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Energy

In a crystal, electrons in the same orbit do not have the
same energy and thus form energy bands
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Separation of atoms
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Energy gap
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Separation of atoms
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= Metal

Band gap &zl & g

- neglgible band gap or overlap

Conduction: Band

Valence Band

= |nsulator

— large band gap, ~ 8 eV

Conduction: Band

band gap

Valence Band

= Semiconductor

- medium sized gap, ~ 1 eV
Electrons can gain energy from lattice __
(phonon) or photon to become “free”
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Conductors have loosely bound electrons 1n their outer shell

These electrons require a small amount of energy to free them
for conduction

Let’s apply a potential difference across the conductor above...

The force on each electron is enough to free it from its orbit and
it can jump from atom to atom — the conductor conducts

Conductors are said to have a low resistivity / resistance
Slide 10
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Insulators
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Insulators have tightly bound electrons 1n their outer shell

These electrons require a very large amount of energy to free
them for conduction

Let’s apply a potential difference across the insulator above...

The force on each electron 1s not enough to free i1t from 1ts orbit
and the insulator does not conduct

Insulators are said to have a high resistivity / resistance
Slide 12
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The Silicon, S1, Atom

.1 . .
Silicon has a valency of 4 1.e.
4 electrons in its outer shell / \

t @

N wa o
Each silicon atom shares 1its 4~ NS M\ N
outer electrons with 4 /
neighbouring atoms ? @ *:* @ ﬁ @ +

These shared electrons —
bonds — are shown as
horizontal and vertical lines
between the atoms s

-
- _'_,_..-
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Silicon — the crystal lattice

If we extend this
arrangement
throughout a piece of
silicon...

We have the crystal
lattice of silicon

This 1s how silicon
looks when it is cold

It has no free electrons — it cannot conduct electricity — therefore it

behaves like an insulator
Slide 19
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Heating Silicon

We have seen that,
in silicon, heat
releases electrons
from their bonds...

This creates
electron-hole pairs
which are then
available for
conduction

Slide 21
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Intrinsic Conduction

If more heat 1s I ]
applies the process
continues...

More heat...

More current...

[ ess resistance...

The silicon 1s acting
as a thermistor

S B B B B B L AL K K B

Its resistance decreases
with temperature

Slide 24



The Thermistor

® The thermistor 1s a heat sensitive resistor

® When cold 1t behaves as an insulator 1.e. it has a
very high resistance

® When heated, electron hole pairs are released and
are then available for conduction as has been
described — thus its resistance 1s reduced



The Light Dependent Resistor (LDR)

® The LDR 1s very similar to the thermistor —
but uses light energy instead of heat energy

®m When dark 1ts resistance 1s high

m As light falls on 1t, the energy releases
electron-hole pairs

m T

ey are then free for conduction

mT

1us, 1ts resistance 1s reduced
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