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Abstract — The aim of this paper is to evaluate the use
of circuit simulation software for prediction of conducted
EMI generated by static converters. First, the conducted
EMI generated by a flyback converter is measured using
an artificial mains network. Afterward, the flyback
circuit was modeled using circuit simulation software.
Non-idealities inherent to a real circuit were added to the
model in a step-by-step manner to evaluate their effect in
the conducted EMI generated. Finally, the EMI
measured through the simulated model gets very close to
the measured EMI, assuring the advantage of using
circuit simulation software to predict conducted EMI
levels from static converters.
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I. INTRODUCTION

The usual techniques for putting equipment in conformity
with the Electromagnetic Compatibility (EMC) standards can
be applied in the various stages of design. These techniques
can act in the generation and/or the propagation of the
Electromagnetic Interference (EMI). It is necessary a good
understanding of the process of EMI generation and
propagation to apply effectively these EMI reduction
techniques.

An important tool in the study of the EMI related to static
converters is their simulation via software. With this
simulation tool, it is possible to predict the amount of
generated EMI and the paths by which it is going to probably
propagate. The accurate modeling of the components that
compose the converters is a problematic issue in the
reproduction of its operation. From the EMC viewpoint, it is
necessary to consider the intrinsic non-idealities of
semiconductors, resistors, inductors, capacitors,
transformers, printed circuit board tracks, etc. These non-
idealities are usually modeled as coupled capacitances and
inductances, as well as intrinsic resistances of the
components.

This paper presents the study, from the EMC viewpoint,
of a static converter (220Vac/24Vdc, 24W) using flyback
topology. This converter is analyzed using circuit simulator
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software. The obtained results and the models adopted in the
simulation are validated with the converter practical
implementation.

II. FLYBACK CONVERTER — EXPERIMENTAL RESULTS

For the experimental study, measurement of drain-source
voltage in the power transistor and measurement of
conducted EMI were carried out. These measurements will
be compared with the results obtained via simulation. In Fig.
1, one can realize the waveform of the drain-source voltage
acquired from the converter’s MOSFET power transistor. In
Fig. 2, one can realize the harmonic analysis of the drain-
source voltage waveform. From Fig. 2, one can realize that
the 16™ harmonic component has a higher level than the
precedent and subsequent harmonic components. In Fig. 3,
the measurement of the conducted EMI generated by the
converter is presented. One can realize that around the
frequency of 508 kHz (16™ harmonic component), there is an
increase in the spectrum amplitude.

III. FLYBACK CONVERTER — SIMULATED RESULTS

For the simulations, it was used the circuit simulator
software SPICE 8.0 (evaluation version). Fig. 4 and Fig. 5
present the converter schematic without non-idealities and
with non-idealities, respectively. Fig. 5 also shows the
inclusion of an artificial mains network (Line Impedance
Stabilization Network — LISN), which acts as a transducer
for EMI measurement.
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Fig. 1 — Drain-source voltage waveform.
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Fig. 2 — Harmonic Analysis of drain-source voltage waveform.
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Fig. 3 — Frequency spectrum from the conducted EMI propagated through
feeding cables.
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Fig .4 — Flyback converter schematic without non-idealities.
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Fig. 5 — Flyback converter schematic with non-idealities.

For the simulation, it was used a simplified model and,
when new elements concerning non-idealities were added,
the conducted EMI was measured. Non-idealities adopted
were:
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e In the transformer circuit it was added the primary
winding resistance (R33). The resistance of the
secondary winding was negligible due to conductor
gauge. Also, in the transformer it was added the
capacitance (C47), which represents the capacitive
coupling between the windings (inter-winding
capacitance).

e The elements of the clamping circuit were added (D26,
D27, R17, C4)

e Two diodes (D23, D25) were added because this was
the actual configuration of the experimental converter.
In parallel with these diodes, the capacitor (C48) was
added representing its capacitances.

e Resistors (R11, R12, and R13) were added because they
are in the experimental structure and are used for
sensing the MOSFET (M6) drain-source current.

e Capacitor (C43) was added to represent the coupling:
Drain/Heat sink/Ground.

e Resistor (R15) was added too, because it is in the
experimental structure with the purpose of discharging
the rectifier filter capacitor (C21). In this capacitor, its
equivalent series resistance (R34) was added.

e The coupling factor of the transformer was changed.

e In the capacitor (C2), it was added its series resistance
(R35).

e Parallel to the MOSFET (M6), it was added a capacitor
(C49) to represent its output capacitance.

e It was added capacitor (C44) to represent the coupling
output/ground.

e The power supply was omitted. Therefore, the noise
generated by the converter will flow through resistor
(R23). To accomplish this, capacitor (C21) starts with an
initial condition.

e In parallel with each one of the rectifier bridge’s diodes,
capacitors (C41, C42, C51 and C52) were added to
represent the parasitic capacitance between these
element’s terminals.

e Resistors (R16, R29 and R25) were added to prevent
convergence problems from the circuit simulation
software. As the additional resistance of these elements
is of quite high value, they do not interfere with the
simulation results obtained.

Fig 6 shows the first circuit simulated. Fig. 7 shows the
drain-source voltage from power transistor (M6). Fig. 8
shows the harmonic analysis from the drain-source voltage
of power transistor (M6). Finally, Fig. 9 shows the
conducted EMI simulated, i.e., measured through the
artificial mains network of Fig. 6. Also from Fig. 6, one can
realize that the circuit already presents some non-idealities,
which are indicated.

From Fig. 9 one can realize that the measured noise has a
lower level when compared to the amplitude values given in
Fig. 3 (conducted EMI, measured). However, the drain-
source voltage waveform shown in Fig. 7 is similar to the
waveform obtained through experiment. The EMI is being
generated, but it is not propagating outside the converter.

Fig. 10 shows the second simulated circuit, and Fig. 11
shows the drain-source voltage waveform obtained. Fig. 12



shows the harmonic analysis of the drain-source voltage. Fig. 0
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Fig. 10 — Second simulated circuit.

Fig. 6 — First circuit simulated.
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Fig. 8 — Harmonic analysis from drain-source voltage.
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Fig. 13 — Conducted EMI measured in the artificial mains of the simulated
circuit.

Fig. 14 shows the third simulated circuit. Fig. 15 shows
the drain-source voltage waveform. Fig. 16 shows the
harmonic analysis from the drain-source voltage and Fig. 17
shows the conducted EMI associated with circuit from Fig.
14.

Analyzing the result presented in Fig. 17, one can realize
the influence of the inter-winding capacitance from the
transformer in the conducted EMI. Also, one can realize that
this capacitance (C47) has more influence in the high
frequency range, particularly in the 3MHz to 30MHz
frequency range. The influence of the inter-winding coupling
capacitance in the EMI propagation is known [5]. However,
this phenomenon is not easy to be isolated and treated. So,
simulation demonstrates to be a useful tool in the prediction
of the amount of conducted EMI generated by a static
converter and the paths by which it is going to propagate.
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Fig. 14 — Third simulated circuit.
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Fig. 15 — Drain-source voltage waveform.
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Fig 17 — Conducted EMI measured in the artificial mains of the simulated
circuit.

Fig. 18 shows the last simulated circuit. Fig. 19 shows the
drain-source voltage waveform from the MOSFET (M6).
Fig. 20 shows the harmonic analysis from the drain-source
voltage. Fig. 21 shows the conducted EMI associated to the
Fig. 18 circuit.

From Fig. 21 one can realize that the conducted EMI
simulated is very close to the measured result. The drain-
source voltage presented in Fig. 19 and its respective
harmonic analysis in Fig. 20 are very close to the
experimental results. The harmonic component of 506 kHz is
in evidence. The results show that capacitance (C43), which
represents the capacitive coupling between drain/heat
sink/ground, has a strong influence in the frequency range
that extends from 150 kHz to 3 MHz, as in the case of the
inter-winding capacitance in the transformer. The influence
of the path associated to the drain/heat sink/ground
capacitance now is known, but is hard to analyze.

IV. CONCLUSIONS

The presented results evidence the validity of simulation
as a tool for studying the EMC generation and propagation
mechanisms in static converters. The EMI generation and
propagation in a static converter were reproduced with a
high degree of similarity by using simulation software, like
SPICE.

From the experimental and simulated results, one can
realize the influence of commutation parameters in the
generated EML.

Also with the experimental and simulated results one can



realize the influence of static converter components’ non-

idealities in the generated and propagated EMI.
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Fig. 18 — Last simulated circuit.
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The simulation studies demonstrated the influence of
inter-winding  transformer and drain/heat sink/ground
coupling capacitances in the propagated EMI. So, one knows
which non-idealities must be treated to solve particular
problems.

The study via simulation of EMI concerning static
converters requires from the researcher a deep knowledge of
the converter under analysis, of the simulation software
parameters and of EMC and EMI.
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Fig. 21 — Conducted EMI measured from artificial mains of the Fig 18
circuit.
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