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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Operating Characteristics Analysis of Current-Resonant Push-Pull Converters

Name: Oku Masataka

This dissertation describes the analysis of the operating characteristics, including surge
voltages, of the current-resonant half-wave and full-wave push-pull converters.

DC-DC converters that perform power conversion inside switching power supply circuits are
required to be small, light, and highly efficient. It is well-known that in principle, further reduction in
size and weight can be realized by operating at higher switching frequency. On the other hand, a
major problem is that decreasing converters' efficiency because of increasing of switching losses and
high-frequency noise. For this problem, the soft switching technology developed in the 1980s has
made it possible to solve a considerable part. A typical example of this soft switching technology is
resonant converters. Resonant converters use circuit resonant phenomenon to make switching
elements to perform zero-voltage switching (ZVS) or zero-current switching (ZCS) operation, thereby
realizing both high-frequency operation and high efficiency of the converters.

Resonant converters are roughly classified into isolated converters and non-isolated converters,

this dissertation deals with isolated resonant converters. Isolated resonant converters have not only an
isolation function, but also feature of protection on the secondary side when the primary side is
short-circuited and vice versa, and a high degree of freedom of selecting the buck-boost ratio. In
addition, there is an advantage that the leakage inductance of the transformer can be used as the
resonant inductor. In this dissertation, the analysis targets are the current-resonant push-pull
converters (half-wave/full-wave). These converters’ have advances that the number of MOSFETSs
used in the isolated resonant converter is relatively small, the switch drive circuit design is easy
because of the source of the MOSFETs is connected to the same ground, and boost characteristics can
be obtained easily. An application example of these converters, power conditioners for solar cells is
considered.
For previous researches of current-resonant push-pull converters, there are problems. There are as
follows: steady-state analysis is not conducted with considering the magnetizing current of the
transformer and power loss, and the state-space averaging equations which describe converters’
characteristics have not been obtained. In particular, since magnetizing current affects various
characteristics of the resonant converters, it is necessary to consider the magnetizing current to
understand the operating characteristics of the converters accurately and design with high accuracy.

In addition, when current-resonant push-pull converters are actually operated, high surge
voltage is generated in the primary switches. However, previous researches have not investigated on
this surge voltage. It is important to quantitatively know the surge voltage or the peak voltage
generated in the switches in order to prevent from being damaged to the devices.

The purposes of dissertation are summarized the following two points: (1) Derivation of the
state-space averaging equations, and investigating the affects that the magnetizing current and power
loss give the accuracy of the theoretical value. (2) Investigating the surge voltage generated in the



primary side switches of the current-resonant push-pull converters quantitatively, and studying the
reduction method.
This dissertation is composed of six chapters, and the contents are as follows.

Chapter 1 first describes the research background, purpose, and outline of this dissertation.
Next, some isolated resonant converters and overview of the resonant push-pull converter which are
analyzed in this dissertation are introduced. Finally, state space averaging method which is a standard
operation analysis method for DC-DC converters is described.

Chapter 2 describes the results of the steady state analysis of the current-resonant half-wave
push-pull converter, taking into account the transformer magnetizing current and power loss. State
space averaging equations which are derived, the estimation method of the power loss, and the
calculation results of the magnetizing current are showed as main results. The analytic results are
compared with the experimental results, and it is shown that the analytical accuracy is greatly
improved by considering the magnetizing current. In addition, the individual losses estimation is
shown as a breakdown of the internal losses integrated into one resistance in the analysis.

In Chapter 3, mechanism of the surge voltage generation in the primary switches of the
current-resonant half-wave push-pull converter is investigated, and the analytical result of surge
voltage is described based on an equivalent circuit. The obtained analytical result is compared with
the experimental results, and the validity of the analytical result is quantitatively examined. In
addition, As the surge voltage reduction method, the result of studying the addition of RC snubber
and the use of SiC-MOSFET.

In Chapter 4, operating analysis of the current-resonant full-wave push-pull converter is
conducted. analytical model is introduced power loss and the magnetizing current of the transformer.
Effects of these two factors on analysis accuracy are examined quantitatively. Furthermore, an
approximate expression which represents the characteristics of the converter is derived by using the
obtained analytical results, and validity of the expression is shown quantitatively.

Chapter 5 describes the analytical result of the surge voltage generated in the primary side
switches of the current-resonant full-wave push-pull converter based on its generation mechanism and
equivalent circuit. Analytical result show that surge voltage decreases as the output current increases,
this result agrees with experimental result. As the surge voltage reduction method, the result of
studying the addition of RC snubbers is described.

Chapter 6 describes the conclusions of this dissertation. For the current-resonant push-pull
converters (half-wave/full-wave), results of the steady-state analysis based on the state space
averaging method and surge voltage analysis are summarized below the main results. Finally, future
works are described.



