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Introduction to Power Electronic
Converters

Power electronic converters are a family of electrical circuits which convert
electrical energy from one level of voltage/current/frequency to another using
semiconductor-based electronic switches. The essential characteristic of these
types of circuits is that the switches are operated only in one of two states -
either fully ON or fully OFF - unlike other types of electrical circuits where the
control elements are operated in a (near) linear active region. As the power
electronics industry has developed, various families of power electronic con-
verters have evolved, often linked by power level, switching devices, and topo-
logical origins. The process of switching the electronic devices in a power
electronic converter from one state to another is called modulation, and the
development of optimum strategies to implement this process has been the
subject of intensive international research efforts for at least 30 years. Each
family of power converters has preferred modulation strategies associated with
it that aim to optimize the circuit operation for the target criteria most appropri-
ate for that family. Parameters such as switching frequency, distortion, losses,
harmonic generation, and speed of response are typical of the issues which
must be considered when developing modulation strategies for a particular
family of converters.

Figure 1.1 presents a categorization of power electronic converters into
families according to their type of electrical conversion. Of these families, con-
verters that change energy to or from alternating current (AC) form involve
much more complex processes than those that solely involve direct current
(DC). The purpose of this book is to explore the converter modulation issue in
detail as it relates to high power DC/AC (inverting) and AC/DC (rectifying)
converters, with particular emphasis on the process of open-loop pulse width
modulation (PWM) applied to these types of converters. This chapter presents
the fundamentals of inverter structures, block-switching voltage control, and
space vector concepts, as a foundation for the material to follow.
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Figure 1.1 Families of solid state power converters categorized
according to their conversion function.

1.1 Basic Converter Topologies

1.1.1 Switch Constraints

The transistor switch used for solid state power conversion is very nearly
approximated by a resistance which either approaches zero or infinity depend-
ing upon whether the switch is closed or opened. However, regardless of where
the switch is placed in the circuit, Kirchoff's voltage and current laws must, of
course, always be obeyed. Translated to practical terms, these laws give rise to
the two basic tenets of switch behavior:

• The switch cannot be placed in the same branch with a current source
(i.e., an inductance) or else the voltage across the inductor (and conse-
quently across the switch) will become infinite when the switch turns
off. As a corollary to this statement it can be argued that at least one of
the elements in branches connected via a node to the branch containing
the switch must be non-inductive for the same reason.
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