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This e-book aims at providing the students with the understanding of the basic

operating principles of Semiconductor Devices and at the same time illustrates how the

circuit have been derived from these principles. This e-book written based on the

polytechnic syllabus for the Semiconductor Devices course taken by Electrical and

Electronic Engineering students. The fundamental principles and applications of

semiconductors are explained in this e-book to enable students to gain a good

understanding of Semiconductor Devices and their applications.

The first chapter discusses the basic properties of semiconductors and introduces the

characteristics of P-N junction. Chapter 2 discusses the characteristic of diode as a

semiconductor device, the outlines of IV characteristics curve for silicon diode and the

applications of the diode in other electronic circuit. Chapter 3 discusses the basic of

Bipolar Junction Transistor (BJT), the characteristics and operation of BJT

semiconductor, transistor configurations, DC operation, frequency response and their

characteristic and the classes of amplifier. Tutorials are provided for all chapters to

help students master the concepts covered by each topic. Answers are included at the

end of the e-book.
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UNIT1
INTRODUCTION TO SEMICONDUCTOR

A semiconductor device is an electronic component whose function is dependent on the electronic

properties of a semiconductor material (most often silicon, germanium, and gallium arsenide, as well

as organic semiconductors). Because of their dependability, compactness, and low cost, these

devices have a wide range of applications such as illustrates in Figure 1.1. Discrete components, like

assolid-state lasers,are employed in power devices, tiny optical sensors,and light emitters.

What IsSemiconductor?1.1

Figure 1.1 Application of semiconductor

Characteristicsand electrical  

propertiesof semiconductors

1.2

• Semiconductors are materials that are neither conductors nor insulators. They have conductivity

that is somewhere in the center of that of conductors and insulators.

• Examples of semiconductors are Germanium,Silicon, Carbon, and Selenium.

• Semiconductorshave a resistivity rangeof 10-4 to 108 Ω cm,whereas conductors have a 

resistivity range of 108 to 10-4 Ω cmand insulators have a resistivity range of 108 to 1018Ω cm

Figure 1.2 Resistivity range for different materials

1



02

• Atoms are comprised of electrons, neutrons, and protons. Their characteristics are shown in 

Table 1.1.

• Electrons are found orbiting the nucleus of an atom at specific intervals, based upon their 

energy levels as in Figure 1.3.

• The outermost orbit is the valence orbit as shown in Figure 1.4. Valence band electrons are

the furthest from the nucleus and have higher energy levels than electrons in lower orbits.

• The region beyond the valence band is called the conduction band. Electrons in the 

conduction band are easily made to be freeelectrons.

Table 1.1 Characteristics of atom

Electron Proton Neutron

Size
Smallest and

lightest  

particle

1800 times bigger

than  electron
Same size as proton

Charge Negative Positive No charge

Figure 1.3 Atomorbit Figure 1.4 Atomlayer

Review of BasicAtomicModel1.2.1
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• Electron shells in an atom were formerly designated by letter rather than by number.Figure 1.5 

illustrates multiple numbers of electron shells.

• Themaximumnumberof electrons that any shell mayhold isdescribed by the equation 2n2, 

where “n” is the principal quantumnumber.

• Thefirst shell (n=1)was labeled K, the second shell (n=2)Land soon as tabulated in Table 1.2.

Table 1.2 Electron shellsnotation

Figure 1.5 orbit/shell

n Shell
Maximum

number of  

electrons

1 K 2

2 L 8

3 M 18

4 N 32

5 O 50

6 P 72

7 Q 98

Silicon Germanium

layer(K)=2 x1 =2

layer(L)

2 x4 =8

Layer (M)

2 x9 =18

Layer (M) –Layer Valens=4
Layer (N)–Layer Valens=4

No.of atom (Germanium) =32

2 +8 +18 +4 =32

No.of atom (silicon)=14

2 +8 +4 =14

Example 1.1

Determine number of atom for silicon, germanium and aluminium.

Solution:

3



Layer K= 2 electron

layer L = 8 electron

layer M = 3 electron

No.of atom (Aluminium) =13  

2 +8 +3 =13

1-3 Valens electrons 5-8 Valens electrons 4 Valens electrons

Conductor Insulator Semiconductor

Conducts electricity Does not conduct electricity

Electrical

conductivity

intermediate

between insulator

and conductor

Low resistivity. Atoms

tend to  release

valence electrons

High resistivity. Atoms

tend to  accept

electrons.

Does not easily

release or  accept

electrons

Examples : gold,

copper,  silver,

aluminium

Examples : glass,

plastics,  

ceramics

Examples : silicon,

germanium,  

carbon

• Theelectrons in the outer mostshell, or valence shell, are known asvalence electrons.

• These valence electrons are responsible for the chemical properties of the chemical elements.

The propertiesis tabulated as in Table 1.3.

Table 1.3 Propertiesof electronValens

Characteristicsof ElectronValensNumber1.2.2

Material1.2.3

a) Conductor

• Support a generousflow of charge when a voltage sourceof limited magnitudeisapplied 

across its terminals. .

• Low resistance which permits electrons flow through easily. In other word, conductor allows 

electrical current flow.

4



b) Semiconductor

• Hasa conductivity level somewhere between the extremes of an insulator and a conductor.

• Can allow or suppresselectrical current flow.

• Can be conditioned to act asgood conductors, or good insulators, or any thing in between.

• Silicon is the best and most widely used semiconductor.

c) Insulator

• Offers a very low level of conductivity under pressurefrom an applied voltage source.

• High resistance which suppresseselectrical current flow socurrent does not flow in them .

Figure 1.6 Classification of semiconductor

Basically, semiconductor can be classified in two types as indicated in Figure 1.6.

a) Intrinsic Semiconductor

• pure semiconductors

• Example: Germanium(Ge)and Silicon (Si).

b) Extrinsic Semiconductor

• adding impurity to puresemiconductor throughdoping processto improve semiconductor 

conductivity.

• Two categoriesof impurity :

a) Pentavalent impurity (N-type)–doped with extra electrons

- Negative charge

a) Trivalent impurity (P-type)–doped with materialmissing electrons that produce

locationscalled holes

- Positive charge

Typesof
Semiconductor

1.2.4

5



Figure 1.6 Classification of semiconductor

Basically, semiconductor can be classified in two types as indicated in Figure 1.6.

a) Intrinsic Semiconductor

• pure semiconductors

• Example: Germanium(Ge)and Silicon (Si).

b) Extrinsic Semiconductor
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Typesof
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1.2.4
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Figure 1.7 N-type semiconductor

N-typeSemiconductor1.2..5

• An n-type semiconductor is an intrinsic semiconductor doped with phosphorus (P), arsenic (As), or

antimony (Sb)asan impurity.

• Silicon of Group IV has four valence electrons and phosphorus of Group V has five valence

electrons as shown in Figure 1.7. If a small amount of phosphorus is added to a pure silicon

crystal, one of the valence electrons of phosphorus becomes free to move around (free

electron*) as a surplus electron. When this free electron is attracted to the “+” electrode and

moves,current flows.

P-typeSemiconductor1.2..6

• A p-type semiconductor is an intrinsic semiconductor doped with boron (B)or indium (In).

• Silicon of Group IV has four valence electrons and boron of Group III has three valence

electronsasshown in Figure 1.8.

• If a small amount of boron is doped to a single crystal of silicon, valence electrons will be

insufficient at one position to bond silicon and boron, resulting in holes* that lack electrons.

When a voltage is applied in this state, the neighboring electrons move to the hole, so that the

place where an electron is present becomes a new hole, and the holes appear to move to the

"–"electrode in sequence.

7



Figure 1.8 P-type semiconductor

Formationof Junction1.3

• Thebasic concept of free electronsmobility is shown in Figure 1.9.

Figure 1.9 Free electronsmobility

FreeElectronsMobility1.3.1

• In semiconductor, the contact surface between a p-type and an n-type semiconductor is called

a PN junction.

8



1.3.2 Formation of depletion region
and its  properties

• An electric field is set up, between the donor and acceptor ions in the depletion layer of the p-n

junction.

• The potential at the N-side is higher than the potential at P-side. Therefore electrons in the N-

side are prevented to go to the lower potential of P-side.

• Similarly, holes in the P-side find themselves at a lower potential and are prevented to cross to 

the N- side.

1.3.3 Existence of threshold voltage
and its  values for silicon and
germanium

• There is a barrierat the junction which opposes the movementof the majoritychargecarriers.

• Potential barrier is the difference of potential from one side of the barrier to the other side of the 

barrier

• In silicon, the potential is 0.6–0.7 V; in germanium, it is 0.2–0.3 V(ThresholdVoltage).

• Width of the barrier is the distance from one side of the barrier to the other side which depends

on the nature of the material.

Forward Biasand Reverse Bias1.4

When a doped semiconductor has a voltage applied to it, current will flow from negative to

positive, regardless of whether it is p- or n-type material. The current flow is radically different for

the two types of material. Thereare namely forward bias and reversebias.

• Positive side of the voltage is connected to the p-type material, and the negative side to the n-

type material.

• The 'holes' in the P-type region and the electrons in the N-type region are pushed towards the

junction. This reduces the width of the depletion zone. The positive charge applied to the P-type

block repels the holes, while the negative charge applied to the N-type block repels the

electrons. As electrons and holes are pushed towards the junction, the distance between them

decreases.This lowers the barrier in potential.

Forward
Bias

1.4.1

9



• With increasing bias voltage, eventually the no conducting depletion zone becomes so thin that

the charge carriers can tunnel across the barrier, and the electrical resistance falls to a low

value. The electrons which pass the junction barrier enter the P-type region (moving leftwards

from one hole to the next, with reference to the above diagram).An electron starts flowing

around from the negative terminal to the positive terminal of the battery. The thin depletion zone

produces very little electrical resistance against the flow of electrons.

Figure 1.10 Forward Bias

• Connecting the P-type region to the negative terminal of the battery and the N-type region to

the positive terminal.

• Because the P-type region is now connected to the negative terminal of the power supply, the

'holes' in the P-type region are pulled away from the junction, causing the width of the no

conducting depletionzone to increase.

• Similarly, because the N-type region is connected to the positive terminal, the electrons will also

be pulled away fromthe junction.

• This effectively increases the potential barrier and greatly increases the electrical resistance

against the flow of charge carriers. For this reason, there will be minimal electric current across

the junction.

Reverse
Bias

1.4.2
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Figure 1.11 Reverse Bias

• When the voltage is further increased, the current is almost independent of the reverse voltage 

up to a certain critical value. This reverse current is known as the reverse saturation current or 

leakage current.Thiscurrent isdue to theminority charge carriers, which dependson junction 

temperature Ideally no current flow in reverse bias because the majority carrier ceases 

However, there is very small current produced by minority carriers. The current typically in the 

A or nA p-region are “pushed” toward the PNjunction by the negative terminal of bias

voltage range.

11



OBJECTIVESQUESTIONS

1. “Materials which can conduct electricity better than insulator, but not aswell asconductors”. 

This is the definition of :

a) Diode

b) Semiconductor

c) Conductor

d) Insulator

2. Whichof the following acts asa donor impurity in doping process?

a) Arsenic

b) Indium

c) Gallium

d) Boron

3. Whichof these is an Example of Conductors?

a) Wood

b) Copper

c) Glass

d) Plastic

4. Theforbidden energy gap for Germanium is of the order of:

a) 0.7 eV

b) 0.3 eV

c) 1.1 eV

d) 10 eV

5. Theprocess of adding an impurity to an intrinsic semiconductor is called:

a) Doping

b) Ionization

c) Recombination

d) Atomic modification

TUTORIAL UNIT 1

12



6. Thereversesaturation current in a PN Junction diode is only due to:

a) majority carriers

b) minority carriers

c) acceptor ions

7. Donor ionsMajority carriers of Ptype materials

a) Neutrons

b) Electrons

c) Protons

d) Holes

8. PN Junction diode formed

a) Special fabrication technique of combining Pand N -type material

b) PushingPand N- type material towards

c) Welding of Pand N type material

9. Resistancedeveloped in the depletion region is

10. Rforward >Rreverse

11. Rforward <Rreverse

12. Rforward =Rreverse

10. The depletionregion contains

a) Electrons

b) Holes

c) Immobilized charge carriers

TUTORIAL UNIT 1
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STRUCTURED QUESTIONS

1. With the aid of a diagram, sketch and label the atomic structure of copper (Cu) which has 29 

atomic number.

2. Silicon has 14 electrons. Draw the atomic structure for silicon.

3. Listdown THREE(3) types of material that are classified in semiconductor’s family.

4. State TWO(2) semiconductor materials that are commonly used.

5. ListTHREE(3) types of electrical material classification.

6. State THREE(3)characteristicsof semiconductor.

7. Explain how to produce N type semiconductor.

8. Explain TWO92) types of doping materials which called an extrinsic semiconductor.

9. Differentiate TWO(2)between N-Type and P-Type material.

10. By using a suitable diagram, explain how p-type semiconductor can be constructed.

11. Describe TWO(2)of the differences between semiconductor and insulator.

12. State the value of the thresholdvoltage for germanium and Silicon.

13. Statethe processof adding to a puresemiconductor material, in order to increase its 

conductivity.

14. With the aid of a diagram, state the  condition of depletion region when P-NJunctionis in 

reversebiased.

15. Define semiconductor.

TUTORIAL UNIT 1
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TUTORIAL UNIT1

16. With the aid of a diagram, illustrate the effect of reverse biasing on the width of depletion

region.

17. Discuss the operation of forward biased and the effect of depletion layer.

18. In semiconductor materials, atoms link together with one another sharing their outer electrons.

Theselinks are called covalent bonds. Draw the covalent bonds for silicon atoms.

19. Forward bias is the condition that allows current through the PN junction. Illustrate the

connection of PN junction during forward bias and describe TWO (2) conditions that allow

forward bias to occur.

20. With the aid of a diagram, illustrate the meaning of forward biased voltage and state condition

of depletion region, junction resistance and current flow.

21. State TWO(2)semiconductormaterials that are commonly used.

22. By using a suitable diagram,explain how P-type semiconductor can be constructed.

23. Illustratewith suitable diagram, the condition of P-N junction in forward bias and reversebias.

24. Using a suitable diagram, illustrate the meaning of forward biased voltage across a P-N

Junction.

25. With the aid of a diagram, illustrate the meaning of reverse biased voltage and state the

condition of depletion region, junction resistance and current flown.

26. For a P-N Junction that is supplied with forward biased voltage:

i) P-type material is connected to a terminal of the power supply

ii)N-type material is connected to a terminal of the power supply

27. Whena P-N Junction is supplied with reversedvoltage:

i) The resistancesin the depletionregion is

ii) The current flow is
15



UNIT2
DIODES

Diode is a semiconductor device that conducts current only in one direction. The combination of PN

junction creates a diode. Diodes come in a variety of sizes and shapes as shown in Figure 2.1. The

design and structure is determined by what type of circuit they will be used in. Diode can be used in

many application depending on their types asshown in Figure 2.2.

Introduction2.1

Figure 2.1 Diodes Package

Figure 2.2 Typesof diodes

16



Schematicdiagramand physical  

structure of a diode

2.2

Figure 2..3 Physical structure and symbol of a diode

a) Forward bias

• Pjunction is connected to positive terminal and n junction is connected to negative terminal.

• Bias voltage > barrier potential (Ge=0.3Vor Si=0.7V).

• Thedepletion region narrowsdue to reduction in positive and negative ions.

Forward biasand reverse bias2.3

Figure 2..4 Diode in forward bias

Diode is a device that conducts current only in one direction. n-type material and p-type material

become extremely useful when joined together to form a p-n junction. before the p-n junction is

formed , no net charge (neutral) since number of proton and electron is equal in both n-type and p-

type. Thephysical structureand symbolof a diode is shown in Figure 2.3.

17



b) Reverse bias diode

• Pjunction is connected to negative terminal and n junction is connected to positive terminal.

• Thedepletion regionwidens due to additional positive ions are created.

Figure 2..5 Diode in reverse bias

I-Vcharacteristiccurve for silicon  

diode

2.4

Thecurrent and voltage characteristics of silicon diode isillustrate asin Figure 2.6while the 

description of the respective characteristics is represented in Table 2.1

Figure 2..6 IVcharacteristics curve for silicon diode

18



IV Characteristic Function

Knee Voltage

(Threshold  Voltage)

• Voltage level where the increment of currenthappens.

• Whenthe applied forward biased voltage reaches the 

barrier voltage.

• Kneevoltage for Si=0.7Vand Ge=0.3V.

Forward current

(Id)  (Miliampere)

• Amount of current that can be handled safely when

the  forward voltage is supplied and measured in

miliampere (mA).

Reverse current

(Microampere)

• Very small current or leakage current when the diode is

reversed biased and measured in micro ampere.

Breakdown voltage • Voltage level where the incrementof reverse current 

happens (in microampere).

• Big current value exceeds the breakdown level can burn the 

p-n junction and damage it.

Burning Level

(when Id,  Vd

exceeds P max)

• Power (P) that exceeds the max power of the

diode during  forward biased.

• P max is produced from Id and Vd. Vd is a

constant.  Normally

• P is represented by maximum current (Id)

Table 2.1 IVCharacteristic curve for silicon diode

Diode in rectifiers2.5

• A rectifier is an electrical device that transforms alternating current to direct current

• It only allows for one-way electric charge passage(onedirection only) by usinga semiconductor 

diode.

• Basically thereare two types of rectifier : half-wave rectifier and full-wave rectifier.

Half-wave
rectifier

2.5.1

Half-wave rectifier useonly one diode in the circuit to produce output voltage at one cycle only. The 

operation and equationof half rectifier is tabulated in Table 2.2 and Table 2..3.

19



Half positive cycle Half negative cycle

Circuit

Terminal A Positive Negative

Terminal B Negative Positive

D1 Forward bias Reverse bias

Output 

voltage,

Vo

VO = VAB − 0.7 VO = 0

Table 2.2 Half-wave rectifier operation

Characteristics Equation

Vout 𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 − 0.7𝑉

Average

voltage

𝑉𝑜𝑢𝑡
𝑉𝑎𝑣𝑔 =

𝜋
= 𝑉𝐷𝐶

Averag

e  

current

𝐼𝑚
𝐼𝑎𝑣𝑔 =

𝜋

RMS voltage 𝑉𝑚𝑉𝑟𝑚𝑠=
2

RMS current 𝐼𝑚𝐼𝑟𝑚𝑠 =
2

Table 2.3 Half-wave rectifier equations

20
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Figure 2.7 Half-wave rectifier with transformer coupled

Full-wave
rectifier

2.5.3

Figure 2.8 illustrates the full-wave rectifier connected to a center tap transformer. Fullwave 

rectifier usetwo diodes to produceoutput voltage at both positive and negative cycle. The 

operation and equation of full-wave rectifier is tabulated inTable2.4 and Table2.5..

Figure 2.8 Full-wave rectifier circuit

2.5.2 Half-wave rectifier with

transformer- coupled input

voltage
Transformercoupling allows the input voltage to be steppedup or down and to electrically isolated 

the rectifier.Thehalf-wave rectifier with transformercoupled circuit is shown in Figure 2.7.

21



Positive half cycle Negative half cycle

Circuit

Terminal A Positive Negative

Terminal B Negative Positive

D1 Forward bias Reverse bias

D2 Reverse bias Forward bias

Output 

voltage,

Vo

VO = VAB − 0.7 VO = VAB − 0.7

Table 2.4 Half-wave rectifier operation

Characteristics Equation

Vout 𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 − 0.7𝑉

Averag

e  

voltage

2𝑉𝑚
𝑉𝑎𝑣𝑔 =

𝜋
= 𝑉𝐷𝐶

Averag

e  

current

2𝐼𝑚
𝐼𝑎𝑣𝑔 =

𝜋

RMS voltage 𝑉𝑚𝑉𝑟𝑚𝑠=
2

RMS current 𝐼𝑚𝐼𝑟𝑚𝑠 =
2

Table 2.3 Fulll-wave rectifier equations

22



Bridge rectifier2.5.4

Bridge rectifier consists four diodes asshown in Figure 2.9 while the operation of the circuit is as 

indicated in Table 2.4 while the formula is tabulated in Tale 2.5.

Figure 2.9 Bridge rectifier

Table 2.4 Bridge rectifier circuit

Positive half cycle Negative half cycle

Circuit

Terminal A Positive Negative

Terminal B Negative Positive

D1, D3 Forward bias Reverse bias

D2, D4 Reverse bias Forward bias

Output 

voltage,

Vo

VO = VAB − 1.4 VO = VAB − 1.4

Output 

frequenc

y

2 x input frequency

23



Characteristics Equation

Vout 𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 − 1.4𝑉

Averag

e  

voltage

2𝑉𝑚
𝑉𝑎𝑣𝑔 =

𝜋

Averag

e  

current

2𝐼𝑚
𝐼𝑎𝑣𝑔 =

𝜋

RMS voltage 𝑉𝑚𝑉𝑟𝑚𝑠=
2

RMS current 𝐼𝑚𝐼𝑟𝑚𝑠 =
2

Table 2.5 Bridge rectifier equations

Example 2.1

An a.c supply of 230 Vis applied to a half-wave rectifier circuit through 

a transformerof turn ratio 10 :1. Find the output d.c. voltage.

Solution:

𝑁1 = 10
𝑁2

Vprimary=230Vrms

Vm(max),

𝑉𝑚 = 2𝑋 𝑉𝑟𝑚𝑠

𝑉𝑚 = 2𝑋 230

𝑉𝑚= 325.3𝑉

𝑎𝑣

𝐼𝑚
𝐼 =

𝜋

𝑑𝑐 𝐿𝜋 𝜋 𝜋

𝐼𝑚 𝑉𝑠𝑚 32.53
𝑉 = 𝑋𝑅 = = = 10.36𝑉
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Example 2.2

Inthe center-tap circuit shownin Figure 2.10 below, the diodes are assumedto be 

ideal i.e.,having zero internal resistance. Find :d.c.output voltage and average 

current

.

Solution:

Vprimary=230Vrms

Vsecondary=230 X(1/5)=46Vrms

Vm(secondary)=46 X 2 =65V

Vm(acrosshalf secondary winding) =65/2 =32.5V

2𝑉𝑚 = 2𝑋32.5 =0.207A
𝜋𝑅𝐿 𝜋 𝑋 100

Figure 2.10
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Example 2.3

Inthe bridge type circuit shownin Figure 2.11, the diodes are assumedto be 

ideal. Find :

(i) d.c.output voltage

(ii)peak inverse voltage, PIV

(iii) output frequency.

Assumeprimary to secondary turns to be 4.

Solution:

𝑁1 = 4
𝑁2

Vprimary=230Vrms

Vsecondary=230 (𝑁2/𝑁1)=230 X(1/4)=57.5Vrms

Vm=57.5 x 2 =81.3V

(i)𝐼𝑑𝑐 𝜋𝑅𝐿 𝜋 𝑋 200

2𝑉𝑚 2𝑋81.3
= = =0.26A

(ii) PIV=81.3V

(iii)fout =2 Xfin =2 X50 =100Hz

Figure 2.11
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2.5.5 AC voltage and current in rectifier
circuits

• AC voltmeter is an instrumentused to measureAC voltage.

• DC voltages are measuredby the DC voltmeter througha rectifier-based AC voltmeter.

• Diode polarity can be determinedusing an Ohmmeterand the VDC measuring function in 

multimeter.

Applicationof diode inelectronic  

circuit application.

2.6

Diode can be used in manyelectronic circuit application depending on the design requirement.

Clipper
2.6.1

• Clipper or limiter is a circuit which limits/clips the portion of signal voltage above or below 

certain level by limits positive or negative amplitude, or both.

• Prevent either or both polarities of a wave form exceeding a specific amplitude level.

• Theoperation of seriesclipper and parallel clipper is shown in Table 2.6.and Table 2.7.

Table 2.6 Series clipper operation

Positive series clipper Negative series clipper

Circuit

Positive 

amplitude

is  clipped-

off

• diode in reverse biased

• open circuit

• Vout = 0V

• diode in forward biased

• closed circuit

• Vout = VRL

Negative 

amplitude

is  clipped-

off

• diode in forward biased

• closed circuit

• Vout = VRL

• diode in reverse biased

• open circuit

• Vout = 0V
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Table 2.7 Parallel clipper operation

Positive parallel clipper Negative parallel clipper

Circuit

Positive 

amplitude

is  clipped-

off

• diode in foward biased

• open circuit

• Vout = 0V

• diode in reverse biased

• closed circuit

• Vout = VRL

Negative 

amplitude

is  clipped-

off

• diode in reverse biased

• closed circuit

• Vout = VRL

• diode in foward biased

• open circuit

• Vout = 0V

Clamper
2.6.2

• Clamper “clamps” a signal to at a desired DC level.

• A diode clamper adds a DC level to an AC voltage sothe AC signal will be offset up 

(positive) or down (negative).

• Capacitor and diode position will determine either it is positive clamper or negative 

clamper. Figure 2.12 showsthe clamper voltage waveform.

Figure 2.12 Clamper voltage waveform
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Zener diode2.7

Figure 2..13 Physical structure and symbol of zener diode

Figure 2..14 I-V characteristics curve for zener diode

• Zener diode is a special kind of diode that is designed for operation in the reversebiasedmode.

• It permits current to flow in forward and reversedirection.

• It is placed in the circuit in reversebias and operates in reversebreakdown.

• It isusedto produce a stabilized voltage output (voltage regulator) for usein power supply, 

voltmeter and other equipment.

• Thephysical structureand symbolof zener diode isshown in Figure 2.13.

(a)Physical structure

(b)Schematic diagram (c)Symbol

• Zener diode could operate in the reverse biased mode because of its low reverse breakdown

voltage (zener voltage).

• Whendiode reachedreverse breakdown (Vz),reverse voltage remainsconstanteven though 

reversecurrent increase drastically asshonn in Figure 2.14.
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Other type of diodes2.8

Diode can be used in manyapplications depending on the type of diode itself asshown in Table 2.8.

Table 2.8 Typesof diode

Light Emitting

Diode  

(LED)

Photodiode Laser diode

Physical 

structur

e

Schematic

Symbol

Characteristics • operates when  

receives

forward  bias

voltage.

• operating at

low  voltage (1

to 4V)  and let

current  10mA

to 40mA  flow.

• Breakdown 

voltage (3 to

5V).

• The color of

light  depends

on the  

material of

LED

• Able to convert

light  into current or

voltage

• Produces coherent  

radiation in the

visible  or infrared

spectrum  when

current passed  

through it.

Application • Lighting • Photoconduct

or,  

photodetectors, 

charge-couple 

devices, etc.

• Optical fibre

systems,  compact

disc, laser  printer,

etc.
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OBJECTIVESQUESTIONS

1. If a 12V supply connected in forward bias, using a silicon diode and 370Ω resistor in series.

Calculate the value of voltage dropped across the diode.

a) 0.3V

b) 0.9V

c) 1.4V

d) 0.7V

2. State the value of threshold voltage for silicon.

a) 0.3V

b) 0.5V

c) 0.7V

d) 0.9V

3. For a silicon atom, identify the number of electrons in the second orbit. (Atomic No. of silicon=14)

a) 2

b) 8

c) 10

d) 14

4. Namethe type of voltage bias shown in figure below.

a) Zero biased

b) Depletion biased

c) Reverse biased

d) Forward biased

TUTORIAL UNIT 2
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a) 9.3V

b) 10.7V

c) 20V

d) 19.3V

8. State the barrier potential for silicon.

a) 0.1V

b) 0.3V

c) 0.5V

d) 0.7V

TUTORIAL UNIT 2

5. A component X is a special kind of diode which permits current to flow in the forward direction

as normal, but will also allow it to flow in the reverse direction when the voltage is above

certain value.What is component X?

a) LED

b) Photodiode

c) Zener diode

d) Laser diode

6. Thedepletion region in PN junction is caused by

a) Drift of hole

b) Diffusion of charge carriers

c) Migrationof charge carriers

d) Drift of electron

7. Based to the figure below, the peak value of input to a half-wave rectifier is 10V. Calculate

approximatepeak value of the output voltage if silicon diode is used.
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9. State the barrier potential for silicon.

a) 0.1V

b) 0.3V

c) 0.5V

d) 0.7V

ESSAYQUESTIONS

1. Sketch a center-tapped full-wave rectifier circuit with the direction of current flow. The load

resistor is 2kΩ and the diode resistance is neglected. If the peak to peak voltage across the

secondary winding is 220V, calculate output voltage, average voltage and average current.

2. A full-wave rectifier (bridge) operates with a silicon diode. Draw the circuit and explain the

operation of the circuit.

3. With the aid of a diagram, explain the I-V characteristic curve and properties of silicon diode

about the forward and reversebiased with respect to the currentand voltage.

4. The most popular application of diode is rectification. Rectifier is a circuit that converts the AC

voltage to DC voltage. Draw three types of rectifier circuits complete with input and output

waveform.

TUTORIAL UNIT 2
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UNIT3
BIPOLARJUNCTION TRANSISTORS(BJT)

• Transistor is a three terminal device whose output current, voltage and power are controlled its 

input and commonly used in amplifiers, logic gates,microprocessors and etc.

• Two basic type of transistor:

a) Bipolar Junction Transistor (BJT)

b) Field Effect Transistor (FET)

• Typical packaging for BJTis asshown in Figure 3.1.

Introduction3.1

Figure 3.1 Diodes Package

Table 3.1 Comparison betweenBJTand FET

BJTvsFET3.1.1

JFET BJT

Unipolar device (current conduction 

is only  due to one type of majority

carrier either  electron or hole)

Bipolar device (current condition, by

both  types of carriers)

Theoperation depends on the control of a 

junction depletion width under

reverse bias

The operation depends on the injection of

minority carriers across a forward biased

junction.

Voltage driven device. The current

through  the two terminals is controlled

by a voltage at  the third terminal (gate).

Current driven device. The current

through the two terminals is

controlled by a current at the third

terminal (base) 34



• TheNPN and PNPtransistor are shown in Figure 3.2.

• Thecollector and emitter are made of the samematerial and the base is made of the other.

• Thearrow on the schematic symbol identifies the emitter terminal and the type of component

Figure 3.2 Schematic and construction of transistor

Physical structure and schematic
symbolsfor BJT

3.1.2

Figure 3..3 BJTschematic representation

BJTschematic
representation

3.1.3

• TheBJTschematic representation is shown in Figure 3.3. .

JFET BJT

Low noise level High noise level

High input impedance (due to reverse

bias)

Low input impedance (due to forward

bias)

Gain is characterised by

transconductance.

Gain is characterized by voltage gain.

Better thermal stability. Less thermal stability.

Table 3.1 Comparison between BJTand FET(cont.)
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Figure 3.4 PNPand NPN transistor

BJTstructure3.1.4

• BJThas three layerswhich are:

a) Collector

b) Base

c) Emitter

• BJTcan be classified into two types:

a) PNP–operates with outgoing base current

b) NPN –operates with incoming base current

BJTterminal current3.1.5

• Transistor terminal current flow is shown  

in Figure 3.5.

• IE is normally has the greatest value,

followed closely by IC.

• The BJTis a current controlled device.  

The value of IC is normally somemultiple  

of value IB.

• Transistor terminal current :
Figure 3.5 Transistor terminal current

The emitter current  
(IE)is the sumof the  
collector current (IC)  

and the base  
current (IB)

Transistor is a  
current-controlled 

device ; the value of  
collector and emitter  

currentsare  
determined by the

value of base current.

IB<<IEor IC

An increaseor  
decrease in value
of I causessimilarB

change in values

of IC and IE.

Current gain (β)
factor by which  
current increases  

frombase of  
transistor to its  

collector.

IE  IB IC
I C  β D C I B
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• Transistor terminal voltage:

Vcc ,VBB, and VEEare  
power supply voltages,  
eachconnected (directly  
or indirectly) to the  
identified terminal.

VCE, VBE and VCB are inter  
terminal voltages, each  
measured fromthe first  
identified terminal to the  
second.

VC, VB and VE are terminal  
voltages , eachmeasured  
fromthe identified terminal  

to ground.

Basic transistor
operation

3.1.6

A PNPtransistor is typically connected as in Figure

3.6.Theoperation of the PNPtransistor is as

below:

Figure 3.6 PNPtransistor

The emitter-basejunction of PNPis  
connected in forward biased while  

the collector-base junction is  
connected in reverse bias.

The emitter-base junction pushes the  
majority charge carrier toward the  
base, thusestablished the emitter  

current.

The hole in the p-type material  
combineswith the n-type material  
hence constitute the base current.  
The remaining hole reachesacross  

the negatively biased collector-base  
regionand collected by the collector  

due to which collector current  
develops.

Thus,completeemitter current flows  
through the collector circuit.
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A NPN transistor is typically connected as in Figure 3.7.Theoperation of the NPN transistor is as

below:

Figure 3.7 NPN transistor

The emitter-base  
region of the transistor  
is in forward biasing  

and the collector base  
region is connected in  

reverse bias.

The voltage of the  
reverse bias is  

considerably smaller  
ascompared to the  

reversed biased.

The emitter-base  
junction is in forward  

biasing due to which a  
large number of  

electronsis reached to  
the base.This develops  

the emitter current.

The entire emitter  
current flows through  
the collector circuit.

The remaining  
electronsreachacross  

the collector base  
region and develop  
the collector current.

The electron in the  
base region combined  
with the holes.But the  
base is very thin and  

lightly doped, thusonly  
small holescombined  
with the electronsand  

constitute the base  
current.
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3.1.7 Difference between NPN and
PNP  transistor

Basis for comparison NPN Transistor PNP Transistor

Definition Transistor in which two

n- type layer are

separated by  ne P-type

layer

Two blocks of p-

types  

semiconductors

are  separated by

one thin  block of

n-type  

semiconductor

Symbol

Full form Negative Positive and

Negative

Positive Negative and

Positive

Direction of current Collector to Emitter Emitter to Collector

Turn-on When electrons enters

into  the base

When holes enter into

the  base

Inside current Develop because of

varying  position of

electrons

Originate because of  

varying position of

holes

Outside current Current develop

because of  the flow of

holes

Current develop

because  of the flow

of electrons

Majority charge carrier Electron Hole

Switching Time Faster Slower

Minority charge carrier Hole Electron

Positive voltage Collector terminal Emitter terminal

Forward biased Emitter Based Junction Emitter Base Junction

Reverse Biased Collector Base Junction Collector Base Junction

Small current Flows from emitter-to-

base

Base to emitter

Ground signal Low High

NPN and PNPhas their own characteristics that difference fromeach other as indicated in

Table 3.2.

Table 3.2 Difference betweenNPN and PNPtransistor
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Amplification is the process of increasing the amplitude of an electrical signal. Thecircuits used 

to provide the amplificat0io2nare referred to as amplifiersas shown in Figure 3.8.

Figure 3.8 Basic transistor amplifier circuit

Characteristicsand operationsof BJT3.2

BJTasanamplifier3.2.1

Figure 3.9 Basic transistor amplifier circuit

• If the base-emitter junction isnot forward-biased, the BJTisin the cutoff (switched off) and 

there is an open circuit between collector and emitter, asshown in Figure 3.9 (a).

• If the base-emitter junction and base-collector junction are forward-biased, the BJTis in the 

saturation (switched on).There isa short circuit between collector and emitter, asshownin 

Figure 3.9 (b).

BJTasa switching devices3.2.2

BJTis commonly used in electronic circuits as an amplifier or switching devices.
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Operation mode Biasing polarity B-E junction Biasing polarity B-C junction

Active Forward Reverse

Saturation Forward Forward

Cut-off Reverse Reverse

Table 3.3 Operation mode of BJT

Basic transistor configurations3.3

BJTcan be connected in three ways assuchasin Figure 3.10 while the characteristics isasin 

Table3.4 .

Figure 3.10 Basic transistor configurations

Table 3.4 Characteristics of the transistor configurations

Characteristic Common Base Common Emitter Common Collector

Input impedance Low Medium High

Output impedance Very high High Low

Phase shift 0˚ 180˚ 0˚

Voltage gain High Medium Low

Current gain Low Medium High

Power gain Low Very high Medium
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BJAnalysis :Transistor currents3.4

According to Kirchhoff’s current law, the current leaving a component mustequal the current 

entering the component. By formula,

IE  IC  IB

Since IB is normally much less than IC, IC and IEare approximately equal, expressedas follows:

I C  I E

The value of IC is normally some multiple of the value of IB. The factor by which current
increases frombase to collector is referred to asdc currentgain (βDC) of a transistor.

I E  I B ( β D C  1 )

IC  βDCIB

h F E  β D C

If we combine thisEq.3-3 with Eq.3-1, we get

βDC is usually designated asan equivalent hybrid parameter,hFE.

Theratio of the dc collector current (IC) to the dc emitter current (IE) is a dc alpha (αDC)

E

D C
I

α 
I C

I B  I E ( 1 α)

D C

β D C

D C
β  1

α 

Using the relationships of Eq.3-1and 3-6, we can calculate base current as

The relationship between alpha and beta:

3-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8
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DC operationsof BJT3.5

DC Beta (𝛽𝐃𝐂)and DC Alpha (𝑎𝐃𝐂)3.5.1

• Theratio of the dc collector current (Ic) to the dc base current (IB) is the dc beta (βDC) =dc

current gain of transistor.

• Rangevalue : 20<βDC<200. It isusually designed asan equivalent hybrid (h)Parameter. 

Theratio of the dc collector current (Ic) to the dc emitter current (IE)is the dc alpha lessused .

h FE  β D CC

I B

I
β D C 

E

D C
I

α 
I C

BJTcharacteristicsand parameters3.5.2

• Thecurrent and voltage in Figure 3.11 can be identified as follow :

a) Current:

• dc base current, IB

• dc base current, IB

• dc base current, IC

b) Voltage

• dc voltage at base with respect to emitter, VBE

• dc voltage at base with respect to base, V𝐶B

• dc voltage at base with respect to emitter, VCE

reverse-biased the  

base-collector junction
forward-biased the  

base-emitter junction

Figure 3.11 Transistorcurrent and voltage

• Initially, BJTwill operate when DC supply is given. Theoperation of BJTis influence by its 

operating current, voltage and several characteristics.
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Current and voltage analysis3.5.3

Whenthe BEjunction is forward-biased, VBE  0.7V

Since the emitter is at ground (0V),by Kirchhoff’s voltage law, the voltage acrossRB is:

Also, by Ohm’slaw :

Fromequation(3-9) and (3-10):

VBB VBE  IBRB

Therefore, the dc base current is :

Thevoltage at the collector with respect to the grounded emitter is :

Since the drop acrossRC is VRC  ICRC ,

Thedc voltage at the collector with respect to the emitter is:

B
VR  VBB  VBE 3-9

B
VR  IBRB 3-10

B

B
R

I 
VBB  VBE

3-11

C
VCE VCC VR 3-12

VCE VCC  ICRC

Where, IC  βDCIB

Thedc voltage at the collector with respect to the base is:

VCB VCE VBE

3-13

3-14
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i)Biasing technique -RE

β

VCC
I =

RB + (β+ 1)RE

IC = β. Iβ

VCE = VCC − IC RC + RE

VC = VCC − ICRC

VE = VC − VCE @IERE

Figure 3.12

ii) Voltage divider calculation

RTH = R1// R2

TH
R R1R2

=
R1+R2

𝑇𝐻𝑉 =
𝑅2

𝑅1 +𝑅2
× 𝑉𝐶𝐶

𝐼𝐸 =  𝛽 + 1 𝐼𝐵

𝐵

𝑉𝑇𝐻− 𝑉𝐵𝐸
𝐼 =

E(RTH + (β+1)R )

VCE = VCC - IC (RC + RE) 

VB = VTH

VE = VB - VBEFigure 3.13
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Example 3.1

Determine IB, IC, IE,VCEand VCB in the circuit in Figure 3.14. Thetransistor has a
βDC=150

Solution:

WhenBEjunction is FB,act asnormaldiode.So,VBE=0.7V  

The base current,

Collector current,

I CβD C I B150 ( 4 30μ506 4 . 5 m A

Emitter current,

IEICIB64.5mA430μ3 64.9mA

Solve for VCE and VCB,

VCEVCCICRC10V(64.5mA)(100Ω03.55V

VCBVCEVBE3.550.72.85V

Figure 3.14

RB 10kΩ
IB

VBBVBE 
50.7

430μ3
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Transistor operating region3.5.4

Transistorhas three operating region which are saturation region, active region and cut-off

region as illustrated in Figure 3.15.

Figure 3.15 Transistor operating region

Cut-off3.5.5

Cutoff is a non-conducting state of a transistor. This occurs when the base lead opens, and the

base current is zero. There is only a very small amount of collector leakage current , ICEO,(as

shown in Figure 3.16) caused by thermally produced carriers. However, it will usually be

neglected so that VCE = VCC. In the cutoff, neither the base-emitter nor the base-collector

junctions are forward-biased.

Figure 3.16 Transistor circuit
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Saturation3.5.6

• Saturation is the state of a BJTin which the collector current has reached a maximumand is

independent of the base current.

• Note that saturation value of IC can be determined by application of Ohm’s law. WhenVCE 

reachesits saturationvalue (VCE(sat)=0, we obtain,

VCC  

RCI
Csat


3-15

Figure 3.17 Transistor circuit

a)NPN transistor in cut-offmode(Figure3.18).

• The input and Base are grounded (0V)

• Base-Emitter voltage, VBE <0.7V

• Based-Emitter junction is reversebiased

• Based-Collector junction is reverse biased

• Transistor is “fully-OFF” (Cut-off region)

• No Collector current flows (IC=0)

• VOUT=VCE=VCC=“1”

• Transistor operates asan “open switch” Figure 3.18 Cut-off mode

b)NPN transistor in saturation mode(Figure3.19).

• The input and Base are connected to VCC

• Base-Emitter voltage, VBE >0.7V

• Based-Emitter junction is forward biased

• Based-Collector junction is forward biased

• Transistor is “fully-ON” (saturation region)

• Max Collector current flows (ideal  

saturation)

• VOUT=VCE=“0”

• Transistor operates asan “closed switch”

Figure 3.19 Saturation mode
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DC load line3.5..8

• DC load line graphically illustrates IC(sat)and cutoff for a transistor as in Figure 3.20.

• Thebottomof the load line is at ideal cutoff where IC =0 and VCE =VCC..

• Thetop of the load line is at saturation where IC =IC(sat) and VCE =VCE(sat)..

• Along the load line is the active region of the transistor’soperation..

Figure 3.20 DC load line

Q-Point (Static OperationPoint)3.5..8

• Q point or the operating point of a device, also known as a bias point, or quiescent point

is the steady-state DC voltage or current at a specified terminal of an active device such as

a diode or transistor with no input signal applied.

3.5..9 DC biasing and AC signal

• When an ac signal is applied to the base of the transistor, IC and VCEwill both vary around 

their Q-point values.

• When the Q-point is centered, IC and VCEcan both make the maximumpossible transitions 

above and below their initial dc values.

• Whenthe Q-point is above the center on the load line, the input signalmaycause the 

transistor to saturate. Whenthis happens, a part of the output signal will be clipped off.

• WhentheQ-point isbelow midpoint onthe load line, the input signal may cause the 

transistor to cutoff. Thiscan also cause a portion of the output signal to be clipped.
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(a)Transistor is driven into saturation because 

the Q-point istoo close to saturation for 

the given input signal.

(b) Transistor is driven into cut-off because the

Q-point is too close to cut-off for the given

input signal.

(c)Transistor is driven into both saturation and 

cut-off because the input signal is too 

large.

Figure 3.21Transistoroperating region

50



3.5.10 DC and AC equivalent circuits

Transistorcan be represented as an equivalent circuit as shown in Figure 3.22.

Figure 3.22 Transistorequivalent circuit

3.5..11 Q-Point (Static OperationPoint)

• Q point or the operating point of a device, also known as a bias point, or quiescent point

is the steady-state DC voltage or current at a specified terminal of an active device such as

a diode or transistor with no input signal applied.

3.5..12 DC biasing and AC signal

• When an ac signal is applied to the base of the transistor, IC and VCEwill both vary around 

their Q-point values.

• When the Q-point is centered, IC and VCEcan both make the maximumpossible transitions 

above and below their initial dc values.

• Whenthe Q-point is above the center on the load line, the input signalmaycause the 

transistor to saturate. Whenthis happens, a part of the output signal will be clipped off.

• WhentheQ-point isbelow midpoint onthe load line, the input signal may cause the 

transistor to cutoff. Thiscan also cause a portion of the output signal to be clipped.

(a) Bias current (b)DC equivalent circuit (c)AC equivalent circuit
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VCE(off) = VCEQ + ICQrC

VCE

3.5.13 AC load line

• Theac load line is used to tell you the maximumpossible output voltage swing for a given 

common-emitteramplifier.

• Inother words, the ac load line will tell you the maximumpossible peak-to-peak output 

voltage(Vpp ) froma given amplifier.

• ThismaximumVpp is referred to as the compliance of the amplifier (AC SaturationCurrent

Ic(sat) , AC Cutoff Voltage VCE(off) ).

• The ac load line of a givenamplifier will not follow the plot of the dc load line.

• This is due to the dc load of an amplifier is different fromthe ac load.

• Ac load line, saturationcurrent and cut-off voltage are shown in Figure 3.23 and Figure 

3.24.

IC(sat) = VCC/(RC+RE)

DC Load Line

IC 

(mA)
VCE(off) = VCC

VCE

IC(sat) = ICQ + (VCEQ/rC)

ac load line
IC

IC

VCE

Figure 3.23 AC load line

Q - point

ac load line

dc load line
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R1//R2

rCv
ce

rC = RC//RL

v
in I

C

VCE

IC(sat)= ICQ + (VCEQ/rC)

VCE(off)= VCEQ + ICQrC

ac load line

Figure 3.24 AC saturation current and AC cut-off voltage

3.5.14 Amplifier compliance

• The ac load line is used to tell the maximum possible output voltage swing for a given

common-emitter amplifier. In another words, the ac load line will tell the maximum possible

peak-to-peak output voltage (VPP) from a given amplifier. This maximum VPP is referred to

as the compliance of the amplifier.

• The compliance of an amplifier is found by determine the maximum possible of ICand VCE

fromtheir respectivevalues of ICQ and VCEQ.

3.5.15 Maximum undistorted output signal

amplitude

• Themaximumpossible transition for VCE is equal to the difference between VCE(off)and

VCEQ.

• Since this transition is equal to ICQrC, the maximumpeak output voltage from the amplifier

is equal to ICQrC.

• Two timesthis value will give the maximumpeak-to-peak transition of the output voltage:

VPP=the output compliance, in peak-to-peak voltage

ICQ =the quiescent value of IC

rC =the ac load resistance in the circuit

VPP = 2ICQrC 3-15
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• When IC =IC(sat), VCE is ideally equal to 0V. When IC =ICQ, VCE is at VCEQ.

• Note that when ICmakesits maximumpossible transition (fromICQ to IC(sat)), the output 

voltage changes by an amount equal to VCEQ.

• Thus, the maximumpeak-to-peak transition would be equal to twice this value:

VPP = 2VCEQ 3-16

• Equation 3-15 sets the limit in terms of VCE(off). If the value obtained by this equation is

exceed, the output voltage will try to exceed VCE(off), which is not possible. This is called

cutoff clipping, because the output voltage is clipped off at the value ofVCE(off).

• Equation 3-16 sets of the limit in terms of IC(sat). If the value obtained by this equation is

exceed, the output will experience saturation clipping.

Figure 3.25 Maximumpossible compliance
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3.5.16 Cut-off and saturationclipping

Figure 3.26 Centered Q-Point for an ideal amplification

Figure 3.27 Cutoff and saturation clipping
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Frequencyresponse3.6

• Most amplifiershave a limited frequency range in which they can function.

• Thebehavior of amplifiersalso rely on the input signal frequency which is known as 

frequency response.

• Thefrequency responseis affected by the selection of componentsduring designing stage 

of amplifier.

• A frequency responseof an amplifier can be represented as frequency responseasshown 

in Figure 3.28.

Figure 3.28 Frequency responsecurve
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Thedecibel isa commonunit of measurementof voltage gain and frequency response.It isa 

logarithmic measurementof the ratio of one power to another or onevoltage to another. The 

formulas below are used for calculation of decibels for power gain and voltage gain.

3-16

Ap(db)=10 logAp

Av(db) =20 logAv

Example 3.2

Expresseach of the following ratiosin dB:

(a) (b) (c) Av =10

(d)  Ap =0.5 (e)

Solution:

(a)Ap(dB) =10 log(250) =24 dB  

(b)Ap(dB) =10 log(100) =20 dB

(c)Av(dB) =20 log(10)=20 dB

(d)Ap(dB) =10 log(0.5)=- 3 dB

(e) Av(dB) =20 log(0.707)=- 3 dB

Pin

Pout 250  100

Pout  

Pin

Vout  0.707
Vin
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Frequencyresponsecharacteristicsof  

anamplifier

3.7

• Characteristics of an amplifier can be identified by referring to the respective frequency 

responsecurve.

1. Thecritical frequency

• The critical frequency also known as the cutoff frequency is the frequency at which the  

output power drops by 3 dB, which representsone-half of its midrangevalue.

• An output voltage drop of 3 dB representsabout a 70.7%drop from the midrange value. 

Power is often measured in units of dBm.

• This is decibels with reference to 1mW of power. Thismeansthat 0 dBm=1mW.

Example 3.3

A certain amplifier has a midrange rms output voltage of 10 V.What is the rms

output voltage for each of the following dB gain reductions with a constant rms

input voltage?

(a)–3 dB (b)–6 dB (c)–12 dB (d)–24 dB

Solution:

Multiply the midrange output voltage by the voltage gain corresponding 

to the specified dB value in Table.

(a) At –3 dB, Vout =0.707(10 V)=7.07 V

(b) At –6 dB, Vout =0.5(10 V)=5 V

(c) At –12 dB, Vout =0.25(10 V)=2.5 V

(d) At –24 dB, Vout =0.0625(10 V)=0.625 V
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stated asdB/octave, which isa frequency 

doubling or halving.

2. Lowfrequency amplifier response

• The roll-off is the decrease in voltage gain

with frequency. A decade is defined as a

tenfold increase in frequency.

• The dB/decade is the attenuation measured

in decibels at eachdecade.

• The relationship can be seen in Figure 3.29

of dB Av vs frequency.Roll-off is sometimes

Figure 3.29 dB voltage gain versus frequency 

for the input RC circuit.

3. Highfrequencyamplifier response

• Figure 3.30 showsa high-frequency ac equivalent circuit for the BJTamplifier.

• Thecoupling and bypasscapacitors are viewed as effective shorts in the equivalent 

circuit and do not show.

• Theinternal capacitances,Cbe and Cbc, are shownin the diagram, but they are only 

significant at high frequencies..

Figure 3.30 Capacitively coupled amplifier and its high-frequency equivalent circuit.
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4. Total amplifier frequencyresponse

• A generalized ideal responsecurve (Bode plot) for the BJTamplifier described in Figure

3.31 (a)is shown in Figure 3.31 (b).

• Thethree low-frequency RCcircuits established by the coupling and bypass capacitors 

produce the three break points at the lower critical frequencies (fc1, fc2, and fc3).The 

two high-frequencyRCcircuits established by the transistor's internal capacitances 

produce the break points at the upper critical frequencies, fc4 and fc5.

Figure 3.31BJTamplifier circuit and responsecurve

An amplifier normally operateswith signal frequencies between fcl and fcu. Therange (band) 

of frequencies lying between fcl and fcu isdefined asthe bandwidth of the amplifier, as 

illustrated in Figure.Theamplifier’s bandwidth is expressedin units of hertz as:

3.7.5 Total amplifier frequency response-
Bandwidth

3-17BW =fcu –fcl
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Classificationof amplifier3.8

Amplifier types3.8.1

Amplifier can be classified to several classbased with their own operating characteristics and 

frequency response.

ClassA

•The amplifier conducts through the full 360°of the input.

•The Q-point is set near the middle of the load line.

ClassB

•The amplifier conducts through 180°of the input.

•The Q-point is set at the cutoff point.

ClassAB

•This is a compromisebetween the class A and Bamplifiers.

•Theamplifier conducts somewhere between 180°and 360°.

•The Q-point is located between the mid-point and cutoff.

ClassC

•The amplifier conducts lessthan 180 of the input.

•The Q-point is located below the cutoff level.
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ClassA amplifier3.8.2

• The amplifier conducts through the full 360°of the  

input. The Q-point is set near the middle of the load  

line.

• The classA amplifier as in Figure 3.32 has the

characteristicsof good FIDELITYand low EFFICIENCY.

• Fidelity meansthat the output signal is just like the  

input signal in all respectsexcept amplitude. It has the  

sameshape and frequency.

• SinceclassA amplifiers operate (have current flow) for 

360º of input signal, they are low in efficiency.

• Application: e.g Small-signal stagesor for low-power 

applications(such asdriving headphones).

Figure 3.32 ClassA amplifier

ClassBamplifier3.8.3

TheClass Bamplifier isbiased at cutoff, in other words 

there isnobias. Theamplifier relies on the input signal to 

bias the transistor. The first 0.7 volts of the signal in is lost 

A classBamplifier operates for 50%of the input signal. 

Amplifier is very efficient but provides ‘crossover 

distortion’.Class Bamplifiersare twice asefficient asclass 

A amplifiers.Application: e.g.,RFPower Amplifier where 

the distortion levels are lessimportant.

Figure 3.33 ClassBamplifier
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ClassABamplifier3.8.4

• Current flows in the device for 51%- 99%of the input

signal. Class AB amplifiers have better efficiency and

poorer fidelity thanclassA amplifiers.

• Notice that the output signal in Figure 3.34 is distorted. 

Any further increase in input signal will not cause an 

increase in output signal voltage.

Figure 3.34 ClassAB amplifier

ClassC amplifier3.8.5

• The Class C amplifier has a negative voltage at the

base, and zero volts at the emitter. The Base-Emitter

junction is reversebiased.

• Notice that only a small portion of the input signal is  

present in the output signal. It also has the worst 

fidelity.

• Thetransistor will turn on at a signal voltage of 4.7V. 

Thetransistor will only conduct a small pulse through to 

the collector output.Amplifier is very efficient but has

very little usefulness.

• Application: e.g.,RFTransmitters,where the distortion 

can be vastly reduced by using tuned loads on the

amplifier stage.
Figure 3.35 ClassBamplifier
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ClassC application3.8.6

• Collector resonant circuit responds to an impulse by ‘ringing’ at its resonant 

frequency.Thisis like pushing someone ona swing.

• A sharp short push each trip allows the swing to oscillate back and forthat its

resonant frequency.

• Collector impulsesoccur by design at the resonant frequency of the tank circuit. 

Resonant circuit continues to ring and restoresthe sine wave at the output.

• Class C Amplifier isusedin radio/RF applications and isalso called a ‘tuned’ 

amplifier.

Figure 3.36 ClassC amplifier

Table 3.6 Summary of amplifier class

Class A AB B C

Conducti

on  

Angle

360o 180 to 360o 180o Less than 90o

Position

of  the Q-

point

Centre Point

of  the Load

Line

Forward 

(Near

Cutoff)

Zero (at Cutoff)
Reverse 

(Beyond

Cutoff)

Overall 

Efficien

cy

Poor, 25 to

30%

Better than

A  but less

than B  50

to 70%

Better, 70 to

80%

Higher than

80%

Signal 

Distortio

n

Low Moderate High Extreme

Applications

Practically all  

small signal  

amplifiers. A

few  moderate

power  

amplifiers in  

audio 

applications.

High power  

stages in both  

audio and

radio  

frequency 

applications.

High power  

stages-

generally  no

used in audio  

applications

due  to

distortion.

Generally

limited  to

radio  frequency 

applications.

Tuned circuits  

remove much

of  the

extreme  

distortion.
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02

Feedback3.9

Amplifier types3.9.1

Feedback is a technique where a proportion of the output of a system(amplifier) is fed back 

and recombined with input as in Figure 3.37. the various signal “x” can be either current or 

voltage.

Figure 3.37 Feedback block diagram

• It is used mostcommonly in an amplifier. Partof the output from the amplifier is fed back 

to the input and this concept iscalled feedback.

• Whenthe input signal of amplifier and part of the output are In-phase with each other, it 

is called asPositive feedback.

• Whenthe input signal of amplifier and part of the output are Out-phase with each other, 

it is called asNegative feedback.

• Theconcept of positive feedback results in oscillations, so they are used to generate

oscillations of particular frequency as required.Such circuits are called asOscillators.

Feedback Amplifier

Positive Feedback  
(Regenerative)

Negative Feedback  
(Degenerative)

• Positive feedback occurswhen the  

feedbacksignal is in phase with the  

input signal.

• Application –used in Oscillator circuits

• Negative feedbackoccurswhen  

the feedback signal isout of phase  

with the input signal.

• Application - used in Amplifier  

Circuits.
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Positive and negative
feedback

3.9.2

Negative feedback is when the output is subtracted from the input. In this case, the

feedback signal is out of phase with the input signal. This means that the feedback

signal will subtract from or "degenerate" the input signal. This results in a lower

amplitude output signal than would occur without the feedback.

Figure 3.38 Negative feedback

Positive feedback is the process when the output is added to the input, amplified again,

and this process continues. Notice that the feedback signal is in phase with the input

signal. This means that the feedback signal will add to or "regenerate" the input signal.

Theresult is a larger amplitude output signal than would occur without the feedback.

Figure 3.39 Positive feedback
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0
2

3.9.3 Difference between positive

and  negative feedback

Parameter Positive Feedback Negative Feedback

Overall Phase Shift 0 or 3600 1800

Input &Output Voltage,

noise

Increases due to

Feedback

Decreases due to

Feedback

Feedback Signal &

Input  Signal

In phase Out of phase

Stability Becomes poor Becomes better

Applications Oscillators Amplifiers

Asindicated,each type of feedback hastheir own parameterand characteristicas 

tabulated in Table 3.7.

Table 3.7 Difference between positive and negative feedback

3.9.4 Advantage and

disadvantage of  negative

feedback

Advantages Disadvantages

Desensitize the gain

make the value of the gain less

sensitive  to variations in the values

of circuit  components, such as

might be caused by  changes in

temperature.

 Circuit Gain

- The overall amplifier gain,

with  negative feedback, is

reduced  compared to the basic

amplifier used in  the circuit.

Bandwidth extension,

The bandwidth of a circuit that  

incorporates negative feedback is

large  than that of the basic

amplifier.

 Stability

- There is a possibility that the  

feedback circuit may become

unstable  (oscillate ) at high

frequencies

Noise sensitivity,

Negative feedback may reduce

the  noise level in amplifier and

increase the single-to-noise ratio (SNR)

Asindicated,each type of feedback hastheir own parameterand characteristicas 

tabulated in Table 3.7.

Table 3.8 Negative feedback advantages and disadvantages
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Advantages Disadvantages

Reduction of non-linear

distortion.  since transistors

have nonlinear

characteristics, distortion may

appear in  the output signals,

especially at large  signal levels.

Negative feedback  reduces this

distortion.

Control of impedance levels.

Theinput and output impedances can be 

increased and decreased with

proper  type of negative feedback

circuits.

Table 3.8 Negative feedback advantagesand disadvantages (cont.)
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1. Describe physical structureand symbolsfor BJT.

2. Describe basic transistor operation mode.

3. Compare their input signal different A, B, AB and C classesAmplifiers.

4. Expressthe following voltage gains in dB:

i. 12

ii. 50

iii. 100

iv. 2500

5. Express the following voltage gains in dB as standard voltage gains:

i. 3 dB

ii. 6 dB

iii. 10 dB

iv. 20 dB

v. 40 dB

6. Compare THREE(3)advantagesand disadvantagesof negative feedback

7. Explain THREE(3) characteristic negative and positive feedback

8. According to Figure 3.40 below :

Figure 3.40

i. Calculate the bandwidth for a frequency responsewithout Feedback and with Feedback.

ii. If anelectronic systemproduces a 24mVoutput voltage when a 12mVsignal isapplied, 

calculate the decibel value of the systemoutput voltage.

TUTORIAL UNIT 3
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9. Figure 3.41 showstransistor with βDC =120.

Figure 3.41

Determine:

i. Basecurrent,

ii. Collector current,

iii. Emitter current,

iv. Base-to-emittervoltage,

v. Collector-to-emittervoltage,

vi. Collector-to-basevoltage,

vii.Draw the DC load line

10. Refer to Figure 3.42. Given the value of β =60 and VBE=0.7V.

Figure 3.42

Determine:

i. IB, ICQ, VCQ, saturationpoint, cut-off point, and

ii. Draw the DC load line

TUTORIAL UNIT 3
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Figure 3.43

11. For both circuits in Figure 3.43 (a)and (b),determine:

i. VCE,

ii. VBE,

iii. VCB, and

iv. whether or not the transistors are saturated?

12. With reference to Figure 3.44, calculate the value of:

Figure 3.44

i. IB ,

ii. IC ,

iii. VRC ,

iv. VC ,

v. Saturation Point , and

vi. Cut-off point

(a) (b)

Figure 3.44

TUTORIAL UNIT 3
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Figure 3.45

13. Determine the following for the fixed-bias configuration of Figure 3.45.

i. IB and IC ,

ii. VCE ,

iii. VB and VC , and

iv. VBC

TUTORIAL UNIT 3
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