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INTRODUCTION
10
-: SEMICONDUCTORS

L ENG~— LEARNING OUTCOMES

At the end of this chapter, you shouldbe able to:

Describe semiconductor of siicon and germanium

* Describe the characteristics of n-type andp-

type semiconductors

+ Explain the formation of p-n junction

* Explain meaning of forwardbiased voltage and
reverse biased voltage supplied across aP-N
Junction.

+ Discuss effects whenaP-N junctionis supplied

with forwardbiased voltage andreverse biased

vohqge
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INTRODUCTION

Atoms are the main core of al materials. It is the smalest units that
make up a substance. Atomic structure con be used to determine

the electrical properties of substance.

Electronic component and device are made of semiconductor as
electrical materials. To understand more dbout the use of
semiconductors.  the importance things to know is the
characteristic and electrical properties of it In this chapter, it wil be
more focused on the atomic structure of semiconductor
materidls. the p-n _junction reactive towards voltage biasing and

their properties.

As you know. there is prescribed energy band. that the electrons
of an atom can exist within it. Each shel around the nucleus
corresponds to a certain energy band and is separated from
ad_jocent shells bybaondgaps.in whichno electrons canexist

An insulotor is functioned to not dlow the electrical current flow
thr‘ough it. The material itself does not conduct electrical current

when workingin normal condition.
For the high-performance insulators. it is compounds rather than

sihgle—element materiadls ond it dso wil have a very higher

resistivities.

O1|INTRODUCTION OF SEMICONDUCTOR




f NICE TOKNOW

% ‘
- U
Conductorshave many

free electrons whereas
insulatorshave very
few ornone atall

The vaence atom in the materia have a tight bound to the atoms and wil
result a very few free electrons that caon flow across the insulator. For

example. such as rubber. plastics. glass. mica. and quartz.

A conductoris functioned to dlow current flow through it. The materials itself
is good conductor such as metal. The best conductors are single—elemeht

materidls. such as copper (Cu). siver (Ag). gold (Au). and aluminum (AD. which

are characterized bg atoms with onlg one vdlence electron very Iooselg
SILICON bound to the atom. The free electron inside conductor is the loosely bound
valence electrons. This may result in a conductive material the free electrons

are vdlence electrons.

A semiconductor is a material that can conduct electrical current throughit.
The condition of the materidls is between conductors and insulators. A
semiconductor inits pure (intrinsic) state is neither a good conductor nor a

good insulator.

A commonlg used of single—element semiconductor such as ontimong (Sb).

GERMANUM

arsenic (As). astatine (At). boron (B). polonium (Po). tellurium (Te). slicon (Si). ond
germanium (Ge). For compound semiconductors that usualy being used such
as galium arsenide. indium phosphide. galium nitride. siicon carbide. and siicon
germanium. The characteristic of the single-element semiconductors is the
atom with for valence electrons. The most commonly semiconductor that

being useduseinthe industrg nowodogs is Siicon.
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TRICAL

The materials can be divided into conductors. insulators and semiconductors by determine their
electrical conductivity. The material that dlows current to flow through it easily are cdled

conductor.

The reason because valence electron con eosily become free electron that con flow throughout
the materid due to its atoms that have valence electrons thatis not strong enough tobe held bg
nucleus. However ., for the insulator materiadls. its valence electrons are tightlg bound and because

of this.it doesnot conduct electricitg‘

A material with electrical conductivity that lies between those of insulators and conductors are
called semiconductor. Semiconductor materials con conduct electricity better thaninsulators but
not as good as conductors. The semiconductor atoms have four valence electrons. The total of
free electron numbers is not fix depend on external condition such as increasing and decreasing
temperature of the materids or by adding the voltage to the semiconductors. The best and

commorwlg use semiconductorsis siicon.

—a

.
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Figure 1.7 :Insulator

Conductors  have loosely bound
electrons in their outer shell These
electrons require a smal amount of
energy to free them for conduction.
The force on each electronis enough
to free it from its orbit and it can
Jump  from atom to atom
Conductors are sad to have a low
resistivity or resistance.

~

A
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Insulators have tightly bound
electrons in their outer shell
These electrons require a
very large amount of energy
to free them for conduction.
The force on each electronis
not enough to free it fromits
orbit ond the insulator does
not conduct Insulators are
said to have a high resistivity

N\

or resistance.

+++++++++

¢
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OlI0101010

Figure 1 2:Conductor

+++++++++

04| INTRODUCTION OF SEMICONDUCTOR



The total atomic number of siiconis 14. This means that inside its nucleus it has 12 protons
thatbadoncedby 14 orbiting electrons. The very outermost of the ring of an atomis called
the vdlence ring and the electronsin this ring are cdlled valence electrons. There are four
valence electrons for all semiconductors. In order to determinesits electrical conductivity,

it depend onnumber of valence electron possessed by any atom.

N~

In order to determines how it wil combine with other atoms it depends on the
nuMber of valence electron also.In order to determine whether the conductoris the
best or not. by checking the number of valence electron If there is only one valence
electron that's means it is the best conductor. It dlso to determine whether the
insulator is the best or not. by checking the number of vdlence electron If there are
complete shells, that's means it is the best insuator. The characteristics of

conductors. insulators and semiconductors are summarizedin Table 1.
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Table 1:Characteristics of conductors,insulators and semiconductors

/ CHARACTERISTICS

CONDUCTOR

INSULATOR

SEMICONDUCTOR

% Conductivity Conducts electricity Does not conduct Electrical conductivity
electricity intermediate between
insulator and conductor
7 Volence electrons T3 vaence electrons 5-8 valence electrons 4 vdlence electrons

siver. aluminum

plastics, ceramics

Resistivity Low resistivity, Highresistivity Atoms Does not easiyrelease or
Atoms tendtorelease | tendacceptelectrons acceptelectrons
valence electrons
2 Vdenceand Vdence and conduction| Vdlence andconduction |Vglence and conductionband
conduction bands are overlapped bands are separatedby |gre separatedby forbidden
forbidden energy gap of energygap of 11eV
6to 10eV
% Temperature Ithas positive lthasnegative lthas negative temperature
temperature temperature coefficient
coefficient
% Forbiddengop [thasno forbiddengap | Ithas large forbidden Ithas small forbiddengop
gop
% ZeroKelvin Actslke Actslke aninsulator Actslke aninsulator
behavior superconductor
# Examples Examples: copper. Examples: glass. Examples: siicon.

germohium. carbon
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2.0 Atomic Structur

e
e,

_»"b/

The atomic structure model was introduced by Niels Bohr in 1913, Atoms is built of
nucleus and electrons. The nucleus are combination of protons and neutrons. Positive

charged are called protons while negative charged are called electrons.
For the neutronsitis unchohged. An atom’'s structureis consisting of a nucleus in the
center and electron will move around it Ioger bg Ioger. For this Ioger it is called shells.

The first shell(n=1) is called K, the second shellL (n=2). followed byMN O.P.and Q.

The valence electron stogs at the outermost of the shell. The valence electronis used

to determine the electrical properties of the materials.

Electronorbit

Protonat i
the nucleus . > @ @  Electron

Figure 2.1: Bohr's atomic model
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The maximum number of
electrons in each shellis given

bg the following formulao:

From the formula given, the maximum number of electrons for each shell are

as depictedin Table 2.

N Shel Maximum number of
electrons

1 K 2

2 L 8

3 M 18

4 N 32

5 ©) 50

6 P 72

7 Q 98

Table2.1 :Maximum number of electrons for each shell
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Shel

Nucleus

/

Electron

Figure 22  Atomic Structure of silicon and germanium

e AT
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TUTORIAL QUESTION

Helmms
Alomic numbss m

Fe|&Fe | T |8= &5 | F~

51 | 2 | = | w0 | & & | &1 | & | 68 | oee | 6T [ @ | & | o | T
La | Ce [ Pr | Nd | P | Sen | En | Gd | Th | Dy | Ho | Er | Tm | ¥Yb | Lu
L o L ot 9% M o i T ok e W | e f opa: | 1@l
Ac [ Th | Pa | U | Np | Pu | Am | Cm | Bk | OF | Ex | Fm | Md | No | Lr

Table 22 :Periodic Table
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There are some aspects that interrupt covalent bonds
such as heat. temperature. potential different and the

doping process.

The covalent bonds will break due to this factor and some
electrons are freed to become free electrons. A small
amount of current wil flow because a small number of
free electrons are produced if small voltage is applied to

the semiconductors.

More valence electrons will be freed from their bonds to
become free electrons if the temperature keep increase.
The semiconductor willbecome as conductor if the voltage
is kept continues to be supply and the current wil keep

iNncrease.

Sharedelectrons of acovadlent bond

Figure 3.1: Covdentbondsbetween siicon atoms

et
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TUTORIAL QUESTION

(Answer atend of chopter)

a) Whatis the basic difference between conductors andinsulators?

b) How do semiconductors differ from conductors andinsulators?

c) How many valence electrons does aconductor such as copper have?

d) How many valence electrons does a semiconductor have?

e) Naome three of the best conductive materiadls. 6
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4.0 CHARACTERISTICS AND ELECTRICAL PROPERTIES OF
SEMICONDUCTORS

4.1 INTRINSIC AND EXTRINSIC ®
SEMICONDUCTORS

A pure substance to which impurity has been added are called
intrinsic semiconductors. At room temperature. the current
conductivity capability is low. The most frequently used intrinsic
semiconductors in electronic applications were Germanium and
Silicon.

4

To produced extrinsic semiconductors. a small number of impurities (\_,;ﬂ]]

need to be added to intrinsic semiconductors. It used to increase
either the number of free electrons or holes’ in the semiconductor

crgstol. | also increase the current conductivitg.

The impurities added to semiconductors have two category which is
trivalent and pentavalent. Trivalent impurities consist of three
valence electrons while pentavalent impurities consist of five valence
electrons. Doping is the process to adding impurities to the

semiconductors.

14 | INTRODUCTION OF SEMICONDUCTOR



4.2 DIFFERENCE BETWEEN INTRINSIC AND
EXTRINSIC SEMICONDUCTOR

An intrinsic semiconductor is the one which is made of the extremelg

pure semiconductor material. They have the equal number of holes
and electrons so do not conduct the current. Extrinsic

semiconductors are made out of intrinsic semiconductors bg adding

some suitable impurity (P-Type or N-Type) in an extremely small

amount.

Table 4.1 : Difference between Intrinsic and Extrinsic Semiconductor

CHARACTERISTICS INTRINSIC SEMICONDUCTOR

’>\,ll< Purity

Pure semiconductor (with animpuritylis
considered tohave anintrinsic nature.

EXTRINSIC SEMICONDUCTOR

Such semiconductors are made by adding
impurities to pure semiconductors.

Conductivity

Low

High

Use

They are not practicalyused

They are practicalyusedin various
applications.

S,,K Energygaop

Energygapis small

The energygopis more than thatinan
intrinsic semiconductor.

Number of electrons andholes are

Electrons vsHoles INN-type. electrons areinma_jority
equal whereasinP-Type. holes areinma_jority,
- _ For P-Type: Galium. Aluminum. Boron.
Examples Siicon. Germanium

For N-Type:Phosphorous. Antimony, Arsenic.

%:6 Elements table

GrouplV elementslie in this
category,

Group lland V elements (as animpurity) are
introducedin Group IV elements.

Sl,Cor\ductivitH Vs

Temperature

Conductivityincreases as
temperaturerises.

Conductivity mainly depends on the
impurity added

15 | INTRODUCTION OF SEMICONDUCTOR
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5.1 P-Type Semiconductors

By adding trivalent impurities to intrinsic semiconductors, it wil be
produced p-type of semiconductors. It wil create excess holes which

conaccept electrons.

Any impurities which can produce p-type semiconductors are known
as acceptor impurities. Figure 51 shows an example of a p-type

semiconductor formed bg odoling indium to siicon.

The atom that has only three valence electronsis called trivalent atom.
There is some examples of material such as aluminum (AD. boron (B).
and galium (Ga). Atom that doped with large number of trivalent

impurities such as siicon crystal may results inmany holes. or vacancies

in the covalent bond structure of the material At the vaconcy area.
one more valence electron is needed for each trivalent atom for the
crystal to gain the maximum stabiity of electric charge with eight
electrons.

17 | INTRODUCTION OF SEMICONDUCTOR



Indium has 3 valence electrons while siicon has four
valence electrons. Deferring to Figure 51 notice that
indium contributes al three of its valence electrons to

form three covalentbonds with three siicon atoms.

Due to Indium atom has no more valence electron left.
one of the valence electrons consist of four siicon atoms
does not form a covalence bond. A hole was created
due to missing electron that left an empty space which

has apositive electric charge.

Ma jority current carriers are holes that is p-type
semiconductors while free electrons are the minority
current carriers. Due to the predominance of holes, it
has positive charge compare to free electron It is p-
type semiconductor materid where p is stonds for

positive’

AT

Trivalent

|
I
o/ O\
{— S \ ~ impurityatom
. o o ol )
T — P —

Figure 5.1: Formation of p-type material
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5.2 N-Type Semiconductors

By adding pentavalent impurities to intrinsic semiconductors. the n-

type semiconductor canbe produced.

Donor  impurities is  impurities  which  can  produce n-type
semiconductors because theg able to donate free electron to the

semiconductor.

Arsenic has five valence electron and for siicon it has four valence
electrons. As shown in Figure 52 arsenic contributes four valence
electrons to form four covalent bonds with four siicon atoms. Due to
this. the arsenic atom leaves with one excess valence electron wil not

bonding [t willbecome a free electron.

The free electron wil be negative current carrier. In n-type
semiconductors. the ma jority of current carrier is free electrons.
Whie in minority of current carriers. it is holesDue to the
predominance of free electrons, that are negative compared toholes,
the semiconductor is called an n-type semiconductor. where n stands

for negative. Table 51 show comparison of p-type and n-type

semiconductors.
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The atom that has five valence electrons is called pentavaent
atom. There is some examples of materidls such as antimony (Sb).

arsenic (As). and phosphorous (P).

Large number of pentavalentimpurity atom when doped with a
slicon crystal may results in produce more free electrons in the
material. At the location of each pentavalent atom. there wil
have one electron there and it is not used in the covalent bond
structure Bear in mind. that there wilbe only eight electron that

canbe existin the outer ringonevery atom.

This may result one of the vdent electrons is the pentavalent

impurity is not neededin the structure of the covalentbond and

wilbe free electron that wil floating across the material

-l:“\ Jri i"-.l free electron
|
_— e
a ® | o ® .
‘-H-‘-n_\_,_l—"'-'-. -\—|_.—I—ﬂ-ﬁ
-\ / ® e\ Pentavdent
| impurity atom
o/ e .
.:-l‘_'-.—-_--\"'h.\_
e o g of |
P =
"'\-\_\_\_\_'_'_'_,-F’ -

Figure 5.2 :Formation of n-type matericl
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Table 5.1: Comparisonbetween p-type and n-type semiconductors

PARAMETER

Nature of doping element

RN

P-TYPE SEMICONDUCTOR

Donor type

MW-

N- TYPE SEMICONDUCTOR

Acceptor type

Impurity addedin doping

process

Trivalent

Pentavalent

Ma Joritg current carrier

Holes

Electrons

Mir\or‘itg current carrier

Electrons

Holes

Conductivitg

Due topresence of holes

Due to presence of electrons

Concentration of

electrons

Low

Veryhigh as compares top type
semiconductor

Concentration of holes

Comparativelyless thanp type
semiconductor

21 | INTRODUCTION OF SEMICONDUCTOR



TUTORIAL QUESTION

TMA
T

)

(AN gEE!

(Answer at end of chapter)
a) Whatis the purpose of doping process?

b) What type of semiconductor material is created when a silicon crystal is doped with

pentavalentimpurity atoms?

c) ldentifyhow many electrons are presented at valence layer of the trivalence atoms for

doping process.
d) What are the minoritycurrent carriersin ap-type semiconductor material?

e) Does ahole exhibit apositive, negative, or neutralcharge?
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6.0 Formation of p-n Junctions

6.1 FreeElectrons mobilitg

When there is no voltage or electric field applied across the semiconductor. the
free electrons moves randomly,

However. when the voltage or electric field is opplied across the semiconductor.
each free electron starts to move more quickly in particulor direction. Electrons
move very fastin vacuum.

Accordng to conventional current theory current flows from the positive
terminal to the negative terminalbecause current flows from ahigher potential to
alower potential

___-—F"‘—._-WF

e A LN T

T e T
L T N T e T o
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The positive terminal has higher potential than the negative terminal According to electron
current theory electrons flow from the negatives terminal to the positive terminal

Free electrons are electrons freed from covalent bonding. An electronis acurrent carrier
and since it is hegotivelg chorged it is caled a negotives current carrier. When an electron
moves.itleaves aspace caled ahole.

Holes are considered to be positively charged They attract electrons to fil the empty
spaces. The movement of electrrons causes current flow in semiconductors.

Figure 6.1 : Electron andhole pair
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At the moment of p-n junction formation. the free electrons of the n-type semiconductor

begin to diffuse across the junction to combine with holesin the p-type semiconductor.

This process wil create alayer of positive charge between the n-type semiconductor and the

Junction since the n-type semiconductor loses its free electrons.

As the electrons and holes combine, a layer of negative charge wil form between the p-type
semiconductor and the junction since the p-type semiconductor losesits holes. The positive and

negative layer near the junction form adepletionregion asillustratedinFigure 6.2.

Depletionregion

1. | ~ope +
e

+
+ Positive charge layer

Negative chargelayer :

Figure 6.2 - Formation of p-n junction
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/7.0 PNJunctionReactions
towards Voltage-Biasing
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\

The termbias is defined as a control voltage or current The termbias
refers to the application of DC voltage to set up certain operating @
J/ conditions. Or when an external source of energyis applied to aP-N

Junctionitis caled abias voltage or simply biasing,

This method either increases or decreases the barrier potential of
the junction As aresult the reduction of the barrier potentiolcauses

current carriers toreturn to the depletionregion.

Following two bias conditions are appliedin PN junctions:

Forward Biasing

An external voltage is added of the same polarity to the barrier potential,
which causes anincrease in the width of the depletionregion.

Reverse Biasing

APN junctionis biosedin such a way that the application of external voltage
action prevents current carriers from entering the depletionregion.

28 | INTRODUCTION OF SEMICONDUCTOR



/.2 ForwardBias
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Figure /2 shows the schematic symbol of a diode with the voltage
source. V connected to provide forwardbias. Notice that forwardbios

exists when the anode,

A'is positive with respect to the cathode. K. Notice that electrons flow
to the nside. against the arrow on the diode symbol The arrow on the
diode symbolpoints in the direction of conventionad current flow.

Either current direction works wel when onolgzing diode circuits.
However. we wil use electron flow when Gnolgzihg circuits contc:ining

diodes.
p n
ololele] IS0l EEEEE
O00GI2L - - - -
OOOCIRR - - - -
[ |OOOBIRE ----
(A) (K)
— —-
|I ‘—
] A Electron flow
- I||| _ e
' Conventional flow
1= f:
Figure /.1: Depletionregion when Ill'
v

supplied with forwardbias

Figure /2 : Electron flowis ogoinst the

ﬁ arrow,

5 |
i “J
] /
-J\. .
N |

o N |
il
o
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/.3Reverse Bias

0]010]0]0;
01001010
QEOOO
ClCICICIO]

|
o+

2 -

Figure 7.3 : Depletion region when supplied withreverse bias
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/74 Leqkqge Current

e 0
L

- ®
[ )

Even a reverse-biosed dode conducts a smal amount of
current, caled Ieokoge current The Ieakoge current is moinlg
due to the minor‘itg current carriers in both sections of the
diode.

The minority current carriers are holes in the n side and free
electrons in the p side. The minority current carriers exist as a

result of thermal energy producing a few electron-hole pairs.

Since temperature determines the number of electron-hole
pairs generated leckage current is mainly affected by

temperature.

Any increase in the temperature of the diode increases the
leokage current in the diode. These minority current carriers
move in a direction thatis opposite to the direction provided with

forwardbias
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The p side of adiodeis called the (anode/cathode) and
the nside is cdlled the (anode/cathode).
(=

To forward-bias a diode, the anode must be @

(positive/negative) with respect toits cathode.

A reverse-biased diode actslike an (open/closed)
switch.
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RECAP 1

RECAP 2

The properties of materials are
determinedby their atomic structure
especially their valence electrons.

Semiconductors are materials with
electrical conductivitg between those of
conductors andinsulators.

RECAP 3

Siicon and germaoniumare commonlg used

semiconductors.

P-Type or N-type materia canbe
producedby addingimpurities to pure
semiconductors through the doping

process.

RECAP 4

Apn junctionis formed when p-type and
n-type materials are combined together

< * P-n junctions are more useful whenbias
| voltage is applied.

RECAP 5

There are two types of bias voltage.
nomelg forwardbios andreverse bios.

Now that we understand the basic
choracteristics of semiconductors and the

effect of voltage biasingonpn junctions.
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p-Type serniconductors
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TUTORIAL QUESTIONS

Multiple-Choice Questions

¥
2%

1 Themost Widelg used semiconductive materialin electronic devicesis

A. germanium
B. carbon
C. copper

D. siicon

2. Select the statement which explains the term semiconductor. A valence electrons which are
weokly attracted to the nucleus of atoms

A. Vdence electrons which are Wedklg attracted to the nucleus of atoms
B. Amaterial with electrical conductivitg iNnbetween those andinsulators
C. Asubstance thatresists the flow of electric current

D. Alarge amount of free mobile electrons

3. Whatis the atomic number of siicon?

A 10
B. 14
C 16
D. 32

4. The valence shelin a siicon atom has the number desighotion of

A O
B. 1
C 2
D. 3

5 What wilhoppen to the depletionregion when the termindls are connected as shownin

Figure 1?2

e d
Deplition region
I
1T

Figure

A. The depletionregonis destroyed
B. The width of the depletionregionincreases.
C The widthof the depletionregion decreases.

D. The width of the depletion regionremains the same.
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TUTORIAL QUESTIONS

Multiple-Choice Questions =55

6. The process of adding impurities to a pure semiconductor materidl in order to increase its

electrical conductivitg is called

A Velocity
B. Conductivity
C. doping
D. Permedbiity

/. The purpose of adding a pentavalentimpurity to asemiconductoris to

A. increase the number of free electrons
B. increase the number of holes
C. reduceitselectrical conductivitg

D. create minoritg carriers

8. Holes in ann-type semiconductor are

minority carriers that are thermaly produced
minority carriers that are produced by doping

ma_jority carriers that are thermaly produced

0O wr

ma_jority carriers that are producedby doping
9. Apn junctionis formedby

A, therecombination of electrons andholes
B. ionization
C. theboundaryof ap-type and ann-type material

D. the colision of aproton andaneutron

10. The depletionregonis createdby

A, lonization

B. diffusion

C. recombination

D. answers(A).(B).and(C)
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TUTORIAL QUESTIONS

Short-Answer Questions

9
/ ad g
4 Whenap-n junctionisformeda___________ regionis createdon either side of the ?

Junction.

Whatis meant bg the term intrinsic semiconductor?

Explain how abarrier voltage is produced at ap-n junction.

Figure 2 shows the structureforon___________ atom. The electrons are
___________ chargedandtheprotonsare ___________ charged
Figure 2

Whenap-n_junctionis supplied with a forwardbiased voltage. what wilhappen to
a) the width of the depletionregion?

b) the Junctionresistance?

c)the current flow?

When adiodeis forward-biased. the currentisproduced __________ holes and
electrons.

Although currentis blockedinreverse bias thereisavery___________ currentdue
to minoritg carriers.

A diode is hormally operatedin the the

For asiicon diode. the value of the forward-bias voltage typicalymust be greater

than
/.
When forwardbiosed. adiode -

~
/
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1. An atomis the smallest particle in an element.

2. Anelectronis anegatively chargedparticle

o @
3. An atomis made up of electrons. protons. and
neutrons.

4 Electrons are part of the nucleus of an atom.

(=] o
5. Vdlence electrons existin the outer shel of an

atom. | |
[ ) o

6. Crystdis are formedby the bonding of atoms.

7/ Sliconis a conductive material.

o [
8. Slicon doped with p and nimpurities has one
pn junction. | |

) ’ e

9. The pandnregions are formedbyaprocess
cdlledionization.

o (@)
10. The dbsence of an electronin the valence
bond of an atomis caled hole.

TUTORIAL QUESTIONS

True/False Questions

BUE
ILRUE
i
ILRUE
[reue
i
BUE
i
lLRUE
[reue
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TUTORIAL QUESTIONS

Essqg Questions

- =

0”9.

blList FIVE (5) types materialin semiconductor’s family.

/4

a)Define semiconductor.

cJState the three categories into which materials can be classified
based on electrical conductivity. Explain how atomic structure
determines the electrical conductivity of these materials.

d) Explain Forward Bias condition when VD>0V which related to the P-N
Junction and internal distribution of charge under forward-bias
conditions.

e)State the factors that can free electrons from covalent bonds.

alList all the importance parameter for the atomic structure.

b)Draw andlabel ap-n junction.

cJBy using a suitable diagram. explain how an n-type semiconductor can
be produced.

d)With the aid of diagrams. ilustrate the meaning of forward biased and
reverse biasedp-n junctions.

elllustrate the formation of aP-N junctionin terms of:

iFree electrons mobility

i.Formation of depletion region andits properties

iExistence of threshold voltage andits values for silicon and germanium.
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Tutorial answer - . lig
4"
pg:10

« The atomic number of siiconis 14. This means that there are 14 protonsin the
nucleus. Since there s dways the same number of electrons as protonsina

neutralatom, there are dlso 14 electrons.

As youknow. there canbe up to two electronsinshel 1 eightinshel 2 and

eighteen in shell 3.

Therefore.insiicon there are two electronsin shelll eight electronsinshell 2,

and four electronsin shell 3 for a tota of 14 electrons. The electron

comfigumtion table for siiconis shownin Table 1 0

Notation Explanation

Tstshel 2 electroninTshell

2ndshel 8 electronin 2 shell
3rdshel 4 electronin 3rdshell
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Tutorial answer
pg:13

Answer
a)Whatis the basic difference between conductors andinsulators?

Insulator

Conductor

Doesnot conduct

Conducts electricity
electr‘icity

T3 valence electrons | 5-8 valence electrons

Low resistivitg High resistivitg. Atoms
Atoms tendto tend accept
electrons

release valence
electrons

Exaomples: copper. Examples: glass.

siver, aluminum plastics, ceramics

Electrical conductivitg intermediate betweeninsulator and conductor

4 valence electrons

Does not easilyrelease or accept electrons

« [thasnegative temperature coefficient

* Ithas smal forbidden gap
Examples siicon. germanium. carbon

c) A conductor such as copper have 1-3 valence electrons.

d) A semiconductor has 4 valence electrons.

e) Three of the best conductive materialsis copper. siver and aluminum
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Tutorial answer
pg :22

\/,
é\.

a)The purpose of doping process s to produce an extrinsic semiconductor.

b) n-type semiconductor is created when a siicon crystal is doped with
pentavalentimpurity

atoms.

c) It has only three vdlence electrons of the trivalence atoms for doping

process.

d) The minority current carriers in a p-type semiconductor materiadl is the 0

electrons.

e) Ahole exhibits apositive charge.
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TUTORIAL ANSWER

Multiple-choice Question

1D
2B
3B
4D
5C
6C
/A
8A
9C
10D

EGe

cC
&
“
~
m
yA
-
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TUTORIAL ANSWER

OO0V OLOOLVOLV ULV OULUU

Short-Answer Questions

1 depletion

2. Intrinsic semiconductor is a pure semiconductor material which does

not containimpurities.

3. The transfer of electrons from the n side of the junction to holes on
the p side of the junction produces abarrier voltage. The barrier voltage

value for siiconis 0.6 to 0.7V and02to 03V for germanium.
4. duminium. negative. positive

5 Areaof depletionregion:Becomes smaller or thinner
Junctionresistance: Decreases

Current flow:Increases

6. Both

7 Sl o A\r;)/

8. forward-bias region, reverse-bias region

9. 07V

10. conducts currents / \\
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TUTORIAL ANSWER -—
True/False Questions
200 1. TRUE
\
' v‘\ e 2.TRUE

(5 ) 3. TRUE
\
( 5 )\ 4. TRUE
\

5. TRUE
7. FALSE

i
\

6.TRUE
< 1 5 8. TRUE

9. FALSE
L7

QO- 10. TRUE

Wel| Dsr\e‘-
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TUTORIAL ANSWER

Essqg Questions

\'I\PREJ'J,

Question
a) Semiconductor is a matter between the insulator and conductor. It conducts electricitg

better thoninsuator but poorer than conductors.

b)Five (5) types materialin semiconductor's famiy,
« Sliconsi
« GermaniumGe
e StanumSn
e PlumbumPb
e CarbonC

c) Electrica materidls con be classified as conductor. insulator and semiconductor. The
differences between these materidls are the number of valence electronsin their atomic
structure. Conductor has one to three valence electrons so atoms tend to release
valence electron Insulator has five to eight valence electrons. The insulator atom tend to
receive valence electron while semiconductor only has 4 valence electrons. It's not easy to

release or receive valence electron.

d)

LVD wil ‘pressure” electrons in the n-type material and holes in the p-type materidl to
recombine with the ions near the boundary andreduce the width of the depletionregion.
i The resulting minority-carrier flow of electrons from the p ~type material to the n-type
materidl has not changed in but the reduction in the width of the depletion regon has
resultedin aheavyma_ jority flow across the junction

il An electron of the n ~type materialnow ‘sees’ areducedbarrier at the junction due to
the reduced depletion region and a strong attraction for the positive potential opplied to

the p ~type material

?'cl'!

e) Factors that dlow electron to become free from covadent bonds are heat

temperature. potentid dif ference and dopingprocess.
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TUTORIAL ANSWER

Essqg Questions

Question 2

a)  Atoms consist of three basic particles: protons, electrons. and neutrons. The nucleus

(center) of the atom contains the protons (positively charged) and the neutrons (no charge).

Nucleus

EIecIﬂn l -

Proton

Neutron

b) p-n junction

Pelyp

&

I
O
{

NERERRRRE
. 8 0 B
| NENNE NERRE U |
| NENET NERRE NEN |

IEEXERE R RN K]
4

c) n-Type semiconductors can be constructed by adding pentavdent impurity atom to the
intrinsic semiconductor. This process is cdled doping. Pentavalent atoms such as arsenic ond
phosphorus have five valence electrons which wil provide an extra free electron. So electrons

are ma_jority carrier in n-type material

d) Forward biased p-type connected to the positive terminal of supply voltage while n type

connectedto the hegotive terminal.

-] —~ n
YO el - - —
3339182
[elelele] =Y . " //
9

— _J « "\ W
i // Q‘}gf\z

T ow
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TUTORIAL ANSWER

Essqg Questions

Wel) Dsr\e‘-

Reverse biased p-type connected to the negative terminal of supply voltage while n type

connected to the positive terminal.

lelelelelo)
ielele]olo]

O

Q

Q

O
[oJolololo]
[olololol0)

e)

i.Freeelectrons mobilitg

With the formation of the p and n materials. holes from p-type wil diffuse into the n-type.
and electrons fromn-type wil diffuse into the p-type. Combination of electrons andholes at

the junction tokesplace.

i. Formation of depletionregion andits properties

When equilibriumis reached no further diffusion of electrons andholes across the junction.
This creates the depletionregion andhas abarrier potential

The depletionregonis aregon depleted of anycharge carriers.

ii. Existence of threshold voltage andits values for slicon and germanium.

An electric field orientedin the direction from the (+) charge to the (-) charge wilbe created,
Potentidl difference across the depletion region occurs and it is called threshold/ knee
voltage (k).

Vdlue of Vk for slicon=0.7V and germanium=03 V.
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