ATOMS AND THEIR STRUCTURE
A basic understanding of the fundamental concepts of current and

voltage requires a degree of familiéu'ity with the atom and its structure.
The simplest of all atoms is the hydrogen atom, made up of two basic
particles, the proton and the electron, in the relative positions shown in
Fig. 1(a). The nucleus of the hydrogen atom is the proton, a positively
charged particle. The orbiting electron carries a negative charge that is

equdl in magnitude to the positive charge of the proton. In all other
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 elements, the nucleus also contains neutrons, which are slightly heavier Q
than protons and have no electrical charge. The helium atom, for
example, has two neutrons in addition to two electrons and two protons,
as shown in Fig. 1(b). In all neutral atoms the number of electrons is
equal to the number ofprotons. The mass of the ¢lectron is 9.11 * 107 g,
and that of the proton and neutron is 1.672 * 10%* g. The ﬁass of the
proton 4(0r neutron) is therefore approximately 1836 times that of the
electron. The radii of the proton, neutron, and electron are all of the order
of magnitude of 2 * 10"° m. -

’




For the hydrogen atom, the radius of the smallest orbit followed by
the electron is about 5 *10™"" m. The radius of this orbit is approximately
25,000 times that of the radius of the electron, proton, or neutron. This is
approximately equivalent to a sphere the size of a dime revolving about
another sphere of the same size more than a quarter of a mile away.
Different atoms will have various numbers of electrons in the concentric
shells about the nucleus. The first shell, which is closest to the nucleus,
can contain only two electrons. If an atom should have three electrons,
the third must go to the next shell. The second shell can contain a
maximum of eight electrons; the third, 16; and the fourth, 32; as
determined by the equation 2x*, where # is the shell number. These shells
are usually denoted by a number (n=1,2,3,.. )orletter(n_k I m, ..
.). Each shell is then broken down into subshells, where the first subshell
can contain a maximum of two electrons; the second subshell, six
electrons; the third, 10 electrons; and the fourth, 14; as shown in Fig. 2.
The subshells are usually denoted by the letters s, p, d, and £, in that order,

outward from the nucleus.
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It has been determined by experimentation that unlike charges attract,
and like charges repel. The force of attraction or repulsion between two

charged bodies Q1 and Q2 can be determined by Coulomb’s law:

& . . &g,
F {attraction or repulsion) = —gi& {mewtons, N}
-

*




Where F is in newton, k = a constant = 9.0 * 10’ N-mz/Cz, 01 and 02
are the charges in coulombs , and r is the distance in meters between the
two charges. In particular, note the squared » term in the denominator,

resulting in rapidly decreasing levels of F for increasing values of r.

In the atom, therefore, electrons will repel each other, and protons
and electrons will attract each other. Since the nucleus consists of many
positive charges (protons), a strong attractive force exists for the electrons
in orbits close to the nucleus [note the effects of a large charge Q and a
small distance » in above Eq.] . As the distance between the nucleus and
the orbital electrons increases, the binding force diminishes until it
reaches its lowest level at the outermost subshell (largest 7). Due to the
weaker binding forces, less energy must be expended to remove an
electron from an outer subshell than from an inner subshell. Also, it is
generally true that electrons are more readily removed from atoms having
outer subshells that are incomplete and, in addition, possess few
electrons. These properties of the atom that permit the removal of
electrons under certain conditions are essential if motion of charge is to
be created. Without this motion, this text could venture no further—our

basic quantities rely on it.

CONDUCTORS, INSULATORS and SAEMICONDUCTORS

Different wires placed across the same two battery terminals will
allow different amounts of charge to flow between the terminals. Many
factors, such as the density, mobility, and stability characteristics of a
material, account for these variations in charge flow. In general, however,
conductors are those materials that permit a generous flow of electrons

with very little external force (voltage) applied.

In addition,




good conductors typically have only one electron in the valence (most
distant from the nucleus) ring.

Since copper is used most frequently, it serves as the standard of
comparison for the relative conductivity in Table 1. Note that aluminum,
which has seen some commercial use, has only 61% of the conductivity
level of copper, but keep in mind that this must be weighed against the
cost and weight factors.

Insulators are those materials that have very few free electrons and
require a large applied potential (voltage) to establish a measurable

current level.

Table 1

Relative conductivity of various materials.

Metal Relative Conductivity (%

It must be pointed out, however, that even the best insulator will break
down (permit charge to flow through it) if a sufficiently large potential is
applied across it. The breakdown strengths of some common insulators
are listed in Table 2. According to this table, for insulators with the same
geometric shape, it would require 270/30 = 9 times as much potential to
pass current through rubber compared to air and approximately 67 times

as much voltage to pass current through mica as through air.
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Table 2

Breakdown strength of some common insulators.
T
Average
Breakdown
Material Strength (kV/cm)

Semiconductors are a specific group of elements that exhibit
characteristics between those of insulators and conductors.

The prefix semi, included in the terminology, has the dictionary definition
of half, partial, or between, as defined by its use. The entire electronics
industry is dependent on this class of materials since electronic devices
and integrated circuits (ICs) are constructed of semiconductor materials.
Although silicon (Si) is the most extensively employed material,
germanium (Ge) and gallium arsenide (GaAs) are also used in many
important devices.

Semiconductor materials typically have four electrons in the outermost
valence ring.

Semiconductors are further characterized as being photoconductive and
having a negative temperature coefficient. Photoconductivity is a
phenomenon where the photons (small packages of energy) from incident
light can increase the carrier density in the material and thereby the

charge flow level. A negative temperature coefficient reveals that the




resistance will decrease with an increase in temperature (opposite to that
of most conductors).

In the isolated atomic structure there are discrete (individual)
energy levels associated with each orbiting electron, as shown in Fig. 3a.
Each material will, in fact, have its own set of permissible energy levels
for the electrons in its atomic structure.

The more distant the electron from the nucleus, the higher the energy
state, and any electron that has left its parent atom has a higher energy
state than any electron in the atomic structure.
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Figure 3 Energy levels: (a) discrete levels in isolated atomic structures;
(b) conduction and valence bands of an insulator, semiconductor, and
conductor.
Between the discrete energy levels are gaps in which no electrons

in the isolated atomic structure can appear. As the atoms of a material are

-




brought closer together to form the crystal lattice structure, there is an
interaction between atoms that will result in the electrons in a particular
orbit of one atom having slightly different energy levels from electrons in
the same orbit of an adjoining atom. The net result is an expansion of the
discrete levels of possible energy states for the valence electrons to that of
bands as shown in Fig. 3b. Note that there are boundary levels and
maximum energy states in which any electron in the atomic lattice can
find itself, and there remains a forbidden region between the valence
band and the ionization level. Recall that ionization is the mechanism
whereby an electron can absorb sufficient energy to break away from the

atomic structure and enter the conduction band.
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