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P R E F A#TE

The Electronic System eBook was
produced to give students an |
understanding of the basic concepts /
related to the electronic system
focus on Semiconductor topic. It is

. produced digitally to make it easier
SRS £or students to access and to reduce
the use of paper for printing. In this

 topic, there had been explain about

the Conductor, Insulator,
~ Sewmiconductor and also type of
Semiconductor




ACKNOWLEDGEMENT

THANKS ALLAH SW.T FOR HIS GUIDANCE AND
MERCY. THE COMPLETION OF THIS EBOOK
COULD NOT HAVE POSSIBLE WITHOUT THE

PARTICIPATION TEAM MEMBERS AND SUPPORT

FROM OUR MANAGEMENT OF THE POLYTECHNIC
AND THE ACADEMIC DEPARTMENT, ESPECIALLY
THE MECHANICAL ENGINEERING DEPARTMENT.
THEIR CONTRIBUTION ARE SINCERELY
APPRECIATED AND GRATEFULLY
ACKNOWLEDGED. TO OUR PRARENTS, RELATIVE,
FRIENDS, STUDENTS AND OTHERS WHO SHARED
THEIR SUPPORT, EITHER MORALLY OR
PHYSICALLY, THANK YOU VERY MUCH.




MEET THE TEAM!I

Course coordinator for subject
Mechatronic Workshop Practice 1
(DJM10012) in Mechanical
Engineering Department, Nilai
Polytechnic. Had been teaching in
Mechanical Department for 19
years.

ROSLIZA BINTI HASAN

PENSYARAH KANAN, JABATAN
KEJURUTERAAN MEKANIKAL

.~ Course coordinator for subject
.\ Electrical Technology (DJJ20053)
| in Mechanical Engineering
Department, Nilai Polytechnic. Had
been teaching in Mechanical
Department for 6 years.

NUR FARAHDIBA BINTI ZULKEFLE

PENSYARAH KANAN, JABATAN
KEJURUTERAAN MEKANIKAL



/’ (] CONDUCTOR
02 INSULATOR
03 SEMOCONDUCTOR
w 04 INTRINSIC SEMICONDUCTOR
h 05 EXTRINSIC SEMICONDUCTOR
z 06 DOPING PROSES
L 07 P-TYPE SEMICONDUCTOR
h 08 N-TYPE SEMICONDUCTOR

O O O
O O

O O O
O O

TABLE OF



—
()9 INTRODUCTION TO P-N JUNCTION

] HOW DIFFUSION OCCUR

77 DEPLETION REGION

72 FORWARD BIAS
D 7.3 EFFECT ON DEPLETION REGION
=,y 10 FORWARD BIAS

z 14 REVERSE BIAS

Ralld 75 EFFECT OF REVERSE BIAS ON THE
Jmmmm  WIDTH OF DEPLETION REGION
2, .06 DIODE CHARACTERISTIC CURVE

Electric Potential







A CONDUCTOR, INSULATOR & SEMICONDUCTOR

7 The ability of a material to conduct current is
based on its atomic structure.

/ The orbit paths of the electrons sfjrrounding
O the nucleus are called shells '

@ Each shell has a defined number of electrons
it will hold. Ex: Copper:2.8.18.1
(1 electron valence)

Nucleus

1st shell = 2 electrons

2nd shell = 8 electron

\Srd shell = 18 electrons
@ The outer shell is called the valence shell

@ The less_éomplete a shell is filled to capacity the more
conductive the material is

INSULATOR

SEMICONDUCTOR
ELECTRONIC SYSTEM‘
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Material that (V/

. Electrical insulator

Water : Ol

Electric current
does not flow
freely

allows the flow of

electrical current d

re . Gol
= i G‘O{G

L

Steel Copper Rubber Glass

The material that contain electrical charges
move when an electric potential difference
in volts) is applied across separate point.
The atom tends to release its el
become free electrons which will
toanother atom

Contains 1-3 electron valen
conductivity.

Examples : silver, gol
steel, iron, mercury et

SEMICONDUCTOR
ELECTRONIC SYSTEM.



Example: A copper atom has only 1 electron

in its valence ring. This makes it a good
conductor

Copper: 29

2,3,13@ “

Electron valence

SEMICONDUCTOR
ELECTRONIC svsrm‘



" INSULATOR

'The material has a high potential differencgm

cannot conduct electricity

The atoms tend to gain electron valence from
another atom to fulfill their outer valence to become
stable and avoid any electrical or chemical activities

Full valence shell, examples: rubber, glass, oil, air,
diamond, dry wood, plastic, porcelain, ceramic,
quartz, etc »

Example: A sulfur atom is 16. It has 6 electrons in its
valence ring. This make

Sulfur :



- SEMICONDUCTO

'_‘_'_‘r_:‘"___._-ﬁ‘ Transistors Diodes

ﬂalr

q The material that between conductors and
M insulators in its ability to conduct electrical current.

iy . . ’

jﬂl — It not easily release electrons like conductor or gain
J

2 type of semiconductor
e |ntrinsic semiconductor
e Extrinsic semiconductor

SEMICONDUCTOR
ELECTRONIC svsrsm.

"~ electron like an insulator.
I
CHJLD Contain 4 electron valence.
ﬂalr

IS

o



g Example: A silicon atom has 4 electrons in its

valence ring. This makes it a semiconductor.

Silicon : 14

2,~

Electron valence

SEMICONDUCTOR
ELECTRONIC svsrm‘



AS AN/
EONCLUSION.....

VALENCE
eLectrons || CHARACTERISTIC NOTE

Acts as the current carrierlt has very low resistance.T

1-3 Conductor hese electrons are only weakly attracted to the nucle
us of the atoms. They are very easy to move.

No current flows.It has very high resistance. The vale

nce electrons are tightly bound to their parent atoms.

5-8 Insulator They are not free to move but convenience to accept

electrons from others atom to fulfill the valence orbit
to make it stable.

‘ Can conduct so poorly that they behave as insulators

4 Semiconductor | .Difficult to accept/throe away valence electrons fro
m another atom.

‘g * W

semiconductors Conductors Insulators

SEMICONDUCTOR®M s
ELECTRONIC SYSTEM /8




- “INTRINSIC SEMICONDLUCTOR

These are pure SemicondUCtor
semiconducting —

materials and Intrinsic Extrinsic

no impurity ' '

type _btype

atoms are
added to them. &

For example, crystals of pure elements like germanium
and silicon are considered Intrinsic Semiconductors.

Properties: M

¢ In an intrinsic semiconductor, the number density o.
electrons is equal to the number density of holes.

e The electrical conductivity is low

e The electrical conductivity of intrinsic semiconductors
depends on their temperatures

W\

SEMICONDUCTOR
ELECTRONIC SYSTEM [ 19



- “EXTRINSIC SEMICONDLICTOR

EXTRINSIC SEMICONDUCTORS

When some
Aocepior impuanity : : .
credabes 4 hole Impu rlty IS
oW @ Donoe impurity added to an
: Comrbyres fraa 1 : .
- @ i} electrans .' a INntrinsic
- R e ‘
% - semiconductor,
o B O ®@. - B -_. _-_..9 . L ic
> 9 -I_.-r e @' ;" semiconductors
@ y “ : can be
- o ~type produced.

& There are 2 types of extrinsic semiconductors: P-
type semiconductors and N-type

semiconductors M
& Properties:

e |In an extrinsic semiconductor, the number of
electrons is not equal to the number density of
holes

e The electrical conductivity is high

e The electrical conductivity depends on the

m\ temperature and the amount of an impurity

ded to them.

SEMICONDUCTOR
ELECTRONIC SYSTEM ‘



' ’POPING ' PROCESS

ﬁ Doping is the process of adding impurities to
intrinsic semiconductor (Silicon or germanium) to

change their properties.

ﬁ Mostly Trivalent and Pentavalent elements are
used to dope these elements

Dopant

e
-~
=20

Host material

TE performance
= Carrior donsity—
* - . siadit H'mﬁz‘ ‘g ZT or PF
&y . o
A -:":-I ) | - a2 K
. HCIMO-{;;::‘%
HOMO ®) LUMO :
Doping level —

SEMICONDUCTOR
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Semiconductors

P-Type N-Type
Semiconductor Semiconductor

P-TYPE N-TYPE /\/N

When intrinsic When intrinsic materials
semiconductor is doped are doped with .
with Trivalent impurity, it . . . pentavalent meurities, it

becomes a P-
semicond

comes a N-type
iconductors, where N
r negative.

nductors
ly charged
r words they

electrons

SEMICONDUCTOR
ELECTRONIC SYSTEM ‘



000000

0000000

000000

000000

~ PN ~ a~ -~ ~ a

Anode

Metal contact

p-type material

Cathode

When P-type and N-type materials are
placed in contact with each other
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@ In an N-type semiconductor, the majority carriers
are negative charge carriers or electrons.

@ In an P-type semiconductor, the majority carriers
are holes or positive charges

Electron

SEMICONDUCTOR
ELECTRONIC SYSTEM ‘



.- HOW DIFFUSION OCCUR
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o, o - s Electron
M - oy

When a junction is formed, this results in electrons
moving from n-side to p-side and holes moving
from p-side to n-side through the junction.

This is call as ‘initial movement'.

When an electron leaves n-side region,”it leaves
behind a positive charge at the n-side.

Similarly, when a hole is diffused to n-side, it leaves
behind a negative charge at the p-side.

This movement of electrons from n-side to p-
side and the movement of holes from p-side to
n-side is called diffusion and it results in a
current named diffusion current

SEMICONDUCTOR
ELECTRONIC SYSTEM (115
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When more and more electron leaves the n-region
and more and more holes leave the p-region, a
region of positive and negative charges is formed

at the junction.

i _‘k‘_ NS _‘L I
e o o i 5
O e B =
Hole — ) O 4 o - -\
() ® () — = Electron
O [ =
- O () - - O_ =

Depletion region

Positive charges get accumulated near the n-side
junction and negative charges get accumulated near the

p-side junction.

’ This region is known as depletion region.

SEMICONDUCTOR
ELECTRONIC SYSTEM ‘
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What is the minority and majority current carrier

for P-type material and N-type material?

SEMICONDUCTOR .

ELECTRONIC SYSTEM .
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External electric field

».

<« Electric field of depletion region
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Depletion region
l Io Vo o '
i || L
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1
Forward biased p-n junction

@ The p region is connected to positive terminal and n
region is connected to the negative terminal of the
DC voltage source.

the value
potential
current will

AAAA

SEMICONDUCTOR
ELECTRONIC SYSTEM .
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@ This is because the negative voltage pushes or
repels electrons towards the junction giving them
the energy to cross over and combine with the holes
being pushed in the opposite direction towards the
junction by the positive voltage.

External electric field
<lwem Electric field of depletion region

-+

—
=
—
S
=
=
—
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H

Depletion region

G e J

Forward biased

Education Ebook /20
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tage, vF"u’D“E]

0f zero current flowing
nee” on the static curves
the diode with little
n below.

SEMICONDUCTOR
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EFFECT ON DEPLETION REGION

. -DUE TO FORWARD BIAS /w
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Depletion region during zero bias condition

Depletion region during forward bias.
letion region narrows during forward bias.




@ A positive voltage is applied to the N-type material

and a negative voltage is applied to the P-type
material.

@ The positive voltage applied to the N-type material

attracts electrons towards the positive electrode

and away from the junction, while the holes in the

are also attracted away from the
' ctrode.,

s Minority carrier flow (Is)

Depletion region

|I= Vo 15'
- +
(1

Reverse biased




- EFFEET OF REVERSE BIAS ON THE
' WIDTH -OF DEPLETION REGION

00000000
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-
Depletion region during reverse bias.
The width of depletion region increases when
reverse bias is applied.

SEMICONDUCTOR
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'-°E|'=1EE°|:°1" ‘OF REVERSE BIRS ON THE
WIDTH OF DEPLETION REGION
" (Cont..)

The result is that the depletion layer grows wider
due to a lack of electrons and holes and presents a
high impedance path, almost an insulator.

j The result is that a high potential barrier is
created thus preventing:current from flowing
through the semiconductor'rnaterial.

/W However, a very small leakage current does flow
through the junction which can be measured in
micro-ampere

reverse bias voltage Vr
creased to a sufficiently
use the PN junction to
y cause the diode to
sult in the flow of

SEMICONDUCTOR

NIC SYSTEM ‘
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A diode conducts whenuit is forward-biased, and

the anode is connecte
limiting resistor.

| | A- positive sup

negative ¢
cathod

anocC

e

through a
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CLURVE FOR H JULCTION DIODE

VAVAA

Vz Reverse Voltage. ( VR )
100 ' 80 60 40 20 0
I
I
] 10nA
I
: - 100nA
Reverse |
Breakdown } 1uA
Region :
} 10uA
I
I
l : 100uA
I
l 1mA

Reverse Current, (-Ir)

SEMICONDUCTOR
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Cathode (K) Anode (A)

+I (mA) , Forward
+ Current

-

. Forward
Conventional Current Flow

Bias
Reverse *nes
Breakdown
Voltage
Y, RY
-t | >
Reverse Voltage T Forward Voltage
|
-50mA | _
Germanium 0.3v G_EtmenIle
-20mA Silicon | 0. /v Silicon

Reverse
Bias
Reverse

1 (wA Y Current
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" REVISION.......

01.
The most commonly used semiconductor is ........... w
A- Germanium TR g
B- Silicon ¢
C- Carbon
D- Sulphur
02.

A semiconductor has generally ......... lence electrons
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The strength of a semiconductor crystal comes from ........
* .

A- Forces between nuclei

B- Forces between protons

C- Electron-pair bonds




“REVISION (CONT)..

05.

Addition of pentavalent impurity to a se
creates many ........

A- Free electrons

B- Holes

C- Valence electron

D- Bound electro

06.

A pentavalent imp

A-3

B- 5

C- 4

r FD-6
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