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Chapter 1
INTRODUCTION

Electronics is very popular with the general public as a leisure
activity. Much of the enthusiasm has been generated due to
two reasons. Firstly, improving technology and mass produc-
tion methods have made it possible to offer to the hobbyist a
wide variety of semiconductor and other components at very
competitive prices. Secondly, excellent books and monthly
publications are readily available, and these provide detailed
information concerning projects. These also provide valuable
technical guidance so important to the hobbyist, for the
successful completion of any project.

In any hobby activity a background knowledge of the subject
can increase considerably the employment and satisfaction
one derives from it. This viewpoint applies without any
reservations whatsoever, to electronics. Electronics as a
subject can be treated at many levels. Most of the books
available at the present time treat the subject with an
academic slant, and for use as instruction material by
students preparing for examinations. Treatment at this
level is of limited value to the hobbyist whose primary
interest is to build a given circuit and make it work. It is
in this context that a background knowledge tailored to
meet his specific requirements can come in useful. In this
book the author has brought together the relevant material
and presented it in a readable manner with minimum recourse
to mathematics. A smattering of arithmetic and basic algebra
is all that is needed to follow the subject material.

Electronics is intimately associated with atomic theory. The
operation and behaviour of every electronic component
depends in one way or another on atomic phenomena.
Therefore a feeling for what goes on in the atomic world is

a prerequisite to a better understanding of these components.
The second chapter is devoted to this topic. The reader is
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introduced to atomic structure and this is followed by an
exposition of the electron.

An understanding of electrical conduction in solids is of
significant importance in modern electronics, which is largely
dominated by solid-state devices. The theory relating to this
topic is examined in Chapter 3. We draw heavily on the
material covered in Chapter 2 to describe the conduction
mechanisms in conductors and semiconductors, and to dis-
tinguish between conductors, semiconductors, and insulators.
The current flow in semiconductor devices takes place due to
the presence of two types of charge carriers, namely the
electron and the hole. These concepts are briefly discussed
in view of their relevance to device operation.

In Chapter 4 we undertake a discussion on electrical para-
meters used to describe the behaviour of circuits. The
concepts connected with these parameters are developed
from basic reasoning.

All components used in electronic circuits can be broadly
grouped into linear and non-linear components. In Chapter 5
and Chapter 6 we cover the properties unique to these com-
ponents. The behaviour of dc and ac circuits are investigated
‘in Chapter 7. The section on ac circuits includes a brief
discussion on signal representation. Chapter 8 is devoted to
diode and transistor circuits. Biasing methods are discussed
and attention is drawn to popular circuit applications. In
recent years we have witnessed the elevation of integrated
circuits to a position of great importance. These remarkable
devices are used widely both in the analogue and digital areas.
In Chapter 9 we examine the salient features of these devices
and take a look at some of the popular applications.

A book on essential theory will be incomplete without at
least a passing reference to measurements. The main function
of any electronic measurement is to identify some aspect of
circuit behaviour. For the results to be of any value they need
to be accurate and meaningful. Unless one keeps a cautious
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potential power to either make or mar human destiny. The
concepts that have been developed over the last 100 years or
so to explain and understand atomic phenomena have served
to explain numerous other phenomena which occur at
macroscopic levels. The term macroscopic is used to describe
large things, easily visible to the eye.

Electronics derives its name from one of the constituents of
the atom, namely the electron. It is due to this reason that
any discussion on electronics is incomplete without reference
to the ultra microscopic world of the atom. The basic sub-
stances in our environment are known as elements. All other
substances are made up from combinations of two or more of
these elements. The atom is the smallest particle that can exist
in nature without losing its identity as an element. Elements
are classified according to their atomic structure. Each ele-
ment has a structure which is unique to itself. The atom may
be regarded as the fundamental building brick of nature.

Let us now examine the structure of the atom, more closely.
The particles that constitute the atom are the electron, proton,
and neutron. There are two properties relating to these
particles, of special interest to us. These concern their mass
and electrical charge. Mass refers to the quantity of matter.
The unit of mass in SI (Systeme Internationale) units is the
kilogram. The electron has a mass which is extremely small.
Stretching our imagination to any extent will not help us to
visualize its minuteness. The mass of the proton is about
1840 times that of the electron, and still happens to be
extremely small. The neutron has a mass equal to that of the
proton. The property of charge refers to the quantity of
electricity. The unit of charge is the coulomb. The electron
carries a negative charge while the proton carries a positive
charge of equal value. The neutron on the other hand carries
no charge.

The electrons, protons and neutrons are arranged in a very

interesting way to form the atomic structure. The protons
and neutrons make up what is known as the nucleus. The
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comes helium which has two orbiting electrons. Its atomic
number is therefore 2. As the atomic number increases the
structure becomes very complex.

The planetory model of the atom was first proposed by
Rutherford. It was later perfected by Bohr, making use of
Planck’s quantum theory. In Bohr’s model the electrons
which rotate around the nucleus are permitted to do so only
at given distances from the nucleus. The exact radial positions
depend upon the energy possessed by the electrons. Energy

is defined as the capacity to do work. It is measured in joules.
When dealing with electrons and other charged particles it is
convenient to use another unit. This is the electron-volt. The
electron-volt is related to the joule by a simple relationship
and can be easily converted when necessary. As the number
of electrons surrounding the nucleus increase, they are group-
ed into what are known as shells and sub-shells. The shell
structure is illustrated in Figure 2.2. In this figure only the
shells are shown. The point to note is that the shells in turn
consists of sub-shells. The shells are identified by the capital
letters K, L, M, N, O, P, and Q. The sub-shells are identified
by the simple letters s, p, d, f, and g. The number of electrons
that each shell or sub-shell can accommodate is fixed. In
atoms of certain elements the outer shell is not filled to
capacity. Electrons in an unfilled outer shell are known

as valence electrons. These electrons play an important role
in determining the chemical and electrical properties of a
given material. Elements are grouped according to the number
of valence electrons their atoms contain. Germanium and
silicon, the materials widely used in the manufacture of
semiconductor devices, have four valence electrons and
therefore belong to group 4.

So far we have considered an isolated atom. It is interesting
to examine the state of affairs when the atom is just one of
many millions which participate in building up a sample of
a given element. Naturally there will have to be some force
which act to keep the atoms together. Scientists have identi-
fied three types of bonding mechanisms. These are called
metallic, ionic and covalent bonding. In electronics our main
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mid-way between the two extreme cases of conductors and
insulators. It is well known that the conducting properties
of materials are affected by changes in temperature. Materials
differ from each other in this respect too. What is so elegant
about the atomic theory is the way in which it clearly explains
to us why materials behave the way they do.

Chapter 3
ELECTRICAL CONDUCTION IN SOLIDS

Whenever there is charge movement, we have a situation which
signifies electrical conduction. We have already seen that two
of the atom’s constituents are charged particles. These are
namely the proton and electron. The charge carried by these
particles are equal in value and opposite in sign. The proton
carries a positive charge and the electron carries a negative
charge. When the number of electrons exactly equal the
number of protons the atom is said to be electrically neutral.
If for some reason the atom loses an electron it is called a
positive ion. On the other hand if it gains an electron we
have what is known as a negative ion. Since the atom is no
longer electrically neutral under these conditions it could be
looked upon as a charged particle. Therefore any movement
of ions also amount to electrical conduction. The mass of an
ion is many times that of an electron. Due to this reason it
will be relatively immobile.

A discussion of electrical conduction in solids can be under-
taken by considering independently the conduction mechan-
isms in conductors and semiconductors.

Any material which allows charge movement to take place
without hindrance is known as an electrical conductor.
Copper, iron and aluminium are materials which come under
this category. Atomic theory helps us to understand why
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the other atoms will be held together due to a continual
exchange between atoms of the single electron in the outer N

.shell of each atom. This electron never spends much time with

any particular atom and is always on the move. Binding of
atoms in this manner is known as metallic bonding. It is
important to realize that the copper atom remains electrically
neutral at all times. Although the outer electron keeps chang-
ing places all the time, at no time is any given atom allowed
to be without the full complement of 29 electrons required

to compensate the positive charge associated with the nucleus.
It will be remembered that this positive charge is due to the
protons which reside in the nucleus.

What makes a material a good conductor is the presence of the
wandering electrons referred to above. An application of a
directed electric force immediately causes these electrons to
move in a preferred direction.

Let us now examine how electrical conduction takes place in
semiconductor materials. The most important semiconductor
materials are germanium and silicon. These materials are
elements and belong to group 4. We have already seen that

it is possible to classify elements according to the number
of valence electrons, into groups. When we say that
germanium and silicon belong to group 4, we simply mean
that the respective atoms of these elements have four
valence electrons.

Only one type of charge carrier, namely the electron is
responsible for electrical conduction in conductor materials.
With semiconductor materials, the conduction processes
involve two types of charge carrier, namely the electron
and hole. The hole is the name given to the vacancy created
by an electron breaking away from the parent atom. In a
way the hole may be looked upon as a ficticious entity,
whose presence is necessary to explain the conduction
processes associated with semiconductor materials.

Before considering the conduction processes, it is instructive
to examine how the atoms are held together in germanium
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In pure or intrinsic silicon, the regular geometrical array
characteristic to a crystalline substance is perfect only at zero
degrees kelvin. This is a temperature reference famn!lar to the
physicist. In degrees centigrade zero degrees kelvin is equal to
—273. Absolute zero is often uscd in place of zero degrees
kelvin and carries the same meaning. At absolute zero temper-
ature, the atoms of the crystal lattice is stationary. At
temperatures above absolute zero, the thermal energy of the
environment ‘causes the atoms to vibrate about their mean
positions. This in turn causes a disruption in the covalent
bonding which serves to hold the atoms together. The rupture
of covalent bonds in this manner produces electrons and holes
in equal number. These have to be equal since by definition

a hole is a vacancy in the crystal lattice caused by an clectron
leaving a parent atom. The electron-hole pairs behave as
charge carriers and bestow upon the material, semiconducting
properties. The production of electron-hole pairs increases
with temperature and this explains why semiconductor devices
.are temperature sensitive.

Silicon in its pure form with an equal number of electrons
and holes is not useful in the manufacture of semiconductor
devices. It is necessary somehow to get the material into a
state where one type of charge carrier, that is the electron or
hole predominate. This is exactly what happens when
extremely small quantities of group 3 or group 5 materials
are added to pure silicon under carefully controlled condi-
tions. The materials added, are called impurities, and the
process is known as doping. Adding of group 3 materials
produces what is known as p-type silicon, while adding of
group 5 materials produce what is known as n-type silicon.
In p-type silicon the predominant carrier is the hole, whereas

‘in n-type silicon it is the electron. The presence of these

charge carriers allow electrical conduction to take place in
these materials. Depending upon the type of material,
conduction within it will be due either to the electron or
hole.

We have seen that electrical conduction in solids is made
possible by the presence of charge carriers. By the same
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carriers when they endeavour to move within the material.
They are unable to move very far before colliding with an
atom. This gives rise to a loss of energy which manifests itself
as heat in the material. For a given charge movement the
number of collisions increases with resistance. Therefore the
heat lost in the material would also increase. Resistance to
movement of charge is a fundamental physical property of all
materials and is a constant under given environmental condi-
tions. In attempting to quantify any quantity we require units
of measurement. The unit of measurement of resistance is the
ohm.

Inductance

Wherever there is charge movement there is also an associated
magnetic field. So far as the rate of charge movement remains
constant the strength of the magnetic field too remains con-
stant. However the moment a change in the rate of charge
movement occurs, the magnetic field has to immediately
readjust itself to meet the new situation. This readjustment
functions to oppose the change in the rate of charge move-
ment. This opposition to the rate of charge movement has to
be accounted for in some way, and the inductance parameter
does just that. The unit of inductance is the henry (H). The
henry is a very large unit and in practice we often prefer to
work in terms of millihenrys (mH) or microhenrys (uH). A
millihenry is 1 thousandth part of a henry. A microhenry is

1 millionth part of a henry.

Capacitance

Wherever there is charge present there is an associated eléctric
field. Any other charge placed in this clectric field experi-
ences a force. This phenomenon has to be accounted for
when characterizing a circuit. The capacitance parameter does
exactly this. The unit of capacitance is the farad (F). The
farad like the henry is a very large unit. In practice we often
use smaller units, namely the microfarad (uF), picofarad (pF),
and nanofarad (nF). The microfarad is 1 millionth part of a
farad. The picofarad is 1 millionth part of a microfarad, or

1 millionth, millionth part of a farad. The nanofarad is

1 thousandth part of a microfarad, or 1 millionth, thousardth
part of a farad.
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The step function, ramp, exponential, and sinusoid are wave-
forms frequently encountered when investigating electronic
circuits, and are associated with the variable parameters which
describe the circuit behaviour. These waveforms are shown in
Figure 4.1. In diagrams of this type showing the relationship
between an independent and dependent variable it is usual to
show the independent variable along the horizontal axis and
the dependent variable along the vertical axis. In all four
diagrams the independent variable is shown to be time as is
often the case in practical situations. A step function is one
which changes from zero to a given value in zero time. We
have a practical example of a step function type of excitation
whenever we close a switch to connect a battery to a circuit.
A ramp function is one which varies linearly with time. The
exponential function is based on the mathematical constant e.
e has a value 2.718 and is the base of natural logarithms. The
sinusoid is a function which varies in a manner whereby the
dependent variable bears a trigonometric relationship to the
independent variable. The importance of this waveform in its
role as a variable function cannot be over-emphasized. Certain
properties of the sinusoid need mentioning while we are on
this subject. These are highlighted in Figure 4.2. The dis-
placement along the vertical axis, is called the amplitude.
Note that the amplitude changes are cyclic. Starting from
zero it reaches a maximum positive value, and then continues
to change with a change in slope and reaches zero again after
a time T. The time T is called the period of the sinusoid. The
frequency f is given by the reciprocal of the period. In refer-
ring to amplitude, we may use terms such as maximum
amplitude and instantaneous amplitude. If we were to plot
the slope of the waveform shown in Figure 4.2a we obtain
the waveform shown in Figure 4.2b. A shift in the entire
waveform along the horizontal axis is the only change
obsefved. From a mathematical viewpoint the waveform on
top is a sine function, while the one at the bottom is a cosine
function. Since the waveshapes are identical they are both
grouped under the one name of sinusoid. Taking the slope of
any waveform yields its differential. We say that the function
has been differentiated. It will thus be seen that the derivative
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Current

Movement of charge in a directed fashion constitute a current.
In an electrically conducting material the predominant charge
carrier is the electron, and the presence of an electrical current
wthin the material necessarily involves a motion of electrons in
a preferred direction. For directed motion an electromotive
force is required. In taking a length of wire made from a con-
ducting material and connecting it across the terminals of a
battery, we are in effect satisfying this requirement. Since
the current flowing in the external circuit serves no useful
purpose and is limited only by the internal resistance of the
battery, this example is of value only in a theoretical sense.

It demonstrates the need for an electromotive force to estab-
lish a directed movement of charge. The unit of current is the
ampere (A). This being a fairly large unit we often use
smaller units derived from it. These are the milliampere (mA),
the microampere (uA), and the nanoampere (nA). These units
are derived by dividing an ampere by 10?, 10°, and 10?,
respectively. For the benefit of those readers not familiar with
this form of number representation 10* simply means a
thousand, 10%, a million, and 10%, a thousand million. The
numeric on the top left of 10 is known as the exponent and
indicates how many times 10 has to be taken as a factor to
give the final number. The basic unit of charge is the charge
on an electron. Since a current is in effect a directed move-
ment of charge, the ampere as an unit has to be based on it.
From this reasoning a current can be defined as the rate of
change of charge. The greater the rate, the greater also is the
current. The unit of charge is the coulomb. The charge on an
electron is 1.602 x 107 coulombs. In terms of charge, an
ampere of current is defined as one coulomb per second. Thus
if 0.5C passes a given point in one second we have a current of
0.5A. Likewise if 2C passes a given point in one second we
have a current of 2A. Knowing that a current is simply a .
directed movement of electrons we can now express an ampere
in terms of the number of electrons passing a given point.
Since the charge on an electron is 1.602 x 10™*° C and an
ampere by definition is one coulomb per second, the number
of electrons are found by taking the reciprocal of the charge
on an electron. On calculation the answer is 6.25 x 10
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