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The goal of electronic materials is to generate and control the flow of an electrical current.
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Atomic Theory ay y | Z\.g/.)a_d\

Valence shell Shell K (2electrons)  Valence 4 “y m o)
(1 electron) . —electron Jslase °)“U‘

Nucleus
ol 53&:5\ U g j:.Q\ Al
Shell L (8 electrons) Shell M (18 electrons)

FIGURE 24 Copper atom. The valence electron is loosely bound.

Shell K L I N
Sub-shell/state] 1s | 25 | 2p 3s | 3p | 3d | 4s | 4p | 4d | 4f
Numbers of electrons] 2 2| 6 2 B 10 2 = 0] 14

Symbol 122| 252 | 297 | 3s%| 3p° | 3d'7| 45| 4p| 4d'7| 4f¢
daecroananal] 2 [ 8 : 32

No element can have more than eight valence electrons; when a valence shell

has eight electrons, it is filled.
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FIGURE 2-6 Random motion of free
electrons in a conductor.
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In a crystal, electrons in the same orbit do not have the
same energy and thus form energy bands
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Band gap &Uedl 5 g

= Metal

Conduction: Band

- neglgible band gap or overlap

Valence Band

Conduction: Band

= |nsulator
- large band gap, ~ 8 eV !

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 14
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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 16

+++++++++



Semiconductors <o gl ol

14, 1]
‘ Periodic Tabl 2
PR Cri1odic d C M 1. . A via vis | HE
3 q 5 3 T 5 g 10
:fulse| Of the Elements [ ['c s [o [F [Ne
11 12 K 14 05 16 17 e
PiINa IMAlue wE wEB WE VIE Vil e s |AL 31| P |5 |CI|Ar
19 20 [21 2z 22 [lz2d4 (|25 [zt [zr [lz= [z =0 [=1 32 33 =24 |35 26
4 K Calsc| Ti Y |[Cr |{MnjFe |[Co|HI | Culfn |Ga Ge | As | 5e | Br | Kr
= ECE ECE I EE a4z |43  [44 |45 [a6 |47 [a8  [49 Js50 |51 52 o2 |54
SR |Sr ] Y | Zr |Hb|Mo|Tc |Ru|Rh |Pd|AgQ|CAd | In |Sn|Sb|Te | I e
B T TZ 73 [rd |75 76 7r  [r& |79 =y &1 gz &z  |&d &5 T
E|Cs |Ba|*La|HF |Ta | W |RBe |Os|Ir | Pt JAu| Hg| Tl | Pb| Bi | Po| AL | Bn
Er EEE 04 [105 [106  |i0F  [io2 [i09 (110 (111 i1z iz
"1 Fr |Ra |+Ac| BF |Ha | Sg | Ns |Hs | Mt J110 111|112 [113
* Lanthanide]s8  [52  [60 &1 B2 |63 T G A G O CE G 71
T eljes CelPr|Hd|Pm|Ssm|Eu|Gd]| T | Dy | Ho| Er |[Tm | Yb | Lu
+ Actinicle ap  Jad gz Jaz  [ad Jos  Jos a7 foz  [ea  foo [io1 Jio2 oz
S aries Th|Pa|U |Np|Pu]lAm|Cm|Bk | CF| Es |Fm |Md | No| Lr




18

Semiconductors <o & ]

14
g Q}M%\ouivﬁiwdm\jfﬁb}‘

459 2SIV jolall mnad (3 dedsizd

Y Ll 3 0, OF WY aeY) ) e S



b A5 O Sendd (3 SV 5 53 5

Shell K L M M
Sub-shell/state| 15 | 22 | 2p 3z | 3p | 3d ds | 4p | 4d | 4f
Humbers of electrons] 2 2 2] 2 2] 0 2 2] 10 14

Symicl s?| 252 | 2pF | 32| 3p® | 3d'°| 4s?| 4p| 4d'7] 4f°
Total numbsars s
of elactrons in she Z : 8 32
For certain shell, thare are sub-shells named as s p, dand f.
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K 18 2
2 L A 8
3 M . | 18
4 ! - 32
5 0 af’,&f/fsﬁ’f - 32
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Intrinsic semiconductors &) Do j.\\ oLl

The Silicon, S1, Atom

Silicon has a valency of 4 1.e.
4 electrons 1n its outer shell

o1 : O \‘“;ra:“-:mj'::«:’/ P
Each silicon atom shares its 4 - N TN\ o

outer electrons with 4 f

neighbouring atoms f ® ﬁ ® # ® f
e f‘(:;:v-.:::‘;ﬁj::::::«:;j;\ S

These shared electrons — \

bonds — are shown as ‘r{, ® “

horizontal and vertical lines "‘“'-«.\,_\

between the atoms ——
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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 1s cold

It has no free electrons — 1t cannot conduct electricity — therefore 1t

behaves like an insulator
Slide 23
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Intrinsic semiconductors &) <o oLl oL

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 25
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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 28



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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Negative semiconductor n-type Z\JLM.S\ C)W}U o)

*Let’s remove another
silicon atom...

*and replace it with a
phosphorus atom
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& el S )
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Aol ddee o
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Positive semiconductor p-type 2\.&)1\ Qﬁhajl\ ol

As before, we
remove a silicon
atom from the
crystal lattice...

This time we replace
it with a boron atom

Notice we have a
hole in a bond — this
hole is thus free for

conduction JM";-J‘ 3 A as 0 u_i: 5 gored Aot
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Positive semiconductor p-type 2\.&)1\ CJM«QJM oL

*Let’s remove another
silicon atom...

*and replace it with
another boron atom
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