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This lecture aims to explain what power electronics is, the basic ideas of
how power electronics works, and at a high level how engineers design power-
electronic systems.
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1 What is power electronics?

Intuitively, power electronics involves the application of electronics to the condi-
tioning of electrical power. More precisely,

Definition 1: Power electronics [Ras14, Sec. 1.1], [Ras18, Sec. 1.1]

... is the study of electronic circuits intended to control the flow of electrical
energy, or equivalently the conversion of electric power, and which handle
power flow at levels much higher than individual device ratings.

In the definition above,

• We can see the central role of conversion, which can be defined as the modification
of one or more parameters of electrical energy by means of electronic devices,
without significant power losses [RRCV15, p. 1].

• We can also see three areas of electrical engineering: electronics, power, and
control.

In fact, back in 1974, Dr. William E. Newell from Westinghouse Research Labora-
tories described power electronics as “a technology which is interstitial to all three
of the major disciplines of electrical engineering: electronics, power, and control”;
see Figure 1 and [New74].
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• deals with the solid-
state devices and circuits for perform-
ing signal processing and control to
meet some specified functional objec-
tives [Ras14, p. 26].

• deals with static and rotating
power equipment for the generation,
transmission, and distribution of elec-
tric energy.

• deals with the design/syn-
thesis of feedback controllers for
achieving desired transient and
steady-state closed-loop character-
istics, the most important of which
being energy-efficiency (i.e., the ratio
of output power to input power, see
[New74], [Ras14, p. 26], [EM20, (1)]).

• Energy-efficiency is of fundamental
importance, because without it, imple-
mentation becomes impractical.
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Power Electronics -merging from Limbo
WILLIAM E. NEWELL, SENIOR MEMBER, IEEE

Abstract-Power electronics is a technology which is interstitial to all
three of the major disciplines of electrical engineering: electronics,
power, and control. Yet its rapidly expanding significance has not been
widely recognized, and the historical parochialism of specialists within
the technology has stifled communication and cooperation in solving
increasingly challenging problems. This paper calls for an end to this
parochialism, leading to the emergence of an important new discipline
and profession.

I. POWER ELECTRONICS IS A TECHNOLOGY WHICH
Now EXISTS IN A FRAGMENTED LIMBO

THE BROAD field of electrical engineering is generally seg-
mented into three major areas: electronics, power, and

control. When someone uses the word electronics, it is quite
likely that what he really means is signal-processing electronics.
Similarly, when electrical power engineering is described, rotat-
ing machines, transformers, and overhead transmission lines
come to mind. Most specialists in electronics or power or con-
trol have seemingly remained indifferent to the needs and
opportunities of power electronics, the interstitial technology
in which significant amounts of electrical power flow through
and are controlled by electronic devices. And even those who
have been most active in power electronics have not yet devel-
oped a cohesive esprit de corps to counteract this indifference.
Historically the power-controlling device was a mercury-arc

device [1], but today the keystone of the same technology is a
solid-state device, the thyristor [2] -[6]. Not only does power
electronics involve a combination of the technologies of elec-
tronics, power, and control, as implied by the chart of Fig. 1,
but it also requires a peculiar fusion of the viewpoints which
characterize these different disciplines. Power electronics re-
quires intense concentration on overall power efficiency, which
is characteristic of power engineers but foreign to most elec-

Manuscript released for publication October 25, 1973. This paper was
presented as the keynote talk at the IEEE Power Electronics Specialists
Conference (PESC), Pasadena, Calif., June 12, 1973. This annual con-
ference was organized by the Power Semiconductor Committee of the
Industry Application Society, the Aerospace Energy Conversion Com-
mittee of the Aerospace and Electronic Systems Society, and the Power
Devices Committee of the Electron Devices Group. In response to -the
plea made for wider cooperation, seven IEEE Societies, including ten
technical committees, are participating in the organization of the 1974
PESC.
The author is with Research Laboratories, Westinghouse Electric Cor-

poration, Pittsburgh, Pa. 15235.

Fig. 1. Power electronics: interstitial to all major disciplines of electrical
engineering.

tronic engineers. Power efflciency dictates that the control de-
vices be used in a repetitive switching model which is familiar
to digital electronics engineers but foreign to most power engi-
neers. However, the "signals" upon which the switches operate
are continuously variable, tending to make the analog electron-
ics engineer feel needed but the digital electronics engineer feel
quite uncomfortable. The speed and severity of the thermal
transients inside a solid-state power device bring a power engi-
neer to the threshold of timidity, but few electronics engineers
understand transient thermal impedance, either. The problems
of stability, and speed and accuracy of response are familiar to
a control engineer, but the problems of modeling the dy-
namic behavior of the power switching circuits frustrate his
analytical techniques.
Compounding the difficulty of bringing together the right

combination of viewpoints and techniques is the typical paro-
chialism of most application-oriented engineers. The engineer
who is under pressure to design, install, and debug a steel mill
drive has little time to recognize what he has in common with
the engineer who is responsible for the dc-to-dc converter in a
satellite, but both are applying the same basic technology. I am
not criticizing these very practical-minded engineers who in fact
have been directly responsible for much of the great progress

tLinear regulators are excluded here. I believe it is more appropriate
to treat this type of circuit as the upper extremity of small-signal elec-
tronics rather than the lower extremity of power electronics.
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Figure 1: Power electronics is interstitial
to three major areas of electrical engi-
neering [New74, Fig. 1].

• Newell’s view is widely shared today [BM11].
• These days, power electronics includes applications of circuit theory, control the-

ory, electronics, electromagnetics, microprocessors (for control), and heat trans-
fer [Har11] — this explains why this course is an Honours-level course.

Coming back to the definition of power electronics in relation to conversion, there
are four types of conversion [Bla18, EM20]:

• conversion refers to the conversion of a DC input
voltage to a DC output voltage having a larger or smaller
magnitude, possibly with opposite polarity, or with isola-
tion of the input and output ground references.
This conversion typically works by “chopping” the input
voltage by switching some semiconductor device periodi-
cally on and off; the switching action will be discussed in
more details in Sec. 2. Hence, a DC-DC converter is also
called a chopper or switching regulator [Ras14, p. 31].

Symbols:
=
=

Detail: Convention and terminology

Sometimes, XC-YC (take X as A or D, Y as A or D) is written as xc-yc (i.e., in
lower case, e.g., in [EM20]), or as XC/YC (e.g., in [LY18]), or as XC-to-YC (e.g.,
[Trz16]).
A direct current is also called a unipolar current.
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Detail: Converter symbols

The converter symbols shown here were generated using CircuiTikZ. This
LATEX package provides a set of macros for typesetting electrical and electronic
networks.
CircuiTikZ was initiated by Massimo Redaelli in 2007 for the Elettrotecnica
courses at Politecnico di Milano, Italy, and is now widely used in research and
academia for drawing professional-looking circuit diagrams.

• conversion, also called rectification, refers to the
conversion of an AC voltage to a stable DC output voltage.
An AC-DC converter is also called a rectifier. A rectifier can
be

uncontrolled, where the transferred power depends only
on source and load parameters; or
controlled, where the transferred power depends not only
on source and load parameters but also switching param-
eters [Har11, Sec. 3.9].

An example of an uncontrolled rectifier is a mercury arc
rectifier, the invention of which at the dawn of the twenti-
eth century gave birth to power electronics [Trz16, p. 2].

(Single-phase AC)

(Three-phase AC)

• conversion, also called inversion, refers to the con-
version of a DC voltage to an AC output voltage of control-
lable magnitude and frequency. A DC-AC converter is also
called an inverter.

(Single-phase AC)

(Three-phase AC)
• conversion refers to the conversion of an AC input

voltage to an AC output voltage of controllable magnitude
and frequency. Three types are discernible:

An AC voltage controller converts the voltage but not the
frequency [Har11, Ch. 5].
A cycloconverter converts both the voltage and fre-
quency [Bos20, p. 155].
A matrix converter is a forced-commutated cyclocon-
verter with inherent four-quadrant operation consisting
of a matrix of bidirectional switches such that there is
a switch for each possible connection between the input
and output lines [Iye19, p. 1].

∼
∼

(Single-phase AC)
∼∼∼∼∼∼
(Three-phase AC)
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