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A Study on EMI Modeling of DC-DC Converter Using Noise-source Equivalent-circuit Model for
Optimal Filter Design
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Electromagnetic compatibility of power electronics systems has become an engineering discipline that should be
considered at the beginning stage of the design process. Many electromagnetic interference (EMI) models have been
proposed to predict conducted emissions from power converters and guide the EMI filter selection in the design phase.
The measurement-based equivalent circuit EMI models were developed to accurately describe EMI behavior in switched
power converters, making simulations faster and more stable comparing with physical lumped-circuit models. However,
since the switching fluctuation affects the measurement accuracy, the measured, actual noise spectrum is different from
the spectrum predicted without switching fluctuation. Moreover, to keep the model in the linear system, the load of the
converter must remain fixed because any change in the load value will require re-extraction of the model parameter.

In this study, an EMI model of DC-DC converter using noise-source equivalent-circuit model for optimal filter design
is proposed. Firstly, an approach called waveform decomposition method to remove the effect of switching fluctuation
is proposed. By using the proposed waveform decomposition method, the parameter identification accuracy is well
improved at higher frequencies. Besides, the inherent jitter behaves similar to the frequency modulation technique and
reduces the noise amplitude at higher frequencies. On the basis of the hypothesis that the inherent jitter has similar effect
to the frequency modulation technique, the reduction through the experimental approach using the spectrum caused by
switching fluctuation is estimated. To obtain the actual noise spectrum in reality, the actual noise spectrum is obtained
by the “ideal” spectrum using the waveform decomposition method considering the switching fluctuation effect. By
accounting for switching fluctuation, the predicted noise spectrum agrees with the measured noise spectrum with 1024
times averaging. Moreover, it is discussed that the proposed model is applicable to different types of DC-DC converters
using the buck and boost types converters as an example. Finally, a load-variable equivalent circuit model focused on
normal mode noise from DC-DC converter with various load values is discussed.

In summary, this thesis focuses on the equivalent-circuit EMI models for conducted emissions from DC-DC
converters and its wide applicable range. This thesis is organized as follows. Chapter 2 introduces the proposed noise
source model and the waveform decomposition method for accuracy improvement. Chapter 3 explains the noise
reduction caused by the switching fluctuation and evaluates the noise reduction due to switching fluctuation. Chapter 4
treats general applications of the proposed model using a boost type converter and a GaN-based buck converter as an

example. Chapter 5 describes the extension of the model to load-variable application.
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