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Introduction

Products fail electromagnetic interference (EMI) tests. This can
be a disappointing experience, or it can be part of a design
strategy that seeks to implement only the needed countermea-
sures and thus accepts, or even encourages failures on the initial
EMI test. Either way, the reason for the failure must be deter-
mined. A variety of methods exist that help locate the source,
coupling path, and antenna. No single method is the best
option in all cases. A good electromagnetic compatibility
(EMC) engineer should understand and have experience with a
wide range of failure analysis methods and thus be able to
select the most appropriate ones for a given problem.

This series of articles explains a set of methods for the analy-
sis of EMI failures. Each method is categorized based on two
criteria: 1) Does the method determine the source, coupling
path or the antenna of an EMI problem? 2) Is the method sim-
ple, or does it require special equipment and advanced process-
ing? We want to explain methods and guide EMC engineers
in selecting the right one by evaluating the advantages and
limitations of each method. Table 1 provides an overview of
the major EMI analysis techniques that have been studied and
practiced in our lab.

In this article, several frequency spectrum analysis strate-
gies are suggested. Often the spectrum is just observed using
typical EMI settings: 120 kHz resolution bandwidth (RBW),
peak or quasi-peak. However, with very little effort more in-
formation can be obtained just using the spectrum analyzer.
At first, it is worthwhile to distinguish broadband from nar-
rowband signals. Then zero span analysis is suggested. If an
oscilloscope is attached to the antenna, the time evolving spec-
trum can be observed and the correlations between near-field
probing and far-field can be performed. Some of these analy-
ses could quite easily be implemented in automated software,
such that a critical frequency is analyzed further, to give the
designer additional information.

Broadband Spectrum Measurement

As a first step in EMI evaluation, an overview is useful of the
radiated emission from the EUT in the entire frequency range
of interest. Such an overview locates the problematic frequen-
cies in the spectrum and compares their amplitude with the
maximum allowed by EMC regulations {11. A typical far-field
measurement setup is shown in Figure 1.

A large RBW of 100 kHz ~ 1 MHz is usually used to
measure radiated emission from 30 MHz up. To obtain a
quick overview, max-hold is used while rotating the turn-
table and gathering data in both antenna polarizations and
at various heights.

A typical result is shown in Figure 2, which compares three
televisions (TV) of the same model. The broadband signals
around 65 and 270 MHz and narrowband signals at about 150
and 490 MHz are relatively strong in comparison with the
emission limit.

Differences are apparent among the supposedly identical
TVs. What can we learn from these differences? Experience
tells us that mass produced electronic boards are very similar,
but their mechanical assemblies are more likely to vary. For ex-
ample, contact between metal parts and routing of cables tend
to vary more than the signals on a PCB. Thus, at frequencies
where electronic products of the same model show consider-
able difference, a focus on these mechanical assembly factors can
help identify EMI coupling paths.

Narrowband Spectrum Measurement

Analysis of narrowband signals requires looking at the spectrum
near the carrier frequency. The objective is to find the EMI
source by correlating local signals to the far-field. This correla-
tion is trivial if there is only one semiconductor operating at
that frequency; this situation would be nice but it is rare. In
most systems, many integrated circuits (IC), or even modules,
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operate at the same frequency or with the same harmonics. The
underlying idea is to identify subtle differences in the near
spectrum among signals having the same frequency and then
correlate those differences to the far-field spectral signature.

For example, in a phase locked loop (PLL), the reference sig-
nal from a crystal oscillator has very low phase noise and no side-
bands. But the PLL might add phase noise and side bands. It is
sometimes possible to add a signal of e.g., 100 kHz to a clock
to cause some phase modulation (i.e., periodic jitter, sidebands)
in certain branches of a clock tree. If the 100 kHz sidebands
show up in the radiated emissions, it can be concluded that the
emissions are caused by the clock tree branches that contain
the intended phase modulation, which is easy to detect, and in
many cases will not affect the functionality of the system.

Figure 3 shows a narrowband measurement (100 Hz RBW
and 6 kHz span) of the far-field radiation at 125 MHz from a
mother board. There are two signals very close in frequency:
one is from the on-board clock, the other is PLL recovered from
LAN signal. In a broadband measurement, the two signals will
show up as one. To identify the signals, one method is to heat
up the crystal oscillator in the LAN switch that provides the
LAN signal to the PLL. The clock recovered from the incoming
LAN will follow the drift of the crystal oscillator frequency.

A data signal and clock signal provide another example.
Data signal is more likely to be amplitude modulated whereas
clocks are often phase modulated. Power supply variations may
modulate the PLL phase at the data frequency, thus data and
clock have similar sideband structures, but one is phase modu-
lated and the other is amplitude modulated. Zero-span analysis
or I/Q demodulation can differentiate between amplitude and
phase modulation, even if the sideband magnitude is the same.

Figure 4 shows the far-field signal from an EUT. The EUT
has many clocks, but they are all phase locked to an 18 MHz
reference. The insert in Figure 4 shows the near spectrum and
sidebands of the harmonic centered at 144 MHz. Those side-
bands are usually visible at kHz or lower span setting. For each
harmonic, the measurement software captures not only its am-
plitude in 120 kHz RBW, but also its sidebands in a span set
by the user, providing data for correlation between near-field
and far-field.

If it is not clear which IC is con-
tributing to the far-field emission,
the source can sometimes be iden-

atic radiation is caused by more than one antenna and coupling
path. In such situations counter-intuitive phenomena can be
confusing. For example, shielding a product may create stronger
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Fig. 1. Typical far-field broadband measurement setup.
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Fig. 2. Far-field radiation measurement on three TVs.
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Fig. 3. Narrowband measurement of the far-field radiation at 125 MHz from a
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Broadband Spectrum of a Clock Signal

sidebands. We will observe the spec-
trum shown in Figure 6.
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Fig. 9. Spectrum of the 667.6 MHz radiated signal has very
complex sidebands, together with some clock signals.

modulation (FM). IQ demodulation or a time domain view
helps. IQ demodulation is not implemented in many spectrum
analyzers, but zero span can reveal the amplitude demodulated
signal, provided that the modulation frequency is less than half
of the largest RBW of the spectrum analyzer.

The center frequency of the spectrum analyzer is set to the
frequency of interest using 0 Hz span, so that the horizontal
axis shows time instead of frequency. The RBW must be larger
than the spectrum occupied by the modulation, and the sweep
time needs to be adjusted to see the AM modulation.

Typically, switched power supplies have switching frequen-
cies between 30 kHz and 3 MHz. Data stream AM modulation
can have a much broader range, whereas periodic jitter of PLLs
has no amplitude modulation.

Zero span measurement reveals how the amplitude changes
with time for any modulated RF signal within a specified band-
width. Zero span measurement is quite useful to understand
which switched power supply is causing a broadband noise. In
the following case, an electronic device has a narrowband radi-
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Fig. 10. Zero span measurement data at 667.6 MHz with
50 ms and 100 pus sweep time.

ated signal centered at 667.6 MHz (Figure 9). The sidebands
of the signal are complex and unsymmetrical due to multiple
sources and modulations. An ordinary spectrum measurement
or time domain measurement cannot unravel the mixed signals.
But zero span measurement reveals several switching activities
of the complex signal under different sweep time settings. Fig-
ure 10 shows two amplitude modulation signals: one with a
periodicity of 16.7 ms (from 60 Hz AC power supply) with
down-going pulses, the other with a periodicity of about 15 ps
(from the 66.7 kHz switching frequency of one synchronous
buck converter). The next step would be using near field prob-
ing to locate the buck converter that switches at 66.7 kHz, and
compare or correlate the near field signal to the far field for
determining the EMI source signal.

Conclusion

This is the first article of a series covering different techniques
for EMI failure analysis. It presented an overview of the EMI
analysis techniques, and started with the basic measurements
that can be done with a spectrum analyzer to obtain more infor-
mation relative to the standard settings. The next article will
cover time domain methods and the time varying spectral con-
tent of signals.
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