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Abstract — Conducted electromagnetic emission for a DC/DC buck converter is predicted in this study using a
frequency domain method. The noise source and noise path modeling taking into account parasitic elements of
PCB traces and power electronic components while providing accurate conducted electromagnetic compatibility
(EMC) noise levels. This approach will improve the conventional model by adding electromagnetic interference
(EMI) generated during switching transients. In the common-mode (CM) model, the parasitic oscillation created
during the turn-off of the diode and MOSFET is taken into consideration. The switching oscillation is simulated by
an equivalent circuit. Finally, the complete CM model of the converter is implemented under the SPICE simulator
in the frequency domain based on the Laplace Transform and confronted to experimental measurements. To test
the robustness of the modeling method, simulation results are compared to measurements.
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The time-domain simulation includes
INTRODUCTION

Today, the recent development in power
electronics has resulted in a considerable increase in
the number of static converters. On the other hand,
the evolution of the technology of semiconductor
component in terms of volume reduction and high-
frequency switching create more and more
importantly electromagnetic interference (EMI). The
study of electromagnetic compatibility has become a
mandatory requirement for designers of power
electronics circuits [1-5].

To predict the level of electromagnetic emissions
emitted by a static converter, it must be modeled. The
objective is to be able to evaluate the EMC impact of
the converter at the conception phase [6-8]. Previous
research has recommended two basic ways of the
conducted EMI prediction, the time and frequency-
domain approach. The time-domain approach uses
circuit-simulation software and the noise spectrum is
then obtained by a fast Fourier transform (FFT) [9,
10].

phenomena related to conducted interference and
allows the identification of the main sources and
propagation paths. But the time of this type of
simulation is very long, and there are also
convergence problems encountered when the circuits
become complex [11, 12]. The frequency-domain
approach is preferable because it requires a shorter
simulation time and has no convergence problem [9].
It’s based on the modelization of the emission sources
by voltage or current equivalent generators and the
propagation paths by localized impedances. In this
paper, simplified models are developed for each mode
to calculate conducted emission created by a static
converter, the simulation results are obtained directly
in spectral-domain and validated experimentally.

Il. PRESENTATION OF THE CONVERTER

Figure 1 presents the scheme of the converter, it
is supplied by V4 = 42V through a Line Impedance
Stabilized Network (LISN), the current load is ljpag =
3 A. The operating frequency is 20 kHz. The principal
components of the converter are the MOSFET IRFP



Buck CONVERTER COMMON-MODE EMISSION WITH THE FREQUENCY APPROACH 10

260 N, the diode BYT 08 P-400, and the decoupling
capacitor. The parasitic elements of PCB trace and

power electronic components are included, the
common-mode parasitic capacitors are Cp; gna,
CLZ_gnd and Cmid_gnd-
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Fig. 1. Converter model [13].
11l. FREQUENCY MODELING OF A CONVERTER

The common-mode noise can be predicted using
three subcircuits together as shown in figure 2.
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Fig. 2. Common-mode emission model.

The first is the low-frequency or conventional CM
subcircuit [13-15]. It contains a voltage source Vgioge @
decoupling capacitor and the parasitic capacitance C,,.

Where: Vgioge 1S a trapezoidal signal, its
representation in Laplace domain is [16]:
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Where: V is the voltage of DC bus; C, is the CM
propagation path [10, 17].

The two other high-frequency subcircuits are
related to the switching oscillation phase. They
contain a step current as an excitation source and a
decoupling capacitor. The parasitics elements of PCB
traces and power electronic components are taken into
consideration [18].

IV. SIMPLIFICATION OF SIMULATION MODELS

In this section, a simple representation in LTspice
simulator has been given, whichwill allow us
to calculate rapidly the differential and common mode
emission.

We can represent the switching phases (diode and
MOSFET turn-off) in figure 3 by their functions of
transfer Fpioqe—orr aNd Fyosrer—ofy Calculated by
the equation (2) and (3) respectively.
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Fig. 3. Switching phases (a) turn-off of the diode, (b) turn-off of
MOSFET.

We can represent the switching phases (diode and
MOSFET turn-off) in figure 3 by their functions of
transfer Fpioge—orr aNd Fyosrer—ors Calculated by:

1

FrosreT—off = P I 2)
Qw1 “wi
1
FDiode—off =——=1 ()
1-‘-szz-'-(w_z)

Where: 1; and 1, represent the excitations, their
frequency representations are given in (4) and (5)
respectively [12, 13, 18].
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R is the sum of parasitic resistors of

interconnections.
Leg1 = Legz are the sum of parasitic inductances
of interconnections.

Using the functions of transfer instead of the
high-frequency subcircuits in figure 2, the novel
simulation model of common-mode emission
becomes as illustrated in figure 4.
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Fig. 4. Novel model of common-mode emission

The expression of common-mode voltage is
written as follows:

(10)

V. VALIDATION MEASUREMENT

Figure 5 shows the prototype of measurement used
the simulation models

to validate
developed.

previously

Fig. 5. Prototype of the conducted measurement

The experimental and simulation results of the
common-mode emission are shown in figure 6.

A very good correspondence can be observed
between the spectra obtained by the modeling method
and the measurement across the entire frequency
range (150 kHz - 30 MHz).
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Fig. 6. Experimental and simulation results of the common-mode
emission

VI. PARAMETRIC STUDY

The interconnections of printed circuit boards have
been modeled using the method of moments, the
simulator Q3D is based on this modeling method. For
extracting the parasitic elements, the converter has
been implanted in this simulator as shown in figure 7.

Fig. 7. Modeling of interconnections of printed circuit boards

To test the robustness of the modeling method
developed previously, in this section we have
made some changes to the parameters of the
converter. A simulation study will be carried out and
compared with measurements to see the influence of
variation of each parameter on the common-mode
conducted emission.

To observe the influence of parasitic inductances
and resistances of trace on levels of conducted EMI, it
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has been chosen to realize the routing of the converter
with more long-traces than the first.
The second routing used, is presented in figure 8.

Fig. 8. Second routing used.

The common-mode emission experimental and
simulation results for both routings are shown in
figure 9.
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Fig. 9. Experimental (a) and simulation (b) results of common-

mode emission for both routing

To observe the influence of operating frequency
on the levels of conducted EMI, it has been realized

measurement and simulation with a 20 kHz, 60 kHz,
and 100 kHz.

The experimental and simulation results of the
common-mode emission are shown in figure 10.
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Fig. 10. Experimental (a) and simulation (b) results of common-
mode emission at different switching frequencies.

In the previous section, experiments and
simulations were performed with a 10 Q gate resistor.

To show the influence of gate resistor on the levels
of conducted EMI, experiments and simulations are
made when the converter working with 20 Q and 37
Q resistances, and the results of the common-mode
emission are presented in figure 11.
For each parameter, a very good correspondence can
be observed between the spectra obtained by the
modeling method and the measurement across the
entire frequency range (150 kHz - 30 MHz).
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Fig. 11. Experimental (a) and simulation (b) results of the
common-mode emission at different gate resistances

VII. CONCLUSION

This paper presents a frequency domain method
for predicting electromagnetic interference (EMI)
noise in DC/DC buck converter. Modeling of the
noise source and noise path and taking into account
parasitic elements of PCB traces and power electronic
components allows accurate conducted EMC noise
levels. In the adopted method the parasitic oscillation
created during turn-off of diode and turn-off of
MOSFET is adding to the conventional model. Based
on the Laplace transform, the CM model is
implemented under SPICE simulator in the frequency
domain.

The comparison of simulation results to
experimental results indicates the efficiency of the
proposed method for the conducted EMI prediction in
a DC/DC buck converter. The method can predict the
impact of various parameters such as PCB routing,
switching frequency, and gate resistance.
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