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In all chaos there is a cosmos, in all disorder a secret order, in all caprice a fixed law.

—Carl Gustav Jung (1875-1961)1

1.1 INTRODUCTION TO POWER ELECTRONICS

Most branches of electronics are concerned with processing information or signals; in
contrast, power electronics deals with the processing of electrical energy. Power con-
verters do not have an end of their own, but are always an intermediary between an
energy producer and an energy consumer. The field is one of growing importance: it
is estimated that during the twenty-first century, 90% of the electrical energy gener-
ated in developed countries will be processed by power electronics before its final
consumption.

Power electronics is a "green" technology, with three main aims:

• To convert electrical energy from one form to another, facilitating its regulation
and control

• To achieve high conversion efficiency and therefore low waste heat
• To minimize the mass of power converters and the equipment (such as motors)

that they drive.

Unlike other areas of analog electronics, power electronics uses semiconductor
devices as switches. Since electrical power supplies can be either dc or ac, there are
four basic types of power converter: ac/dc converters, dc/ac converters, dc/dc con-
verters, and ac/ac converters. Here ac typically refers to nominally sinusoidal vol-
tage waveforms, while dc refers to nominally constant voltage waveforms. Small
deviations from nominal are tolerable. An ac/dc converter (which has an ac
power source and a dc load) is also called a rectifier, and a dc/ac converter is
called an inverter.

1. The archetypes and the collective unconscious, in Collected Works, 2nd ed., vol. 9, part 1, Routledge &
Regan Paul, London, 1968, p. 32.



Chapter 1 Introduction

Power electronics technology is increasingly found in the home and workplace
[1,2,3,4]. Familiar examples are the domestic light dimmer, switched-mode power sup-
plies in personal computers, heating and lighting controls, electronic ballasts for fluor-
escent lamps, drives for industrial motion control, induction heating, battery chargers,
traction applications such as locomotives, solid-state relays and circuit breakers, off-
line dc power supplies, spacecraft power systems, uninterruptible power supplies
(UPSs), conditioning for alternative energy sources, automobile electronics, and electric
vehicles.

High efficiency is needed in order to reduce energy costs, but also because it
reduces the amount of dissipated heat that must be removed from the power converter.
Efficiencies of higher than 99% can be obtained in large, high-power systems, while
small, low-power systems may have efficiencies closer to 80%. The goal of high effi-
ciency dictates that the power processing components in the circuit be close to lossless.
Switches, capacitors, inductors, and transformers are therefore the typical components
in a power electronic converter.

The switches are operated cyclically, and serve to vary the circuit interconnec-
tions—or the topological state of the circuit—over the course of a cycle. The capaci-
tors and inductors perform filtering actions, regulating power flows by temporarily
storing or supplying energy. The transformers scale voltages and currents, and also
provide electrical isolation between the source and load. Ideal switches, capacitors,
inductors and transformers do not dissipate power, and circuits comprising only such
elements do not dissipate power either (provided that the switching operations do not
result in impulsive currents or voltages, a constraint that is respected by power con-
verters).

In particular, an ideal switch has zero voltage across itself in its on (or closed, or
conducting) state, zero current through itself in its off {or open, or blocking) state, and
requires zero time to make a transition between these two states. Its power dissipation is
therefore always zero. Of course, practical components depart from ideal behavior,
resulting in some power dissipation. However, for the types of dynamic behavior exam-
ined in this book, it suffices to assume ideal switches.

1.1.1 Power Switching Devices

The key to power electronics is the availability of suitable switching devices. The
main types are listed below.

• Diode: Diodes may be thought of as passive switches, or non-return valves.
Ideally the resistance is zero for current in the forward direction (the forward-
biased case), so the diode functions as a closed switch under this condition; and
the resistance is infinite for voltages applied in the reverse direction (the reverse-
biased case), so the diode then functions as an open switch. The types currently
available include fast recovery pn junction, p-i-n, and Schottky diodes. The latter
have low conduction loss and negligible charge storage, and are widely used at
low voltages.

• Thyristor or SCR: The SCR is a pnpn device that may be thought of as a
diode with an additional gate terminal. When reverse biased, it blocks the
flow of current; when forward biased, conduction is inhibited until a trigger
pulse is applied to the gate. The SCR then conducts until the current through


