
By STEVE TARANOVICH, Contributing Editor

I
n Part 1, we discussed electromagnetic interference 
(EMI) in spacecraft electric propulsion systems (EPS), 
communications equipment, radar, navigation systems, 
IFF systems, and wireless-power-transfer designs. Part 2 

again addresses how EMI is defined and looks at its effects 
on PCBs and other digital systems, plus presents one meth-
od to reduce EMI.   

EMI is essentially a disturbance caused by an electro-
magnetic field that prevents the proper performance in an 
electrical/electronic system. EMI can emanate from both 
natural and man-made sources, for example, the Sun’s or the 
Earth’s magnetic fields. 

Most of the EMI that creates problems for precision re-
search applications comes from stray magnetic or electrical 
fields that are generated by electrical machinery or electrical 
equipment. In the case of a data path, these kinds of EMI ef-
fects can cause problems ranging from an increase in error 
rate to a total loss of data.

The National Institute of Standards and Technology 
(NIST) defines EMI as “an electromagnetic disturbance that 
interrupts, obstructs, or otherwise degrades or limits the ef-
fective performance of electronics/electrical equipment.”

EMI will lead to poor operation, malfunctioning, and can 
even stop circuitry from working at all. System circuit de-
signers need to design their architectures to prevent EMI 
disturbances that can negatively affect their electronics per-
formance. 

Man-made or even natural EMI sources can be mini-
mized or even blocked via electrical shields. The choice of 
using higher-quality electronic components could help as 
well. Finally, error-correction methods4 may reduce EMI 
effects.

Let’s look at other examples as to how EMI can be pre-
vented or at least minimized in electrical/electronic systems.

EMI in PCB-Based Electronic Systems
EMI will affect the performance of RF, clock, and digital 

systems on a printed circuit board (PCB).1 Voltage and cur-
rent induction can happen in any region of a PCB, depend-
ing on the orientation and routing of the incident electro-
magnetic wave.

EMI Effects on the RF System
Voltage and/or current induction will occur in any region 

of the PCB depending on the routing and orientation of the 
incident electromagnetic wave. Figure 1 illustrates the out-
put spectrum of the oscillator (Osc), with HLNA and HFilter 

How Does EMI Affect 
Various Electronic 
Systems? (Part 2)
Part 2 addresses other electronic systems that feel the impact of EMI and how SSFM 
can help tackle the problem.

1. EMI can appear in various places in an RF receiver system. (Image 

courtesy of Reference 1)

2. This image shows the effect of EMI on a sequential digital system. 

(Image courtesy of Reference 1)
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as the transfer functions of the low-noise amplifier (LNA) 
and filter, respectively. 

Shown is the total induced effect of EMI on an RF receiv-
er PCB system. The orientation and routing of the incident 
electromagnetic wave leads to the voltage/current induction 
in any region of that PCB.

EMI Effects on Digital Systems
Just as in the section above, EMI also can be induced into 

each area of a sequential digital system.1 Therefore, the volt-
age/current induction can happen 
to any region of the PCB depending 
on the orientation and routing of the 
incident EMI wave.

EMI Effects on an Information 
System2

The following study examines the 
possible impact of EMI on an infor-
mation system composed of radar 
systems, communication stations, 
and an information processing cen-
ter. 

The performance of the informa-
tion system, and particularly the 
digital communication system, must 
be evaluated. Possible EMI sources 
will mostly derive from neighboring 
radar systems. A thorough analysis 
will help optimize the design of an 
information system under this electromagnetic (EM) envi-
ronment.

One thing to keep in mind is that digital microwave cir-
cuitry should be located more than 10 km from radar sourc-
es to prevent any EMI disturbance. This distance, though, 
will likely lead to higher system costs and additional system 

design requirements.
Let’s take a case of four sets of C-band radar stations (RS) 

that are quite close to the communication station (CS)—far 
less than 10 km. This will facilitate the transfer of the radar 
signal. Now, the electromagnetic-compatibility (EMC) de-
sign also will be more difficult and greatly affect the perfor-
mance of the communication system networks.

Now, the communication network for the information 
system will need to exchange data and transmit between the 
radar and the control center. The major parameter for evalu-
ating the performance of the communication system will be 
the bit error rate (BER).

The information system under study is composed of four 
RS, two CS with four distinct means of communication 
links, and one information processing center (IPC). In this 
example, the RS communication is of most importance; the 
rest of the systems will be standby communication. Thus, 
only microwave communication will be relevant and stud-
ied in this example. Figure 3 shows a simplified topology of 
this information system.

Reducing EMI with Spread-Spectrum  
Frequency Modulation

Switching regulators are frequently deployed to power 
portable battery-operated designs in the form of dc-dc con-
verters. These dc-dc switching regulator devices are quite ef-
ficient and will extend battery runtimes for power portable 

devices. Unfortunately, a drawback 
of these efficient dc-dc converters is 
the fast current switching that can 
lead to a significant EMI source, 
which will quite possibly disturb 
the operation of other surrounding 
electronic devices. 

Enter spread-spectrum frequency 
modulation (SSFM), in which the 
EMI energy gets randomly spread 
amongst multiple frequencies in-
stead of being concentrated at just 
one frequency. To do this, the clock 
must be able to generate an SSFM 
output to synchronize the switching 
regulator.

Spread-Spectrum Clocking
In the SSFM method, the clock 

output is constantly moving, unlike 
a steady clock output. Such a steady clock can be easily af-
fected by locking onto nearby devices and even conformity 
test equipment. Consequently, these neighboring devices 
will accumulate emitted signal energy at the fixed clock fre-
quency or even that clock’s harmonic signals.

We can compare spectra in Figure 4, which is a spectrum 

4. Shown is a clock output frequency spectrum with 

and without SSFM. (Image from Reference 3)

3. The physical topology of this information system consists of four 

radar stations (RS) in C-band, two communication stations/trans-

ceivers (CS), and the information processing center (IPC). (Image 

courtesy of Reference 2)
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analyzer image of a square-wave clock signal. If SSFM isn’t 
used, most of the energy in the signal output is shown in Fig-
ure 2 at the programmed 500 kHz. When SSFM is turned on, 
the output frequency of the clock randomly shifts between 
400 and 500 kHz. Figure 4 depicts a frequency change of 100 
kHz, which is a 20% spreading.

Therefore, when SSFM is applied to a switching converter, 
the energy of the EMI at any high frequency will have an 
amplitude of 1/10 of a single, fixed clock frequency. The re-
sult of the lower amplitude frequency components reveals a 
marked reduction in EMI.

Summary
EMI is a disruption that can negatively affect an electrical 

circuit due to either electromagnetic induction or externally 
emitted electromagnetic radiation. EMI is defined as an in-
terference, from one electrical or electronic system to an-
other, generated via electromagnetic fields. This article pre-
sented more examples of how to prevent or minimize EMI 
disturbances in electronic systems.
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