies.

Within switch-mode power sup-
plies, a high dc voltage is chopped or 
switched at a high frequency that 
can range from 50 kHz to 1 MHz. 
This high-speed switching process is 
intrinsic to switch-mode power sup-
plies and provides its improved effi-
ciency and reduced size when com-
pared to linear power supplies.

However, as a side effect, this 
switching generates unwanted EMI. In 
fact, most conducted EMI within 
switch-mode power supplies originates 
from the main switching MOSFETs, 
transistors, and output rectifiers.

In either power supplies or elec-
tronic equipment, it is the function 
of the EMI filter to keep any internal-
ly generated noise contained within 

the device and to prevent any exter-
nal ac line noise from entering the 
device. EMI filters usually comprise a 
network of passive electronic compo-
nents including capacitors and induc-
tors that form L-C circuits.

Since unwanted EMI is at much 
higher frequencies than normal sig-
nals, the EMI filter works by selectively 
blocking or shunting unwanted high-
er frequencies. Basically, the inductive 
part of the EMI filter is designed to act 
as a low-frequency pass device for the 

ac line frequencies 
and a high-frequen-
cy blocking device.

Other parts of 
the EMI filter use 
capacitors to bypass 
or shunt unwanted 
h ig h - f r e que nc y 
noise away from 
the sensitive cir-
cuits. The net result 
is that the EMI fil-
ter significantly re-
duces or attenuates 
any unwanted 
noise signals from 

entering or leaving the protected 
electronic device.

Common and differential-
mode noise
Conducted EMI is divided into two 
main types: Common-mode noise 
(CMN) and differential-mode noise 
(DMN). CMN, a.k.a. asymmetrical 
noise or line-to-ground noise, exists 
on both sides of the ac input (line 
and neutral), in-phase with itself rel-
ative to ground.

The CMN current flows in the 
same direction on both power con-
ductors and returns via the ground 
conductor. CMN can be suppressed 
by the use of inductors within an 
EMI filter that are placed in series 
with each power line and by Y-capac-
itors that are connected from both 
power line conductors to ground.

DMN, a.k.a. normal mode, sym-
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Fig. 1. The schematic shows a typical EMI filter used to suppress conducted EMI noise.
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