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M
odern electronic systems are becoming 
progressively denser with a high level of 
integration. This article will present some 
tried and true methods to reduce electro-

magnetic interference (EMI) levels in power-supply system 
designs. Designers must be aware of serious EMI setbacks 
when they’re in the late stages of the design phase, which 
could otherwise lead to excessive costs in money and time. 

This article discusses how to improve EMI in terms of fil-
ter size and cost while reducing design time and complexity, 
especially in switch-mode power supplies (SMPS).

The switching effect in power metal-oxide semiconduc-
tor field-effect transistors (MOSFETs) leads to a significant 
source of EMI in the system. This effect will ultimately im-
pact system reliability.

EMI mostly appears from discontinuous input currents, 
high slew rates on switching nodes, and more ringing on 
switching edges that’s caused by parasitic inductances with-
in the power loop.

Sources of EMI in an SMPS
EMI can’t be addressed late in the circuit design phase, 

because it could lead to setbacks in cost and time. 
For example, consider the buck converter in Figure 1. It 

demonstrates how each element reveals itself within various 
frequency bands. 

To reduce the cost and size of the SMPS, designers are 
presently trying to increase switching frequencies, which 
will also enhance efficiency. However, this shift to higher 
switching frequencies will lead to more EMI problems. Now 
designers will need to freely integrate EMI mitigation meth-
ods that will not compromise the power-supply design.

The above rules are well established in industry-standard 
specifications like Comité International Spécial des Pertur-
bations Radioélectriques (CISPR) 25 for the automotive 
industry, and CISPR 32 for multimedia equipment. Inter-
ference will be limited to a particular level, and susceptible 
circuits will be capable of handling that level of interference.

Minimize the EMI in  
Your Power Supplies
Various methods, from shielding to optimized PCB layout, can be applied to significantly 
reduce high levels of EMI in power supplies.

1. Shown is a prime example of EMI sources in an SMPS (Courtesy of Texas Instruments)
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Approaches for Reducing Interference
Designers must know the applicable standard for each 

given application. Also important is to understand how to 
measure EMI, since this knowledge will give engineers bet-
ter insight into reducing EMI.

In automotive design that involves long wire harnesses, 
conducted EMI relates to their increasing number in the lat-
est vehicles. Some of the best ways to prevent or mitigate 
EMI:

Shielding 
This is likely the best means to contain coupling or ra-

diation EMI. Shielded metal housings and coatings can be 
used. Also, cables should be shielded to prevent external 
EMI from affecting sensitive components. 

Filtering 
Employ filters to eliminate unwanted 

signals. Passive filters may be frequently 
employed to minimize EMI. Also, an AC 
line filter may prevent undesirable sig-
nals from entering the power supply or 
other powered circuitry. An integrated 
active EMI filter will help lower differ-
ential-mode (DM) conducted emissions 
at the input to a system, because it can 
serve as a very effective low impedance 
shunt (Fig. 2). 

Ferrite beads can also suppress high-
frequency noise.

Grounding  
Grounding typically provides a low 

impedance path for  EMI. When a sys-
tem is properly grounded, EMI is di-
verted from critical equipment, improv-
ing power quality. Be sure to use proper 

grounding on a printed circuit board (PCB) and keep trace 
lengths short and away from PCB edges if possible. Also, 
minimize loop areas on the PCB to reduce radiated emis-
sions.

Twisted-pair cables can help to reduce common-mode 
noise, too.

More Layout Tips
Let’s look at the PCB layout for a typical DC-DC buck 

converter, which is crucial to optimal performance. The 
PCB layout is a crucial factor in achieving optimum EMI 
performance of the converter. In the buck converter, the 
loop formed by the input capacitor(s) and power ground 
is the most critical area. This loop will have large transient 
currents that lead to high transient voltages when they react 

2. This is an active EMI filter with sense, components for compensation, and inject capacitors (Cinj). (Courtesy of Texas 
Instruments)

3. Traces in the input current loop must be wide and short. The loop area 
should also be as small as possible to reduce parasitic inductance. (Courtesy 
of Texas Instruments)
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with trace inductance.
Designers must be aware of the traces in this loop, which 

must be wide and short. The loop area also must be as small 
as possible to reduce parasitic inductance (Fig. 3). Complete 
layout guidelines are given in Reference 2.

Avoiding EMI Disruption
EMI in a design can ruin a designer’s day. It crops up 

when electromagnetic fields, which are generated by electri-
cal/electronic systems, interfere with one another. This may 
lead to serious disruptions in circuitry, thus causing inter-
ruptions that can affect nearby electronic devices. A variety 
of methods can be applied to minimize EMI, as discussed 
in this article.
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