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MEASUREMENT AND ANALYSIS OF CONDUCTED EMISSIONS USING THE
SPECTROGRAM

Abstract

All  electric  and  electronic  equipment  must  comply  with
electromagnetic  compatibility  standards  that  limit  the
amount  of  interference that  they can emit.  However,  the
process  to  mitigate  this  interference  can  be  sometimes
overwhelming, especially if the device under test presents
different modes of operation. In this case, it is needed to find
which mode presents the worst-case scenario and if it can
cause  the  test  to  fail.  This  becomes  a  long  and  tedious
process when the measurements are not done with a suitable
tool. In this application note, these measurements are done
with  EMSCOPE,  a  conducted-emission  measurement
instrument able to perform fast and agile measurements in
the whole frequency band, using its spectrogram function
(also  known as  waterfall  function)  and  combining  it  with
measurements  of  the  common-mode  and  differential-mode
emissions.
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Introduction to the Spectrogram function

A spectrogram is a visual representation of the signal spectra along time. The most common format uses one of the two axis
to  represent  the  time  evolution,  and  the  other  one  to  represent  the  frequency  span;  finally,  the  amplitude  of  the  signal  is
represented using a color scale, whose legend is usually placed at one of the plot sides. The instrument EMSCOPE, a double
channel electromagnetic interference (EMI) receiver, incorporates this function, which has additionally been smartly enhanced
to make the detection and solution of conducted-emission problems easier. The user can monitor a DUT for up to 600 sweeps
and can recover any of the two-dimensional (2-D) spectra for analysis and comparison purposes with, for instance, a standard
limit. Additionally, it can also be applied to common-mode and differential-mode measurements. In order to understand how
this function works, two basic examples are presented below.

Figure 1 shows the example of a spectrogram of a 15-MHz tone. In this particular case, the bandwidth of the measurement
spans from 150 kHz to 30 MHz (which corresponds to the band B in electromagnetic compatibility (EMC) measurements), as it
is seen in the horizontal axis. The vertical axis shows a capture of 15 seconds (slices are obtained at a rate of one per second
in this example). A lumpy blue color can be seen in most part of the image, which corresponds to the background noise
amplitude, except for the vertical line centered at 15 MHz produced by the sinusoidal tone with an amplitude of 100 dBμV.
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Figure 1. Spectrogram example: a single tone at 15 MHz.

Another basic example can be seen in Figure 2, where a pulsed tone has been captured. Instead of a continuous vertical line,
as the one seen in Figure 1, the spectrogram shows now a dashed (and spread) line, revealing the pulsed nature of the 15-
MHz signal.

Figure 2. Spectrogram example: a pulsed tone at 15MHz.

As an example, Figure 3 shows the 2-D spectra of one of the slices of the spectrogram shown in Figure 2. Since it corresponds
to the measurement done at the time slice -12 seconds, an interval of time where the pulsed signal is active, a 15-MHz tone
can be observed. The spectra of this slice, or any other slice of the spectrogram, can be plotted by simply clicking on one of
the desired slice points in the spectrogram image. The CISPR 32 Class B limits (QPK and AVG) have been plotted as well for
comparison purposes.
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Figure 3. Measured spectrum at time -12 seconds.

A practical example using an actual DUT

In conducted-emission tests, the spectrogram is a useful tool when measuring DUTs that present different modes of operation.
Usually, the conducted emissions can vary in each of these modes, and therefore, the EMC technician needs to analyze them
and design a suitable power-line filter able to keep the conducted emission levels below the limits in all those cases.

In this Section, an actual DUT that presents two modes of operation (as a simple case that can be latterly extrapolated to
more complex DUTs) is tested and analyzed using the spectrogram function. The DUT is a prototype of a microwave oven in
the final stages of its design, as seen in Figure 4. The test setup does not require any other instrument than an EMSCOPE,
since it integrates the transient limiters, a two-port LISN and the required software (measurements are obtained using a
simple web browser and no additional installation is needed; check EMSCOPE User’s Manual for further details).

Figure 4. DUT involved in the practical example.
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An initial measurement of its conducted emissions is depicted in Figure 5, along with the CISPR 32 Class B limits for QPK (top
line) and AVG (bottom line). Taking advantage of the two receivers present in the EMSCOPE, the QPK and CAVG emissions of
both power lines (Line and Neutral) can be measured simultaneously. As it can be seen, the QPK (blue and red lines for Line
and Neutral respectively) and CAVG (green and cyan lines for Line and Neutral respectively) emissions of both power lines are
above the limit for the whole frequency span between 150 kHz and 8 MHz. Besides, strong amplitude variations are observed
from one measurement to another. These variations are caused by the internal magnetron of the microwave oven. This
component generates the microwave radiation used to heat the food, and it is the main conducted-emission generator. Since
it is continuously turned on and off (to graduate the heating intensity), the conducted emissions of the microwave oven vary
in consequence. This behavior is better understood in the spectrogram of Figure 6, obtained using the QPK detector on Line
terminal, a dwell time of one second and a total frame time of 200 seconds.

Figure 5. DUT emissions: QPK detectors: Line in blue, Neutral in red. CAVG detectors: Line in green, Neutral in
cyan.
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Figure 6. Spectrogram. Line emissions. QPK detector. Emissions captured within 200 seconds.

The time slices colored with orange, red and yellow tones, which correspond to the higher emission levels, represent the
conducted emissions when the magnetron of the microwave oven is turned on. The blue ones, which correspond to lower
emission levels, represent the conducted emissions when the magnetron is turned off. Besides, the spectrogram of Figure 6
allows the analysis of the transient emissions when the magnetron is just turned on or off with extreme thoroughness.

As before, any of the slices can be seen in a 2-D plot. As an example, Figure 7 shows the conducted-emission spectra of the
microwave oven at a moment when the magnetron is turned on. As expected, the conducted emissions are well above the
limit.

Figure 7. QPK Line emissions at a specific time slice where the cavity magnetron is on.

The worst-case scenario has already been found, that is,  when the magnetron is turned on. Therefore,  the conducted
emissions generated in this mode need to be suitably mitigated to convert the DUT into a compliant one. However, there is
not enough information to design an optimal power-line filter yet. Conducted emissions need to be further investigated.

To this end, the spectrogram function has been applied to common-mode and differential-mode measurements. This can be
done since EMSCOPE incorporates two EMI receivers that can simultaneously analyze Line and Neutral. Figure 8 and Figure 9
show  the  spectrograms  of  the  common-mode  and  differential-mode  emissions  respectively,  that  present,  as  expected,  the
same pattern of variation as that of Figure 6. It can be also observed, using the colored scale of the spectrogram, that the
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common-mode emissions are higher than the differential-mode ones, and therefore, they require a higher mitigation.

Figure 8. Spectrogram. Common mode emissions. QPK detector.

Figure 9. Spectrogram. Differential mode emissions. QPK detector.

And, for completeness, the common-mode and differential-mode emissions of a time slice where the magnetron is turned on
are depicted in Figure 10 and Figure 11 respectively. Although both are above the limit, the common mode is the dominant
mode in the whole frequency range, as it was already observed in the spectrogram.
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Figure 10. Common mode emissions at a specific time slice where the cavity magnetron is on. QPK detector.

Figure 11. Differential mode emissions at a specific time slice where the cavity magnetron is on. QPK detector.

With all this information, the design of the power-line filter becomes a trivial task. The simplest structure of a power-line filter
is shown in Figure 12, which contains a X-type capacitor between line and neutral,  to mitigate the differential  mode, and a
common-mode choke and two Y-type capacitors from line to ground and neutral to ground to mitigate the common mode. A
resistor is added to discharge the capacitors when the voltage is disconnected.

The  power-line  filter  designed  in  this  particular  case  is  a  simple  filter  that  incorporates  a  X-type  capacitor  of  470  nF,  a
common-mode choke of 1.5 mH, and two Y-type capacitors of 4.7 nF. A resistor of 1 MΩ has been also added.
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Figure 12. Implemented filter.

The spectrogram of  the microwave oven measured using the QPK detector  on Line terminal,  after  having added the
implemented  power-line  filter  described  above,  is  shown in  Figure  13.  It  can  be  seen  that  the  amplitude  of  the  conducted
emissions when the magnetron is turned on has been considerably reduced. In order to check if they are below the CISPR 32
Class B limit  for  QPK,  one of  the time slices is  plotted in  Figure 14,  which certifies the suitable mitigation produced by the
addition of the designed power-line filter.

Figure 13. Spectrogram. Line emissions with the filter. QPK detector.
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Figure 14.  QPK Line emissions at  a  specific time slice where the cavity  magnetron is  on.  Equipment with the
designed filter.

A  full  conducted-emission  measurement,  obtained  with  the  designed  power-line  filter,  is  shown  in  Figure  15.  The  QPK  and
CAVG emissions of both power lines (Line and Neutral) are measured simultaneously. The DUT is now totally EMC compliant
with respect its conducted emissions.

Figure 15. Final DUT emissions with the filter: QPK detectors: Line in blue, Neutral in red. CAVG detectors: Line
in green, Neutral in cyan.
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Summary

In this note, a simple case of a DUT presenting two modes of operation, being one of them not compliant with the CISPR 32
Class B limits, has been analyzed through the spectrogram function of the instrument EMSCOPE. Thanks to the combination of
the  spectrogram  tool  with  the  modal-measurement  feature  (common-mode  and  differential-mode  emissions),  any  EMC
technician can design a suitable power-line filter to mitigate the conducted emissions in all  cases in a straightforward way.
This methodology can be easily extrapolated to more complex DUTs that present more modes of operation, considerably
reducing the design phase and therefore, the time-to-market of the DUT.
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