Lendi Institute of Engineering & Technology

An Autonomous Institution
Accredited by NBA & NAAC with ‘A’ Grade
Approved by AICTE and permanently affiliated to JNTUK, Kakinada, Vizianagaram,A.P.

Department of Electrical & Electronics Engineering

“ESSENTIAL OF ELECTRICAL &
ELECTRONICS ENGINEERING(EEEE)”

2020-21

LECTURE NOTES/TITLE : EEEE
BRANCHES: CSIT,CSSE

BRUNDAVANAM SESHA SAI
Assistant Professor



UNIT 1: BASIC LAWS AND THEOREMS

TOPICS
*Ohm’s law

*Kirchhoff's Laws

Series and Parallel circuits
*Types of Elements and Sources
*Mesh analysis

*Nodal analysis

*Superposition theorem
*Thevenin's theorem

Norton's theorem



INTRODUCTION

*Resistance is the property of a material due to which it opposes the flow of
electric current through it.

*The resistance of a conductor depends on the following factors.
(i)It is directly proportional to its length.

(ii) It is inversely proportional to the area of cross section of the conductor.
(iii) It depends on the nature of the material.

(iv) It also depends on the temperature of the conductor. Hence,

Ko —
A

R=p%

where | is length of the conductor, A is the cross-sectional area and p is a
constant known as specific resistance or resistivity of the material

*The practical unit of resistance is ohm and is represented by the symbol Q



INTRODUCTION

eInductance is the property of a coil that opposes any change in the
amount of current flowing through it.

*The practical unit of inductance is henry and is represented by the
symbol H.

*The Voltage across an inductor is given by

e
i

eCapacitance is the property of a capacitor to store an electric charge
when its plates are at different potentials.

*The practical unit of capacitance is farad and is represented by the
symbol F

*The Voltage across a capacitor is given by

1
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Ohm’s laws state that the current through any two points of the conductor is
directly proportional to the potential difference applied across the conductor,
provided physical conditions i.e. temperature, etc. do not change. It is measured
in (Q) ohm.

[t can be written as
[=V/R

In a circuit, when current flows through a resistor, the potential difference
across the resistor is known as voltage drops across it, i.e.,, V=1IR



LIMITATIONS OF OHM’S LAW

There are some limitations to Ohm’s law. They are as follows:

1. Ohm's law is valid for metal conductors, provided the
temperature and other physical conditions remain
constant.

2. Ohm's law is not applicable to gaseous conductors.

3. Ohm's law is also not applicable to sent-conductors

OHM'’S LAW TRIANGLE
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TYPES OF SOURCES

Source is a basic network element which supplies energy to the networks. There are
two classes of sources, namely,

1. Independent sources

2. 2.Dependent sources



TYPES OF SOURCES

1.5.1 Independent Sources

Output characteristics of an independent source are not dependent on any network variable such as a current
or voltage. lts characteristics, however, may be time-varying. There are two types of independent sources:

1. Independent voltage source
2. Independent current source

1. Independent Voltage Source An independent voltage
source is a two-terminal network element that establishes a
specified voltage across its terminals. The value of this voltage
at any instant is independent of the value or direction of the
current that flows through it. The symbols for such voltage
sources are shown in Fig. 1.1.

The terminal voltage may be a constant, or it may be some
spectfied function of time.

2. Independent Current Source An independent current
source is a two-terminal network element which produces a
specified current. The value and ditection of this current at any
instant is independent of the value or direction of the voltage that
appears across the terminals of the source. The symbols for such
current sources are shown in Fig. 1.2,

The output current may be a constant or it may be a function
of time.

1.5.2 Dependent Sources
If the voltage or current of a source depends in turn upon some other

voltage or current, it is called as dependent or controlled source. The

dependent sources are of four kinds, depending on whether the
control variable is voltage or current and the controlled source iz a
voltage source or current soutce.

o wif)

(a) ()
Fig. 1.1 Symbols for independent
valtage source

o
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Fig. 1.2 ZSymbols for independent
current source



TYPES OF SOURCES

1. Vollage-ConfrolledVollage Source (VCVS) A
voltage-controlled voltage source 18 a four-erminal so—x9Q— ——oc
network component thatestablishesavoltage v between
two points ¢ and d in the eircuit that is proportional to 2
voltage v, between two points a and . ho——f——— ——ad

The symbol for such a source is shown in Fig. 1.3.

The (+) and (=) sign inside the diamond of the
component symbol identifies the component as 2 Fig. 13 Symbol far VCVS
voltage source.

Vi LT L

vEEY,
The voltage v, depends upon the control voltage
v ,and the constant 1, a dimensionless constant called | Ly
voltage gain. e :
2. Voltage-Confrolled ~ Cument  Source bt
(VCCS) A voltage-controlled current source is a
four-terminal network component that establishes a 2 M
currenti  ina branch of the circuit that is proportional
to the voltage v . between two points a and b.
The symbol for such a source is shown in Fig, 1.4, Fig. 1.4 Symbol for VCCS




TYPES OF SOURCES

The arrow inside the diamond of the component symbol identifies the component as a current
SOUrce.

II ] =E|'I1 I".ul'l
The current i, depends only on the control voltage v, and the constant g_, called the transconductance
or mutual conductance. The constant g has dimension of ampere per volt or siemens (S).

3. Cumeni-Confrolled Voiltage Source (CCVS) Ey
current-controlled voltage source is a fourterminal 39 o
network componentthatestablishesavoltage v between
two points ¢ and & in the circuit that is proportional to
the current i , in some branch of the circuit. bo od

The symbol for such a source i shown in
Fig. 1.5,

Fys Ve

V= Fig. 1.5 Symbol for CCVS

el i

The voltage v, depends only on the control current
i, and the constant r called the transresistance or
mutueal resistance. The constant » has dimension of
volt per ampere or ohm (£2).

I,

4. Currenf-Confrolled Current Source (CCCS) a¢ = J o
A current-controlled current source is a four-terminal Bl
network component that establishes a current i
in one branch of a circuit that is proportional to the bo =
current [, in some branch of the network.

The symbol for such a source is shown in
Fig. 1.6. Fig. 1.6 Symbol for CCCS
. o = ﬁ I!.ul'-

The current {_, depends anly on the control current i, and the dimensionless constant 3, called the current gain.




NETWORK, CIRCUIT AND TYPES OF ELEMENTS

1. Network and Circull The interconnection a L = L
of two or more circuit elements {viz., voltage
sources, resistors, inductors and capacitors)
is called an electric network. If the network c Vv c
contains at least one closed path, it is called T T T
an electric circuit. Every circuit is a network, o

but all networks are not circuits. Figure 1.7{a) fa) &
shows a network which is not a circuit and Fig. Fig. 1.7 (a) Network which is not a circuit
1. 7{b) shows a network which is a circuit. (b} Netwark which is a circuit

2. lnear and Non-linear Elements If the
resistance, inductance or capacitance offered by an element does not change linearly with the change in
applied voltage or circuit current, the element is termed as finear element. Such an element shows a linear
relation between voltage and current as shown in Fig: 1.8. Ordinary resistors. capacitors and inductors are
examples of linear elements.

Aopon-linear circuit element is one in which the ewrrent does not change linearly with the change
in applied voltage. A semiconductor diode operating in

the eurved region of characteristics as shown in Fig. 1.8 J"

iz common example of mon-linear element.

Cnher examples of npon-linear elements are voltage-
dependent  resistor (VDR) voliage-dependent capacitor

{varactor). temperature-dependent resistor (thermistor)., light- Eﬁ:ﬂ‘
dependent resistor (LIDR). ete. Linear elements obey Ofum™s P ‘ﬁsﬂﬂ
lawe whereas non-linear elements do not obey Olim™s faw. \f‘dé m&ﬁ'
3. Active and Passive Elements An element whichisa ﬁh}‘a
source of electrical signal or which is capable of increasing s
the level of signal energy is termed as aceive elemeni. 5 v

Batteries, BITs, FETs or OP-AMPs are treated as active
elements because these can be used for the amplification
or generation of signals. All other circuit elements, such as
resistors, capacitors, inductors, VDR, LDR, thermistors,
etc., are termed passive ofements. The behaviour of active elements cannot be described by Ohm’s law.

4. Unilateral and Bilateral Elements If the magnitude of current flowing through a cireuit element
is affected when the polarity of the applied voltage is changed, the element is termed wnilareral elemeni.
Consider the example of a semiconductor diede. Current flows through the diode only in one direction.
Hence, it is called an umilateral element. Wext, consider the exampie of a resistor. When the voliage is
applied, current stans to flow. If we change the polarity of the applied voltage, the direction of the current
is changed but its magnitude is not affected. Such an element 15 called a bifareral element.

Fig. 1.8 V- characteristics af linear and
non-linear elements



NETWORK, CIRCUIT AND TYPES OF ELEMENTS

5. Lumpedand Distributed Elements A lumped element is the element which is separated physically,
like resistors, inductors and capacitors. Distnbuted elements are those which are not separable for analysis
purposes. Examples of distributed elements are transmission lines in which the resistance, inductance and
capacitance are distributed along its length.

6. Aclive and Passive Nelworks A network which contains at least one active element such as an
independent voltage or current source Is an active network. A network which does not contain any active
element is a passive network.

7. Time-invariant and Time-variant Nelworks A network is said to be time-invariant or fixed if its
input-output relationship does not change with time. In other words, a network is said to time-invariant,
if for any time shift in input. an identical time-shift occurs for output. In time-variant networks, the
input-cutput relationship changes with time.



Series and Parallel circuits

Series combination

Let ®.f and % be the resistances of three resistors
[ A Az Ay

connected in series across a dc veltage source ¥ as shown in

) g 2 : ——NN AAAY ATATAY

Fig. 1.9. Let F,, ¥; and ¥; be the voltages across resistances

Ry, R; and R respectively. o ¥y it W et Vi ]
In series combination, the same current flows through

each resistor but voltage across each resistor is different. I:
'F"' = ""li + jrz +p’_'|_ ¥
Ref =R+ Ral + Bal Fig. 1.9 Seriescombination of resistors

Rr =R+ 8+ 8

Voltage Division in Series circuit

L I
H+H+ 8
R
(R . S—
B+ 8+ 0
R
Vo= Ral = = i
B+ i+ B
R
=R l= : V



Series and Parallel circuits

Parallel combination

5 . ; r : : R
In parallel combination, the voltage across each resistor is h AN
same but current through each resistor is different. e A
]
1= fi+f+ f_1 T
!
v ¥ _F¥_F —AAA
e e L s
H]' R| Rg Rg Iy
II
] 1 1 1 v
et e S RS
Rr K K R Fig. 1.10 Parollel combination
R R Ry of resistors
R]' — —
B+ /R R+ /R
Current Division in Parallel circuit
e il _ Ak
L R NN 5 ) Note: For two branch circuits, fr = b1k
el Ry R ; PR g
'""ROR  RR+ Rl R V=Ril=R1j=&1
[ er Rt R3 I"' R]I'.Ir .FI..]
fr=—= = { f].—-—=—=—]
i s Ry Ry + By + Rl R] RI R.I + 'HE
T CiL / ¥ Bl R



Series and Parallel circuits

Fig. 1.11 Series connection of
inductors

©

¥

Fig. 1.12 Parallel connection of inductors

=L+l +1a



Series and Parallel circuits

L Ca 5
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Fig. 1.13 Series combination of
Ccopacibors
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Fig. 1.14 Parollel combination
af capacitors



KIRCHHOFF’S LAWS

EX3| «ircHHOFF'S LAWS

The entire study of electric network analysis is based mainly on Kirchhof™s laws. But before discussing this,
it 1s essential 1o familiarise ourselves with the following terms:

Node A node is a junction where two or more network elements are connected together.

Branch  An element or number of elements connecied between two nodes constitute a branch.

Loop A loop is any closed part of the circuit.

Mesh A mesh is the most elementary form of a loop and cannot be further divided into other loops.
All meshes are loops but all loops are not meshes.

1. Kirchhoff's Current Law (KCL) The algebraic sum of currents meeting
at a junction or node in an electric circuit is zero.

Consider five conductors, carrving currents £, £, I, [, and I, meeting at a
point £ as shown in Fig. 2.1. Assuming the incoming currents to be positive
and outgoing currents negative, we have

.f|+1_—.|r1a+ir3 +{—fq_;l+ Is =10
.F'i—fz':l'fg—.qu_"l'fs =1

fl'l'f_'l.'!'fg =f;r +.f.1

Fig. 2.1 Kirchhoff's
Thus, the above law can also be stated as the sum of currents flowing towards current law
any junction in an electric circuit is equal to the sum of the currents flowing away from that junction.



KIRCHHOFF’S LAWS
KIRCHHOFF’S VOLTAGE LAW (KVL)

A Single Circuit Loop

Kirchhoff’s voltage law states that the algebraic sum of the potential differences in any
loop must be equal to zero as: 2V = 0. Since the two resistors, R4 and R are wired

together in a series connection, they are both part of the same loop so the same current

must flow through each resistor.

Thus the voltage drop across resistor, R{ = "R and the voltage drop across resistor,

R> =1"R5 giving by KVL:

Vg + (—IRq) + (=IR3) =10
VS == IR-I = IR2

VS == I(R1 + Rz)



KIRCHHOFF’S LAWS

3. Defermination of Sign A rise in poiential can be assumed to be positive while a fall in potential can
be considered negative. The reverse 15 also possible and both conventions will give the same result

(i) [fwe go from the positive terminal of the battery or source to the negative terminal, there isa fall in
potential and so the emf should be assigned 2 negative sign{Fig. 2.2a). [f we go from the negative

terminal of the battery or source to the positive terminal, there is 2 nise in potential and so the emf
should be given a positive sign{Fig. 2.2b).
| i

| "
—_— —_—

(a} Fallin potential {b) Rise in polential
Fig. 2.2 Sign convention
(1) When current flows through a resistor, there is a voltage drop across it. If we go through the resistor
in the same direction as the current, there is a fall in the potential and so the sign of this voltage

drop is negative (Fig. 2.3a). If we go opposite to the direction of the current flow, there 15 a rise n
potential and hence, this voltage drop should be given a positive sign(Fig. 2.3b).

F' gaies e I |
—— ——— I
— —

{a) Fall in patential (b} Ris in potential



MESH ANALYSYS

MESH ANALYSIS
(“Mesh-Current Method”)

1) Select M independent mesh currents such that at least one mesh current
[passes through each branch

2) Apply KVL to each mesh, expressing voltages in terms of mesh currents

=> M equations for
M unknown mesh currents

3) Solve for mesh currents => determine node voltages




NODAL ANALYSYS

NODAL ANALYSIS
(“Node-Voltage Method")

1) Choose a reference node
2) Define unknown node voltages

3) Apply KCL to each unknown node, expressing current in terms of the
Inode voltages

=> N equations for
N unknown node voltages

4) Solve for node voltages => determine branch currents




SUPERPOSITION THEOREM

Superposition Theorem

e The Superposition theorem states that if
a linear system is driven by more than
one independent power source, the total
response is the sum of the individual
responses. The following example will

show the step of finding branches current
using superpostion theorem



THEVENIN’S THEOREM
Thevenin’s Theorem requires the following steps:

1. Find the Thevenin Resistance by removing all voltage, current sources and load

resistor.

2. Find the Thevenin Voltage by opening load resistance and plugging in the
sources.

3. Use the Thevenin Resistance and Voltage to find the current flowing through the
load.

What is Thevenin’s Theorem

R=42

V [] Rl’.{? 10

www.TheEngineeringProject.com




NORTON’S THEOREM

Thevenin’s Theorem requires the following steps:

1. Find the Norton Resistance by removing all voltage, current sources and load

resistor.
2. Find the Norton’s Current by shorting the load resistance and plugging in the
sources.
3. Use the Norton Resistance and Current to find the current flowing through the
load.
|
Example of Norton's Theorem
00, 00 g, 200 | i . A
R O ;
10V 20V R -
i LW = NS Rg= Ry =.
% i T Is =2A I L Is =2A I ogra | | 08
! : 0B - B
B B
(A) (8) (€) (o)
www.TheEngineeringProjects.Com
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Working Principle of an Induction Motor

The motor which works on the principle of electromagnetic induction is known as the
induction motor. Electromagnetic induction is the phenomenon in which the electromotive
force induces across the electrical conductor when it is placed in a rotating magnetic field.

The stator and rotor are two essential parts of the motor. The stator is the stationary part,
and it carries the overlapping windings while the rotor carries the main or field winding.
The windings of the stator are equally displaced from each other by an angle of 120°.

The induction motor is the single excited motor, i.e., the supply is applied only to the one
part, i.e., stator. The term excitation means the process of inducing the magnetic field on
the parts of the motor.

When the three-phase supply is given to the stator, the rotating magnetic field produced on
it. The figure below shows the rotating magnetic field set up in the stator:

.\0
S Resultant
¥
B &F Field
2} %“"
d)\“\

Stator
Electromagnetic
Torque

——

Rotor

Main Field

Interaction of
rotor

Rotating
and stator

Magnetic
Field

N

Three Phase Induction Motor

Consider that the rotating magnetic field induces in the anticlockwise direction. The
rotating magnetic field has moving polarities. The polarities of the magnetic field vary by
concerning the positive and negative half cycle of the supply. The change in polarities
makes the magnetic field rotates.

The conductors of the rotor are stationary. This stationary conductor cut the rotating
magnetic field of the stator, and because of the electromagnetic induction, the EMF induces



in the rotor. This EMF is known as the rotor induced EMF, and it is because of the
electromagnetic induction phenomenon.

The conductors of the rotor are short-circuited either by the end rings or by the help of the
external resistance. The relative motion between the rotating magnetic field and the rotor
conductor induces the current in the rotor conductors. As the current flows through the
conductor, the flux induces on it. The direction of rotor flux is the same as that of the rotor
current.

Now we have two fluxes one because of the rotor and another because of the stator. These
fluxes interact with each other. On one end of the conductor the fluxes cancel each other,
and on the other end, the density of the flux is very high. Thus, the high-density flux tries to
push the conductor of the rotor towards the low-density flux region. This phenomenon
induces the torque on the conductor, and this torque is known as electromagnetic torque.

The direction of electromagnetic torque and the rotating magnetic field is the same. Thus,
the rotor starts rotating in the same direction as that of the rotating magnetic field.

The speed of the rotor is always less than the rotating magnetic field or synchronous speed.
The rotor tries to run at the speed of the rotor, but it always slips away. Thus, the motor
never runs at the speed of the rotating magnetic field, and this is the reason because of
which the induction motor is also known as the asynchronous motor.

The difference between stator and rotor speeds is called slip and is given by
S]lp, S= (Ns'Nr)/Ns
Why Rotor never runs at Synchronous Speed?

If the speed of the rotor is equal to the synchronous speed, no relative motion occurs
between the rotating magnetic field of the stator and the conductors of the rotor. Thus the
EMF is not induced on the conductor, and zero current develops on it. Without current, the
torque is also not produced.
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“ [ SASIC ELECTRICAL AND ELECTRONICS ENGINEZR

'INTRODUCTION

} it 1R Aovael - r
Electronics is an applied physical science concernec wiin ine deveiopment of eEeC?Sical
circuits using thermionic valves, semiconductors and otner GeviCes In Waica the moy,,
of electrons is controlled.

Certain substances like germanium, silicon eic. are neither good conductors hior

insulators: The resistivity of these materials lies in between conductors and insulator;

Such substances are called as semiconductors. If 2 junction is formed between a samplo -
of p—type semiconductor and sample of n—type semiconductor. then this device is

called pn junction or junction diode. When 2 third doped elementis added to 2 junction

diode, the resulting device is known as 2 transistor. In diodes and transistors both

holes and electrons play part in the concuction process.

In this chapter, we will study the introduction of semiconductors and constructign
and working of diode and transistor.

CLASSIFICATION OF SOLIDS . B

The solids are classified in to
1. Conductor 2. Insulator 3. Semiconducior

Conductor : When the outermost orbit of an atom has less than one half the maximum
of eight electrons i.e., four electrons, the material usually 2 metal or conductor. Thess

materials offer least resistance to the flow of electric current and have resistivity in
order of 10~® to 10~ ohm-m.

Ex : Silver, Copper eic., T

These materials permit detachment of the electrons from the outermost orbit and offer
little hinderance to their flow through atoms.

Insulator : When the outermost orbit of an atom has more than one half of the
maximum of eight electrons i.e., four electrons. The material usually is 2 non-metal
or insulator. These materials offer high resistance to the flow of electric current 2nd
their resistivity lies in order to 102 to 10!® ohm-m:

Ex : Rubber, Paper, Mica etc.,

Semiconductor : When the outermost orbit of an atom has exactly one half ‘of the
maximum of eight electrons i.e., four electrons, the material has both metal and non-
metal properties and is usually a semiconductor. The resistivity of these materials iit_?ﬁ
in between ranges of conductor and insulator and is of the order of 1 to 100 ohm-™

Ex : Germanium, Silicon

These materials will act as insulator at 0° K temperature.

_.—""‘/
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1. Valence Band : The electrong in the

* outermost shell of an atom are ¢a]joq T 1, Sonduction band
Valence electrons. They haye least W/////////////// Emm}lr?lrlep&mia”y
binding energy, though thejr orbital - 1 2 | .

Forbidden energy gap

{

T I e

Completely filled
inner band

‘energy is maximum. The energy band
occupi‘ed by the valence electrons is
called the Valence band. |t is i
highest occupied band. In case of inert
gases the valence band is full, where
as in other materials it is only partiaily
filled but can never by empty.

Band encrgy —eV

1
—
[

1
T

16

FIGURE 4.1 : Valence and Conduction Bands

2. Conduction Band : In certain materials the valence electrons are loosely attached to
the nucleus. Even at ordinary temperature, some of the valence .electrons may get
detached to become free electrons. These free electrons are responsiblé for conduction
of current. For this reason these electrons are called conduction electrons. The band
possesed by conduction electrons is known as conduction band. It may either be empty
or partially filled. It may be defined as the lowest unfilled energy band in an atom.

3. Forbidden Energy Gap : The separation between conduction band and valence
bana; in the energy level diagram is known as energy gap. No electrons of a solid
can stay in the forbidden energy gap as there is no allowed energy state in this région.:
The width of this gap is a measure of the bondage of valance electrons to the atom.
The greater the energy gap more tightly the valence electrons are bound to the nucleus.
In order to push an electron from valence band to conduction band external energy

equal to the forbidden energy gap must be supplied.

Hole and its Movement :

' Ata 0°K temperature the semiconductor crystal behaves as a insulator. However, at
room temperature some of the covalent bonds will be broken because of thermal
energy supplied to the crystal and conduction is made possible. This is shown in
Fig. 42 If an electron in the valence band gets sufficient energy, it can jump across

the forbidden energy gap and enter the conduction band.

As shown in Fig. 4.2 (a) suppose covalent bond breaks due to the departure of an

electron, a vacancy is left in the valence band which is called a positive hole.
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(a) Reprosentation of Holo (b) Energy Band Diagram Representing a Hole Movement

FIGURE 4.2 :
Suppose the valence electron at A has become free electron due to therral energy,
this creates a hole. The hole Is a strong attraction for an electron. A valence electron
from nearby covalent bond becomes o fill in the hole at A. This results in a creation of
hole at B, In this Cuay by succession of electron movement a hole would appear at G
and negative charge would have move from G to A. But it is more convenient to consider
a positive hole has moved from A to G.

It should be noted that holes are filled by electrons which move from adjacent atoms -without
passing through the forbidden energy gap. It means that holes movement takes place in
valence band only, Movement of hole is less compared to movement of conduction electrons.

4.2.1 Types of Semiconductors

Semiconductors are mainly classified into two types.
1. Intrinsic Semiconductor

2. Extrinsic Semiconductor

4.2.2  Intrinsic Semiconductors

A semiconductor which is in pure form is known
as an Intrinsic semiconductor. & W
B ...l'..l..-/
= =
Ex : ' Pure Germanium, Pure Silicon. 2
: , o T Ymi—r"
Intrinsic semiconductor even at room temperature & OO S
() L eh () 0
a hole electron pairs are created. When an electric LS
field is applied across an Intrinsic semiconductor Valance band

the current conduction takes place by electrons FIGURE 4.3 : Intrinsic semicondulclor

R
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and holes. Hence semiconductor e L

in opposite di i conductance consists of movement of electrons and
n
holes in opp Irections in the conduction and valence bands respectively.

.A“emativer an intrinsic semiconductor may be defined as one in which the number
of conduction electrons is equal o the number of holes.

4.2.3 Extrinsic Semiconductors
PRt

_—

The Intrinsic semiconductor has little current conduction capability at room temperature
For getting good conducting Properties, some suitable impurity or doping agent is added.
A semi conductor which is in impure form are called extrinsic or impure
semiconductors. The process of adding impurity to a semiconductor is called a doping.

The purpose of adding impurity is to increase either the number of free electrons or holes
in semiconductor crystal. Depending upon the t

ype of impurity added, extrinsic
semiconductors are classified in to. '

(a) n-type semiconductor (b) p-type semiconductor.

43 N-TYPE SEMICONDUCTOR AND P-TYPE SEMICONDUCTOR
'4.3.1 N-Type Semiconductor

When a small amount of a pentavalent impurity is added to a pure semiconductor, it is
known as an n-type semiconductor, Examples of pentavalent impurities are 5t group
elements i.e., Arsenic, Antimonic etc., As shown in Fig. 4.4 each antimony atom forms
covalent bonds with the surrounding four silicon atoms with the help four of its five
electrons. The fifth electron is superflouous and is loosely bound to the antimony atom.
Hence it is easily excited from the valence band to the conduction band by the application
of electric field or increase in its thermal energy. Hence, every Antimony atom introduced
in to the, silicon lattice contributes one conduction electron without creating a positive
hole. This type of semiconductor is called n-type semiconductor. Antimony is called
donor impurity because they donate free electrons to the semiconductor crystal. After

donation of the one electron, the antimony becomes positive donor ion.

Conduction band

? Bl st oo level

S Ep

= Valence band ] Iibnor

@ /WW evel
(a) (b)

FIGURE 4.4 : n-type Semiconductor
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4.3.2

In addition to the free electrons, some electron hole pairs are generated with the
application of electric field. In n-type semiconductor the number of electrons 4y,
more than holes. The electrons constitutes majority carriers while hole constitutes
minority carriers. The n-types semiconductor is electrically neutfal-,

P-Type Semiconductor : ' —_—

When a small amount of trivalent impurity is added to a pure semiconductor, it js
known as a p-type semiconductor. Examples of trivalent impurities are 3" groyp
elements i.e., Boron, Gallium etc. As shown in Fig. 4.5 in case of the three valence
electrons of boron atom form covalent bonds with four surrounding silicon atoms byt

- one bond is left incomplete and gives rise a hole.

Conduction band

}

Band energy ——

m
=]

Valence band

(a) (b)
FIGURE 4.5 : P - type Semiconductor

Thus boron-which is called an acceptor impurity causes as many positive holes in a
si‘]icon crystal as there are boron atoms. This type of semiconductor is called p-
type semiconductor. Boron is called acceptor impurity. (After acceplance of an

-electron it become negative acceptor ion).

In addition to holes some electron hole pairs are generated with the application of
electric field. In this type of semiconductor conduction is by means of holes in the
valence band. Accordingly holes form the majority carriers where as electrons
constitutes minority carriers. The p—type semiconductor is electrically neutral.

Difference Between Intrinsic and Extrinsic Semiconductor

4.3.3

S.No.

—

Intrinsic Semiconductor Extrinsic -Sem'icond_t-.tuctor

1

It is pure form Impure semiconductor

Li

Number of electrons are equal to number of holes| Number of electrons are not equal to number of holes

Poor conductivity _ High conductivity

2
3.
4

Fermi level lies exactly in between valence | Fermi level lies either towards conductlon Land or
and conduction band towards valence band : i
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— Difference Between N -Type & P-Type Semiconds e

Gl b conductors
Tl H”W " n-type. Semiconductor_“ :

PO R e [ \ e
ﬁf_‘___ ———'-—-————..._____ 2L e P-type Semiconductor - . i
Pentavalent impurity is added to pure semicond .
ﬂ‘_}_;___-———— uctor Jﬁ‘m___mﬁty Is added to pure semiconductor i
9. | One electron super fluous | O elastian . . i
s T m—e————a e s short
doping agent is . g
3. ,_T_hf op'ng Ag ca_uedﬁir.]_o_r_____________ The doping agent is called acceptor ‘
I

: b l : '
Large number of electrons are prw Large number of holes are produced by doping

trons form majority carri
Elec jority carriers, holes form Holes form majority carriers electrons form minority

|
: ority carriers . i
minority : carriers ‘

Current conduction is predominantly by electrons

Current conduction is predominantly by holes

Fermi level shifts towards conduction band Fermi level shifts towards valence band

Linann

r PN JUNCTION DIODE

It is possnble to manufacture a single piece of a semiconductor materlal one half of
which is doped by p- type impurity and other half by n-type impurity. The plane dividing
‘the two halves is called pn.junction. When a pn junction is packed as a semiconductor
device, it is called a pn junction diode.

Now, suppose the two pieces are jcﬁned to form pn junction, at the junction, there is a -
_tendency for the free electrons to diffuse over the p-side and holes the n-side. This process
.is called diffusion. As the free electrons move acroés the junction from n-type to p-type
positive donor ions are uncovered. Hence, as positive charge is built on the n-side Sf the
junction. At the same time, the free electrons move across the junction and uncover the
negative acceptor ions by filling in the holes. Therefore, a negative charge is established
on p-side. of the junction. When a sufficient number of donor and acceptor ions is
uncovered, further diffusion is prevented. Thus a barrier is setup against further movement
. of charge carriers i.e., holes and electrons. This is called potential barrier. The potential
barrier is of the order of 0.3 V for germanium and 0.7 V for silicon. The potential
; distribution diagram is shown in Fig. 4.6. The electric field setup by a potential barrier,

prevents the respective majority carriers from crossing the barriers region. .

The outside of the barrier. on each side of the junction is still neutral. Only inside the
barrier, there is positive charge on n-side and negative charge on p-side. This region
is called depletion region. The c1rcu1t symbol of p-n diode is shown in Fig. 4.7. The

arrows head indicates the dlrectlon of conventlonal current.

?
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Fixed Ions )
Mobile Mobile

Electrons Holes

OCOODOOO
(0)

E De:pl-clion '

i

FIGURE 4.6 : Potential Distribution Diagram of p-n Junction

>

FIGURE 4.7 : Circuit Symbol of p-n Diode

4.6. WORKING OF PN JUNCTION DIODE

The working of a pn junction diode can be explained under two different heads.

(a) Forward Bias (b) Reverse Bias

4.6.1 Forward Biased PN Junction Diode

When external voltage applied to the junction is

in such a direction that it cancels the potential
barrier, thus permitting current flow, it is called
forward biasing.

Suppose positive battery terminal is connected } - k
to p-region of a semiconductor and the negative _
battery terminal to the n-region as shown in Ti‘ 5
Fig. 4.8 is called forward bias. Forward bias
permits easy flow of current across the junction.

=1

FIGURE 4.8 : Forward Biased PN
Junction

The curfent' flow may be explained as the following ways.

| 1. ;As soon as battery connections are made, holes are repelled by the positive battery
terminal and electrons are repelled by the negative battery terminal with the result
- - that both the elections and the holes are driven towards the junction. This movement

mr———l
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of electrons and holes constitutes g '*'-~——~---—--_...._,___,___“_,__‘__,,_5_

large cury '

i : e

The diode offers low resistance In forward diy tfilt flow throu
eclion,

5 The applied forward voltage reduces the hei
allows more carriers cross the junction, m
Forward bias reduces the thickness of d;zpl

gh the semiconductor.

Ore current to flow across the junction.
etion layer.

Mverw Biased PN Junction Diode
+ ——_.___‘___"_‘____-__

When the external voltage applied to the

.l junction is in such i
barrier is increased, a dirgctlon that potential

it is called reverse biasing.

the positive battery terminal to n-region as shown in Fig. 4.9. is called reveres bias.

In tfn'fs case h_oles are attracted by the negative battery terminal and electrons by the
positive terminal so that both holes and electrons move away from the junction. Since
there is no current flows and the junction offers high resistance. The applied reverse

voltage V increases the potential barrier thereby blocking the flow of majority carriers.
The reverse bias increase the thickness of depletion layer.

Although under reveres bias condition, there is practically no current due to majority
carriers, yet there is a small amount of current due to flow of minority carriers. This
current is called Reverse saturation current I,. Since minority carriers are
thermally generated I, is extremely temperature dependent. I, is found to double
to every 10° C rise for germanium and for every 6°C rise in silicon. I, is in order
of pHA for germanium and nA for silicon.

If reverse voltage is increased continuously the I ~— 1

kinetic energy of minority electrons may become

high enough to knockout electrons from the
semiconductor atom. At this stage breakdown
of the junction'occurs, characterized by a sudden
rise of reverse current and a sudden fall of the
resistance of barrier region. This may destroy the_ e |

junction permanently.
FIGURE 4.9 : Reverse Biased PN
Junction

ﬂ"_-?_ Volt-Ampere Characteristics of PN Diode

VI characteristics of a p-n diode is the curve between voltage across the junction and
the circuit current. Usually voltage is taken along x-axis and current along y-axis. The
characteristics is shown in Fig. 4.9, and can be studied under three heads.
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No Bias : When the external voltage is zero i.e., circuit is open, the poten‘tlal bar‘rier
at the junction does not permit current flow. Therefore the circuit current is zero and

is indicated by point O.

Forward Bias : With forward bias to the I (mA) |

p-n junction, the potential barrier is sok

reduced. At ordinary room temperature,

a potential drop of about 0.3 v or 0.7 v i

is required to start conduction. This 101
voltage is known as threshold voltage : 5] i
or cutin voltage. It is practically same

as barrier voltage Vg . From now onwards 0 5 1057 3‘; 0 0? 4 0o 48
that current incrzases exponentially with Cutin Voitzge

the increase in forward voltage. From the I’
forward characteristics, it is seen that at 715

first region OA, the current increases 1)

slowly and the curve is nonlinear. It is ithi
r(u

because the external voltage exceeds the X
potential barrier voltage the p-n diode FIGURE 4.9 : VI Characteristics of p-n Junction

behaves like an ordinary conductor.
Therefore the current rises very sharply with increase in external voltage.

The relation between voltage and current is given by

I =1, (T -1

[s]
T(k)
11,600

Where, V; = Volt equivalent to temperature =

b}

IO = Reverse saturation current

V = Applied voltage

n = 1 for germanium 2 for silicon.

TRANSISTORS

A transistor can also be called as bipolar junction transistor, has two junctions formed

by sandwiching either p-type or n-type semiconductor between a pair of opposite
types. There are two types of transistors namely,

1. P-N-P transistor
2. N-P-N transistors.
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In each type of Transistor :

Emitter Base Collactor

1. There are two pn junctions,

C
—1 P |N| P |—
2. There are three terminals taken from each type
of semiconductor,
B
: . 2 (a) PNP Transistor
3. The middle section is very thin layer. This is most ' :
important factor in the function of a transistor. Emitter Base Collector
E s
o—— N P N |—>
Fig. 4.10 shows the two types of transistors while
Fig. 4.11 shows the circuit symbol of the two l
types. The three constituent portion of a transistor y
’ ; ' . (b) NPN Transistor
are called emitter, base and collector. ,
' FIGURE 4.10 : Transistor
1. Emitter : The section on one side supplies charge carriers is called
emitter. It is more heavily doped than of the other regions because E C
its main function is to supply majority charge carriers to the base.
The emitter may be distinguished from the collector by an arrow B
head represents the direction of the emitter current with the forward (a) PNP Transistor
E c

bias on the emitter.

2. Base : The middle section which forms two pn junctions between B
(b) NPN Transistor

the emitter and collector is called the base. It is very thin as compared

to either the emitter or collector and is very lightly doped. FIGURE 4.11 : Circuit
' Symbols

3. Collector : The section on the other side collects the charge carriers is called the

collector. The collector region is physically larger than the emitter region because it
has to dissipate much power. Because of this difference, there is no possibility of

inverting the transistor i.e., making its collector the emitter and its emitter the collector.

| —

48  TRANSISTOR CONFIGURATIONS

There are three leads in a transistor viz.,
d in a circuit, we require four terminals two for the

emitter, base and collector. However when

a transistor is to be connecte

input and two for the output.
mon to both input and output terminals. The input is fed between

This difficult is overcome by making one terminal of

the transistor com

—
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~ this common terminal and one of the other two terminals. The output is obtainegq

between the common terminal and the remaining terminal. Accordingly a transistor
can be connected in a circuit in the following ways. '

1. Common Base 'Configuration.
2. Common Emitter Configuration.

3. Common Collector Configuration,

L]

Each circuit connection has specific advantages and disadvantages. It may be noted that -
regardless of circuit connection. The emitter is always biased in the forward direction,

while the collector is always a reverse biased.

4.9

-~ COMMON BASE CONFIGURATION

‘Fig. 4.12. Shows= a pnp transistor with bias voltage

VEE and Ve and connected in common base
configuration. Here I & Ic are emitter and

' coll_ecto'r currents and Veg & Vg are emitter base

voltage and collector base voltage. ‘Graphs may
be plotted choosing two out of four variables as
dependen{ variables and other two as independent
variables. In transistor it is most useful to select

input current and output voltage as the

independent variables. The output current and

input voltage then form the dependent variable.

le : Ic

- Vee Ves
e 2
— Ve Voo ——

FIGURE 4.12 : Common Base
Configuration

Thus in CB configuration, we can write the following equations

Vig-= fi Wepi e it (1)
It = o VegTe). .. e (2)

Input Characteristics : The curves of Fig.

4.13 constitute input characteristics' of pnp

transistor in CB configuration. These are
obtained by plotting Equ. (1) i.e., plotti_ng
the emitter base uoltaée VEg voltage against
the emitter current Ig, with collector to base

vbltage Veg as the parameter. -

Te (mA) _

257

20T

151

101

Veg=1V .
Veg =0 Open

+ + + v } 3 V
01 02 03 os o5 op "2V

FIGURE 4.13 : Input Characteristics of

PNP Transistor
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. Output Characteristics : The relation of Equ. (2)

pnp transistor and plots the collector current Ic a
using Ig as the parameter. |

is depicted in'Fig. 4.14 for a typical
gainst collector to base voltage Vg

Ic (mA)
Saturation Region -
lg=40mA
—40 - E
_ lg=30mA

-30 -
' I = 20 mA

-20 B

-10 .
/ ' le=0
/ t - : t : ' '
: 1 2 3 4 5 b
028 ///// Cutoff Region -

FIGURE 4.14 : Output Characteristics of a PNP Transistor

\
i
>
P—— Active Region

A

i

|

<

LI & |
@
2

Active Region : The active region of the characteristics is one in which the collector |
junction is reverse biased and emitter junction is fQ'rward biased. With zero emitter
current the transistor behaves as a reverse biased base collector_diode. So that the
collector-current is small and equal to the reverse saturation collector current ICO.'

Suppose now a forward emitter current Ig flows in the emitter circuit. Then fraction of
— o Ig of this current reaches the collector. In the active region the collector current is
independent of collector voltage and depends only on the emitter current Ig.

Saturation Reg-ion : The ;region of the output characteristics to the left of the ordinate
Veg = 0 and Ig = 0. In this region both emitter and collector junctions are forward biased.

Cutoff Reg.ion ¢ 'i"he output characteristiés forlg =0 is similar to all other characteristics
except that it passes through the origin. The characteristics for Ig = O is not coincident
with the voltage axis, but the current Ic is only a few micro amperes. The region
below and to right of the Ig =0 characteristics for which region both emitter and
c‘?“lle'ctc.r junctidns are reverse biased is called the cutoff region.

\_\_—___
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4.9.1 Common Emitter Configuration : ____!:_____——-_—_---H

Fig. 4.15 shows a npn transistor in common

emitter or grounded emitter configuration. In

the CE configuration also, the inpﬁt current and ' ‘\
B _
Vee

the output voltage are taken as the independent X K

variables where as the input voltage and the VBE\.
output current form the dependent variables. ~— Ves

We may then express the output current I and

the input voltage Vgg as functions of input

; tout voltage Ver as below. FIGURE 4.15 : Common Emitter
current I and output voltage Vg Configuration

Vee = f1 (Veg, Ip) . : R (3)
Ic = f2 (Vcg, Ip) . 71

Input Characteristics : Equ. (3) gives the input characteristics. In Fig. 4.16 (a) the
base to emitter voltage Vgg is plotted against the base current Ig with collector to
emitter voltage Vg as the parameter. With Vce = 0 the collector is shorted to emitter
and the transistor acts as forward biased diode. If | Vcel is increased, the base collector
junction depletion layer increases and results the decreases of base width, finally
decreases the recombination base current.

Output Characteristics : Fig. 4.16 (b) shows the output characteristics curves of a
npn transistor.in CE configuration. Here collector current Ic is plotted against the
collector to emitter voltage Vop using the base current Ig as the parameter. In CE
configuration the slopes of the curves are larger than slopes in CB configuration.
Further the output current I¢ is much larger than input current Ig.

lg (mA
B (mA) Veg=1V
| Veg= 2V lg=200pnA
lg=150 n A
il 8=150p
|32100|.1A
34
]
. g=50uA '
2-..
1--
t g t ’ =Y - : } ‘ +—V,
0 01 02 03 04 o5 (V) 3 4 6 5 0 =

(a) Input Characteristics of npn Transistor (b) Output Characteristics of npn-Transistor

FIGURE 4.16 : Common Emitter Configuration
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~nthe active l"L‘g‘;rm'l‘tthl? collector junction is reverse basec; wl;lgtl:_b:m .
_rd biased. Thus in Fig.  the base emitter |
jard D1asSt ig. 4.16 (b), the active region is the region to th i«
- o the right of the

js fort
y o] Lo - = f’\ ! >
ordinate Vep = a few tenths of a volt and above I = 0. In the activ ‘ h
arent le res o ; ' e region, the transi
il S ¢ responds more readily to any input signal. The operati : sf’szioEIr
J - ration o

-

o] 2 lrlu\l‘t be rc‘ i

frans

In Fig. 4.16 (b), the collector current [ varies with Vg for Veg bétween O and 1 Vonl
> ( only.

¢ this the collector current becomes almost constant and independent of Vce Above

Afte
this voltage @ Sorsilinerepsp inie witl} increasing V¢ is caused by the collector depletion

- aetting wide :
layer gettin@ er and capturing a few more majority carriers electron hole combinations

occur in the base area.

9.2 Common Collector Configuration
Jok  ——
Fig. 4.17 shows anpn transistor in common I

collector configuration. Here the input
signal is connected between the base and
the collector. The output appears between
emitter and collector. This circuit is

T Vg

popularly known as emitter follower. v
BB —

Fig. 4.18 (a), shows input characteristics and

Fig. 4.18 (b) shows output characteristic of
ransistor in CC mode. The : FIGURE 4.17 : Common Collector
: Configuration

er is poor. But it has got
e and very low output

a npn t
characteristics are resembles

the characteristics of CE transist
an important characteristics of

resistance. This property makes i

or. The voltage gain of this amplifi

having very high input resistanc
t very useful in impedance matching application.

Vee= 1V
Ig (mA EC '
5”31 ) : A le(mA) lp =200 A
) 40+ |g=150}1A
204 lg=100 p A
34
- ' Ig =50
24 g=50pA
2-.
; 1071
Vac (V 0 i : : + +—Vee (V)
05 ec (V) 2 4 6 8 10 ec

0 01 02- 03 04
of npn Transistor
4.18 : Common Collector Confi

(b) Output Characteristics of npn Transistor

(a) Input Characteristics

FIGURE
e ekt

guration
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CURRENT I_'-\MPhLIFICIATIDN FACTOR (o)

The ratio of change in collector current to the change in the emitter

current at constant collector base voltage Vg is known as current
amplification factor.

Al-
Al at constant Vg

(04

The value of current amplification factor o is less than unity. This
value can be increased by decreasing the base current. This is
achieved by making the base thin and lightly doped.

gi7.744 BASE CURRENT AMPLIFICATION FACTOR (B)

The ration of change in collector current to change in base current
is known as base current amplification factor.

Alc

b= a1,

In almost any transistor, less than 5% of emitter current flows as

the the base current therefore, the value Bis generally greater
than 20.

o4y EXPRESSION FOR COLLECTOR CURRENT

In common base configuration /g is input current and I is -the
output current. The expression for collector current is given by

-

Ic = alp+icp

In common emitter configuration, /g is the input current and I is
the output current. The expression for collector current is given by

I = B Iy +Icg,

(or) I = B Iy + (1 +B) Icay,
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In common collector configuration, /5 is the input current and Iz is
the output current. The expression for emitter current is given by.

(or) Ig = (A + B) Ip+ (1 +B) Iy,

FZ] COMPARISON FOR THREE TRANSISTOR CONFIGURATION

The comparison of various characteristics of the three connections
is given below.

lo. Characteristic Common Common Commeon
Base Emitter Collector
Input resistance Low about Low about Very high about
100 k2 750 Q2 750 k2
Output resistance | Very high about High about Low about
450 Q 45 £k Q2 50 Q2
Voltage gain About 150 About 500 Less than 1
b Applications For high frequency| For audio freque- | For impedance
amplifications g¢7 | ncy amplifications matching

21 SPECIFICATIONS OF DIODE

first switched on.

In order to select a proper semiconductor diode for a particular
application, an appropriate ratings/specifications must be t‘ollow&Ed.
Usually a typical values are supplied by the manufacturer and while
observing those, a proper PN diode has to select. Here some of the

specifications are listed below.

rrent (/g) : It is the maximum current in

Maximum Forward Cu -
duct without damage to the

forward bias that a PN-junction can con
junction. 3
It is the maximum voltage that can

Peak Inverse Voltage (PIV) : . :
, N—junction without damage to the

be applied in reverse bias to the P
junction.

Reverse Break Down Voltage (Vg
at which the diode may break down.

l'uw‘cr Rating () : The maximum power that t‘l)ll:‘ device can safely
dissipate on a continuous basis in free air at 25°C.

- It is usually highest than the normal

It may flow briefly whne a circuit 18

&) ¢ The minimum reverse voltage

Surge Current uﬁs‘mg.-)
maximum forward current.

e e e e e i T (s
S— —_—
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1 SPECIFICATIONS OF ZENER DIODE

The following are the specifications of /N746 zener diode.
Zener voltage Vy=3.3V

Tolerance range of zener voltage = + 5% or + 10%

Test current Iz = 20 mA

Maximum zener impedance Zzr = 28

Maximum d.c. zener current = 110 74

Reverse leakage current [g= 101 A

Maximum power dissipation = 500 mw upto 75 w

EB¥®¥1 SPECIFICATIONS OF TRANSISTOR

Some of the important specifications of transistor are given below:
Collector Emitter Voltage Vcg,, : This is maximum voltage
which may be applied to the collector emitter terminal with the
base terminal open.

Collector Base Voltage Vcg, : The maximum voltage which
may be applied to the collector base terminals with the emitter
terminal open.

Current Gain /2 gr :The ratio of collector current I to base current
Ig at a specified collector emitter voltage.

Collector—Emitter Saturation Voltage VCEsrrr : The d.c. voltage
measured between the collector and emitter terminals oat specified
current conditions.

Basc-Emitter Saturation Voltage VBEsm : The base emitter voltage
as measured with conditions as specified for chmr.

Current-Gain Band Width Production f7 : The frequency at
which the small signal forward current transfer ratio becomes 1.
meaning no gain fp specifies the upper frequency limit for the
transistor as as amplifier.

Power Dissipation (P) : Maximum power dissipation without
damaging the transistor.

Collector Base Leakage Current Icg,, : 1t is the collector base

leakage current,
- A Texebook of Electronies - 1
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410 ZENERDIODE - - |
When an ordinary junction diodes are reverse biased, normally a small reverse saturatiop,
current I, flows. If the reverse voltage is increased sufficiently the junction breaksdown
and a large reverse current flows. This large current could be enough to destroy th,,
junction. A suitably designed diode, which have stable breakdown voltlage over a wide
range of reverse currents is called zener diode. '

A properly doped crystal diode which has a sharp breakdown voltage is known as zener
diode. Fig. 4.19 (a) is a circuit symbol of zener diode and Fig. 4.19 (b) shows equivale

circuit in breakdown condition. : ;
3
0
| ézz
; K. |
‘A oy
O
(a) Circuit Symbol % © A . * (b) Equivalent Circuit

FIGURE 4.19: Zener Diode

The main featurés of zener diodes are

; !t is a heavily dop.ed diode, whose depletion layer is thin.

2. When fortyard biased, its ;:haracteristics are just that of ordinary diode. -
3. A zener diode has sharp breakdqwn voltage, ;:alled zener voltage V7.
; _ ;

A zener diode is not immediately burnt just because it has entered the breakdown
region. As long as the external circuit connected to the diode hmlts the diode current
to less than burn out value, the diode will not burn out.

4.10.1 vi Characteristics of Zener Diode T 5 s s el

Fig. 4.20 shows VI characteristics of zener aiodé' Zener diode characteristics are samdfas PN
diode characteristics in forward bias. In reverse characteristics Vzis zener breakdown voltage,
Iz is the test current at which Vy is measured. Iy is the zener current near the Knee of the
characteristics the minimum zener current necessary to sustain breakdown. Izv is the maximum
zener current which is limited by the maximum power dissipation.
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FIGURE 4.20 : Zener Diode Characteristic

411

ZENER AND AVALANCHE BREAKDOWN

Zener Breakdown ¢

Al

Usually occurs in silicon pn junctions of reverse biased of less

than 5 V. Under the influence of high intensity electric field large number of electrons

with in the depletion region break the:covalent bonds with their atoms as shown in
Fig. 4.21 and thus a large reverse current flows. This is ionization by an electric
field. Since a small reverse voltage can produce a very high intensity electric field

with in a narrow depletion region. This is known as zener breakdown
Applied Potential (Reverse Blas)
Electrons pulled out of

atoms by high intensity
/!— electricfield

N

‘ \\

\
-

\

\\' ®

|~—— Depletion Region —

| ' FIGURE 4.21 : Zener Diode
|

Scanned with CamScanner



e | EE “TECTRICAL AND ELECTRONICS ENGINEERIN;

— e
s

Avalanche Breakdown : Occurs because of cumulative action. The external appljeq
voltage accelerate the minority carriers in the depletion region. They attain sufficien;
kinetic energy to ionize atoms by collision. This creates new electrons which are
again accelerated to high enough velocities to ionize more atoms. This way ap

avalanche of free electrons is obtained. The reverse current sharply increases.

Charge carrier striking atom knowcks out Charge carriers knocked out of atom
other charge carriers, ioni_zalion by collision [ causes further ionization by collision

Incident minority charge carriers \ /——' Avalanche of charge carriers

|

\

-

ZZN

-—— Depletion Region —=

- —— Applied potential (reverse bias)
,FIGURE 4.22 : Avalanche - Breakdown
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Rectifiers may be classified in to two categories depending upon the

60 Power Supplies

EEEX] INTRODUCTION

In general electronic circuits like amplifiers, oscillators require a
source of d.c. power. Batteries, no doubt may be used for power
supply in portable electronic equipment. But, batteries are rarely used
for this purpose as they are costly and require frequency replacement.
In practice, d.c. power for electronic circuits is most conveniently
obtained from commercial a.c lines by using rectifier-filter-regulator,
called a power supply. In this chapter, we shall focus our attention
on different types of rectifiers, filters and regulators.

EEIKE1 REGULATED POWER SUPPLY

A. dc. power supply, which converts a.c. into d.c. and maintains
the output voltage constants irrespective of a.c. mains fluctuations
or load variations is known as regulated d.c. power supply.

The block diagram of regulaléd power supply is shown in -Fig‘3.l-
A power supply consists of rectifier, filter and regulator. The
conversion of alternating voltage in to steady voltage by means of
rectifier. In order to remove the alternating component of the
rectified output (ripple), we need a filter. To obtain constant output

¢ period of conduction. They are

(a) Half-wave rectifiers
(b) Full-wave rectifiers

Fullwave rectifiers may further be classified in to two categories

depending upon nature of the circuit connection. They are
(a) Centre tapped full-wave rectifier

(b) Bridge full-wave rectifier

IEEEX] HALF-WAVE RECTIFIER

(" A halfwave rectifier circuit is one which conducts current anly
during the positive half cycles of input a.c. supply. The negative
half-cycles of a.c. supply are suppressed)i.e.. during negative
half cycles, no current is conducted and hence no voltage appears
across the load. Therefore current always flows in one direction
through the load.

voltage irrespective of load variations or a supply variations we

fded & FeGUTOR Fig.3.2 gives the basic circuit of a half wave rectifier. The a.c voltage

to be rectified is applie'd to the input of transformer and the

s ‘Qcm transformer permits two advantages. Firstly, it allows use to step up

] ectifi 1t Regulator w 5

s Rectifier ; Fitter 9u Oulput or step down the a.c input voltage. Secondly, the transformer isolates
the rectifier circuit from power line and thus reduces the risk of

e FIGURE 3.1:  Black Dizgram of Regulated Power Supply electric shock.

EREENA RECTIFIER - o "

A rectifier may be defined as an electronic device, such as a ‘
semiconductor diode, used for converting a.c. voltage or current - _
>

i idirectional voltage or current. ; 230V

into unidirection g ZOV. o . §RL 1
IEEEYE CLASSIFICATION OF RECTIFIERS :

Rectifier circuits are basically of two types depending on the JJ

alternating voltage they take as input. They are : ) !

(a) Single phase rectifiers
(b) Polyphase rectifiers 2

8% FIGURE 3.2:  Circuit Diagram of Hall .wave Reclifier
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x v s 2x

Current Wavetorm

= : g, B
H P . —t

Output \ﬂ::tage: Wareform

=53 FIGURE 33 : o, Output Velizge and Current Waveforms of Hallhwave Rectifier

Operation : The a.c. voltage across the secondary winding AB
changes polarities after every half cycle. During the positive half
cvcle of input a.c. voltage, end 4 becomes positive with respect to
end B. This makes the diode forward biased and hence it conducts
current. During the negative haif cycle, end A4 is negative with
respect to end B. Under this condition, the diode is reverse biased
and it conducts no current. Therefore, current flows through the
diode during'positive half cvcle of input a.c. voltwj.n this
way, current flows through load R; always in the same direction.
Hence d.c. output is obtained across R;. It may be noted that output
across load is pulsating d.c.

EEE¥T DISADVANTAGES OF HALF-WAVE RECTIFIER

The main disadvantages of half-wave rectifiers are :

1. The pulsating current in the load contains alternating component
whose basic frequency is equal to the supply frequency. Therefore,
an elaborate filtering is required to produce steady current.

2. The a.c. supply delivers power on half the time. Therefore, the output

is low.

A Textbook of Electronics - 1
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PN EFFICIENCY OF HALF-WAVE RECTIFIER

The ratio of d.c. power output to the applied input a.c power is
known as rectifier efficiency i.e.,

d.c. power oulput

Rectifier efficiency, m = o e —

Consider a half-wave rectifier shown in Fig.3.2. Let V=V, sin @
be the alternating voltage that appears across the secondary winding.
Letryand R be the diode resistance and load resistance respectively.
The diode conducts during positive half-cycles of a.c. supply while
no current conduction takes place during negative half—cycles.

The current through diode, load resistance is given by

i = I, sin® for 0<6<=n sees (1)
and i=0 forr x <0 <2 ... (2)
Where 7, is the maximum or peak current and is given by
1, = S 3)
re+Ry

d.c. Power : The output current is pulsating direct current. Therefore
in order to find d.c. power, average current has to be found out.

From the Fig.3.3 we can observe that the current flowing throuph
the diode and hence through the load resistance, i is unidirectional
current. The average current I is given as :

x 2x
Average current [y, = [z = ?1_ [I: do+ _[oae]
T
0 3

1 x
= — I {
2 j,,,smede
0
= -;-';';usmede'

Y B
7 e [ ccv.f:e]'J

In
- ) 4)

=
&
Il
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_ 1; Y
dc. power Pg. = |2 R, = [ = ] R . (5)
The d.c. output voltage is given by Va. = I Ry
Iﬂ'
Vie = 2R, amsiasises; 00D

mn

a.c. Power : In order to find a.c. power, a.c. current has to be
found out a.c.current is equal to the rms current thus

B 1 2n 1/2
Irm.s = L‘zz Ifzde:l
]

- 1/2
1 -[2 . 9
= |— Imsm"dB:|
H21'|:c|

_Iz x 1/2
= | Z [sin? Bd9j|
0

4an
L.
Irms = 7y . (D)
- a.c input power P, = 12.(ry+ Rp)
12
Pac= —(ry+Ri) RO ¢

Ln) 4R
d.coutput power _ - L

a.cinput power I, £
[—i") x(rf + RL)

.. Rectifier efficiency n=

exthook of Electronics - 1

e e i rp———

Power Supplies
0.406R, _ 0.406
Tl = r‘r + R.L _1 6 :)_f_ ............ (9)
L

The efficiency will be maximum if ris negligible as compared to Ry
for ideal diode ry=10
Maximum rectifier efficiency is 0.406 or 40.6%

This shows that in half-wave rectification a maximum of 40.6% of
a.c power is converted in to d.c power.

g¢227C PROBLEM - 1 -
Asinusoidal voltage of peak amplitude of 20 volts is applied
to a half wave rectifier using p-n diode. The load resistor is
1000Q. The forward resistance of the diode is 1082,
Calculate

(i) peak, average and rms of lvad current
(ii) d.c poweroutput
(iii) a.c powerinput

(iv) Rectifier efficiency.

Solution:
(i) Maximum or peak current [, = X AR =19.8mA
™~ r;+R,. 10+1000
Average current Inwp = Ip= _{"_,-:__19.BmA =6.3mA
T T
I
RMS Current  f,, = 2~ = isiﬂ = 9.9mA

(i) DC power output  Pg. = J2.x R, =(6.3x10"*)?x 1000

= 39.69 mw

(iii) AC input power Pae = Ii.x (rp+Ry)

= (9.9x1073) x(10 + 1000) = 99 mw

(iv) Rectifier efficiency n = %=%@x100=40%
ac
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=EUTE PROBLEM -

An a.c supply of 230 V is applied to a half-wave rectifier

¢ircuit through a transformer of turnratio’:1. Find

(i) Theoutputd.cvoltage

(it) Efficiency

(iii) Peak inverse voltage. Assume the diode to be ideal

Soelution:

n=0

]

—p>i

“247% FIGURE 3.4:
Transformers tumns ratio
RMS primary voltage

Peak primary voltage

Max secondary voltage

(i) d.c. current

Maximum current

Output d.c voltage

A Textbook of Electronics « ] ————®r—wnme

N1
N, 5
=230V

J2x230 = 32531

. Ny
vV, = 3253 x N

1
= 3253 X 5 65.06 V

fo B
de™ »
v 65.05
= ———Tle = - Ve =
lﬂ‘l' r')( + )?J'. Rr_ ( ; rf 0)
J 65.06
de TIRL

Vdc‘ - !d(' Ry

65.06
nky

x R, = 20,72V

o i g s

Pawer Supplies

. ' I, 6506
(i) RMS current I . G
el 2 2R
2
d.c power output Pygo =12 .Ry = [651'{06} xR,
c T L
65.06 )
a.c input power Pae = IrusxRy =( 21.{ ] xRy
L
65.06
P (TI:R ] R
Efficiency n=-fL=-) "L/ ___ 0406
Fae  (65.06
Ry
2R,
Alternatively efficiency n= 0’436 Here rf =0
1+-L
Ry
= 0.406
(iii) Peak inverse voltage = 65.06 V

IEEN] FULL-WAVE RECTIFIER

In full wave rectifier, current flows through the load in the same

direction for both half cycles of input a.c. voltag

. The commonly

used full wave rectifier circuits are (1) Centre tap full wave rectifier

(2) Full-wave bridge rectifier.

CENTRE TAP FULL-WAVE RECTIFIER

The circuit employs two diodes Dy and D; as shown Fig.3.5. A
centre tapped secondary winding 48 is used with two diodes
connected so that each uses one half cycle of input a.c voltage. In
other words Dy utilizes the a.c voltage appearing across the upper
half (Q4) of secondary winding for rectification, while diode Dz
uses the lower half winding (OB).

Operation : During the positive half cycles of secondary voltage,
the end A of the secondary winding becomes positive and end B
negative. This makes the diode D; forward biased and diode D,
reverse biased. Therefore diode D conducls whlle diode D; does

A Textbook qf Ele umntcs !
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*fE2 0 FIGURE 3.5:

ws>z FIGUREJ.6:

T T T ———

e —Povier Supplies

. through diode Dy, load resistor
Ry, and the upper half of secondary winding.

not, The conventional current flow is

During the negative half cycle of secondary voltage, the end 4 of
the be'conda-ry winding becomes negative and end positive
therefore diode Dy conducts while diode D, does not. The

conventional current flow s through diode, D, load resistor Ry

and Jower half winding. Refering to Fig. 3.6 it may be scen that

current in the load R is in the same direction for both half of input
a.c. voltage. Therefore d.c. is obtained across the load R.. Also
the polarities of the d.c output across the load should be noted,

L » A +*-
! i H 1
T oy
Vim R, Vo
230V e
50 Hz ™ y
AC 2 p” -
Vi
iy D; |
i 9
= B b I

Circuit Diagram of Centre Tapped Full Wave Rectifier

4-\)'..'I

n /\
n; : 2n E —_

=Vim :

Input; Voitage Wavdform :

. s
o ™ 2n : —= 1

v C:urrenl avefolm E

m ’ ]
0 m 2n Po=—=1

Outwlgvull.age Warvdform :

Input, Dutput Voltage and Current Waveforms of Fullwave Rectifier

—

"

PRRIPS, chruras oo o pridnies ¥ WS

e §9
Power Supplies ——————- : B S e o ‘
EEENN] DISADVANTAGES OF CENTRE-TAPPED FULL-WAVE RECTIFIER
' : inding.
I. Itis difficult to locate the centre tap on the secondary w b4 &
{ the

2,

3

. : HH e half o
The d.c output is small as each diode utilises only on

transformer secondary voltage.

The diodes used must have high peak inverse voltage.

EEKWE] FULL-WAVEBRIDGE RECTIFIER

L2%3 FIGURE3.T:

Fullwave operation can be obtained even without the centre tapped

transformer in bridge rectifier. It contains four diodes D, D2, ..Dg'
and D4 connected from bridge as shown in Fig.3.7 Altema.tmg
voltage is applied to the diagonally opposite ends of the bridge
through the transformer. Between other ends of the bridge the load
resistance R; is connected.

Operatio_n : During positive half cycle of secondary voltage the
end 4 of the secondary winding become positive and end B negative.
This makes diodes D, and D; forward biased while diodes D, and
D are reverse biased. Therefore only diodes Dy and D3 conduct.
These two diodes will be in series through the load R, . It may be .
seen that current flows from P to Q through the load R;.

A
230V
50 Hz
AC
B

Circuit Diagram of Bridge Fullwave Rectifier

During the negative half cycle of secondary voltage end 4 becomes
negative and end B positive. This makes diodes D5, and D4 forward
biased where as diodes D) and Dj are reverse biased. Therefore
only diodes D; and D4 conducts. These two diodes will also be in
series through the load R;. It may be seen that again current flows

SEPIPPUT N - e e s s A Tl o L. F v
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from P 10 ©Q through the load j.e.

Power Supplies

, In the same direction as for the

posiive haif cycle. Therefore d.c output is obtained across load R;.

*Un

Y\

=1

0

Ut Voltase Waestorm

N/ \

t

AN

xr .

3 2 —

o N \ 5
i e i3z : —_—

Cutonivansgs Wavsom

t

fnput. Cutpet Valtage 2o Curremt Wareforrs cf Brioge Full - wave Rectifier
Em ADVANTAGES AND DISADVANTAGE

S OF BRIDGE RECTIFIER

¢ following are the advantages
tapped fullwave rectifier.

of Bridge Rectifier over centre

I. No centre tap is needed in the transformer secondary.

2. The output is twice that of the centre tap circuit for the same

secondary voitage.

3. The peak inverse voliage is
circuit.

one half that of the centre tap

The following are the disadvantages of bridge rectifier over centre

tzpped fullwave rectifier.
-1. It requires four diodes.

2. As during each half cycle of a.c¢ input two diodes that conduct
are in series, therefore voltage drop in the internal resistance
of the rectifving unit (diodes) will be twice. This is
objectionable when secondary voltage is small.

B L LTR LV

Power Supplies
K] EFFICIENCY OF FULL-WAVE RECTIFIER

Consider a fullwave rectifier. Let V= Vim sin 0 since the a.c. voliage

to be rectified and rrand R; be the diode resistance and load
resistance respectively. Obviously, the rectifier will conduct

current through the load in the same direction for both half cycle
of input a.c. voltage.

T

The current through the diode (s), load resistance and is given by

i=1I,sin 8for0<s® <~ (10)
Where /,, is the maximum current is give by
v, _
I = AR, e (11
(for centre tapped full-wave rectifier)
1%
Iy = = (12)
2ry %

(for bridge full-wave rectifier)

Note : For simplicity, we will take total series resistance is rr+ Ry
i.e., resistance offered by centre tapped full-wave rectifier, in our
further analysis.

d.c Power : The output current is pulsating direct current. Therefore
in order to find the d.c power average current has to be found out.
From the Figure 3.7 and 3.8. We can observe that the current i is a
unidirectional current. _

=

fiae

3 -

-2 [1..sin6do
R 0

H =

Average current Iy = Ig. =

I
= ?"’[—cosﬁ};

2%
S

21, ¥
. d.c power output P, = I3 R, 2(_&&] R,

A Textboak of Electronics - |
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-, Maximum efficiency of full-wave rectification

alf-wave rectifier. Therefore

3

0.812 or 81.2%.

The d.c output voltage is given by V=1, R,

Vv 21

o= —MR, This is double the efficiency due to b
b1y

i p - rectifier.
a full-wave rectifier is twice as effective as a half-wave

EEEREE] PEAK INVERSE VOLTAGE

. . iode can
¥ Peak inverse voltage is maximum reverse voltage that a di

a.c Power : In order to find a.c. power, a.c. current has to be found
out. a.c. current is equal to the rms current. Thus

‘1 2 , 1/2 " 1/2 L withstand without destroying the junction. If the rcvcrsc' volt:itgc
lrms = | % J" @ = [}' IIE’ Sf"zng] ? across a diode exceeds this value, the reverse currcnl increase
-0 0 { sharply and brecakdown the junction due to €Xcessive heat. Peak
[ 12 = 1/2 inversc voltage is extremecly important when diode is used as a
_ | in I [_1"“’520)[;9] rectifier. In rectifier services, it has to be ensured that reverse
L™ 2 voltage across the diode does not exceed its PJV during the negative
_ half cycle of input a.c. voltage.
: i?&[o_s"”ze]n ]1/2 EEENK] PIV OF A HALF - WAVE RECTIFIER
LT > ' In half-wave rectifier of Fig.3.2, for negative half-cycle of
i ' : secondary voltage, no voltage drop across load resistor. Therefore
- J% N whole of the secondary voltage appears across the diode.
1 ' Consequently peak inverse voltage is V.
lms = 3 T e ae) ! PIVS Foo v & i 5 et (19)”
a.c. input power Po. = I2,. (ry+ Ry) | EEEXEA PIV OF A CENTRE - TAPPED FULL - WAVE RECTIFIER

L, 2 Suppose ¥, is the maximum voltage across the half-secondary
= [JE] (r¢ #Ry) 0 seeees a7 i winding Fig.3.5 shows the circuit at the instant secondary voltage
reaches its maximum value in the positive direction. At this instant,
diode D; is conducting while diode D, is nonconducting diode.
Consequently, the peak inverse voltage is twice the maximum
voltage across half-secondary winding.

d.c.outputpower P,
a.c.input power P,

ac

.. Full-wave rectification efficiency n=

2
[21,,,) R,
n = - 172 i 1.e., PIV = 2Vm
[J”EJ (ry+Ry.) EEEXE] PIV OF A BRIDGE FULL-WAVE RECTIFIER 4

Referring to Fig.3.7, when end A4 is positive, diode D; conducts
where as diode D, does not conduct. By studying the circuit 4 D,
D; B it is easy to see that whole of the secondary voltage is applied
in the reverse direction across D,. Hence PIV of each diode is equal
to the maximum secondary voltage. '

PIV =V,

i o g o g -y g b

5 >

0.812R 0.812
n = Le——— (18)

rp+ R 1+l
Ry
The efficiency will be maximum if ,is negligible as compared
to R;. For ideal diode ry= 0. i

- PRI

g L e i

........... #3))
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FE3158% PROBLEMS - 3
A full-

forward resistance of diode is 8Q. Sine wave of peakh
voltage of 30 V is applied to each diode. Calculate

(i) maximum, d.c. and rms load current

(ii) d.c.poweroutput
(iii) a.c power input
(iv) rectifier efficiency.

Solution:

s 2 V
(i) Maximum current I, = m__ _ _3(1_ ‘e
™ re+R,  8+1200 Al
d.c current, Iy = oo EXOAR) 15.79 mA
T
rms current, = In = 24.8

Irms = E =" 17.54 md

(ii) d.c power output,Ps. = I2 R, = (15.79x107> )2 x 1200
= 299 mWw

(iii) a.c input power, P, = I, (r,+R,)=(17.54x107%)?(8 +1200)

= 371.64 mW

P _ 299
B, 37164

(iv) Rectifier efficiency,n = = 0.804 or 80.4%

EXT7% PROBLEMS - 4

An a.c. supply of 230V is applied to centre-tapped full-
wave rectifier circuit having transformer of turns ratio
5:1. Find

(i) d.c.outputvoltage

(ii) peak inverse voltage

(iii) rectification efficiency. Assume the diode to be ideal.

A Textbook of Electronics - 1
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Wwave rectifier uses load resistor of 1200Q. The

75

Power Supplies
Solution:
>1
T 3
5:1 n=0
Vi Ry
230V L
UI“
n=0
- - >
= FIGURE 3.9:
= N, _1
Transformer turns ratio N, 5
rms primary voltage = 230V

1
rms secondary voltage = 230 x 5= 46 V

Maximum voltage across whole secondary = -fo46 =65V

65
Maximum voltage across secondary V,, = ?= 325V
V. 325
- M - t I e m — P =0
) aximum curren m r+R, R, ( Tr )
21 2x32.5
Average ¢ t Iz = =
ge curren de = =R,
d.c output voltage, Vac = Izz x Ry
2x32.5
= ZXO2I 4R, =20.7V
(i) Peak inverse voltage PIV = 2V,

PIV = 2 x 325=65V

0.812

(ii) Rectification efficiency n = 7 since ry=0
1 +Ef—'
L
N=0.812 or 81.2%
- A Textbook of Electronics - I
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EEERI] RIPPLE FACTOR

i .

bl ok Plonrvenries = [

Power Supplies

The output of a rectifier consists of a d.c. component and a.c.
component. The a.c. component is undesirable and accounts for
the pulsations in the rectifier output. The a.c. component present
in the rectified output is called as ripple. The effectiveness of a
rectifier depends upon the magnitude of a.c. component in the
output, the small this component, the more effective in the rectifier.

The ratio rms value of a.c. component to the d.c. component in

the rectifier output is known as ripple factor.

rms value of a.c component

Ripple factor = —_ = of d.c component

Therefore ripple factor is very important in deciding the effectiveness
of a rectifier. The small the ripple factor, the lesser the effective a.c
component and hence more effective in the rectifier.

Mathematical Analysis : The output current of rectifier contains

d.c. and a.c. components. By definition, the rms value of total load
current is given by

[ = [r2 2
Irms = li-'*‘[i- or !9_-’-' = Vs —1ac
Dividing through /4 we get

L, _ 1

Idc

llr2

rims

2
-Ia‘c

Id’c

Id’t‘

de

But is the ripple factor

*. ripple factor =

Ripple factor

Power Supplics

77

onent in the
It is clear that a.c. component exceeds t.he d.c‘t ioTllljSations in the
output of half-wave rectifier. This results .m grea e pfor N
output. Therefore half-wave rectifier 1S ineffective

of ac. todec.

21,

—

Iﬂf =
For full-wave rectifier Iems = *J‘-'i‘ Lac -

2
JE_/_*@] _1=0.48
21?!:/“

rectifier is 0.48 for this
jon ofa.ctod.c.

Ripple factor

The effective a.c component of a full-wave .
T : s
reason fullwave rectifier 1s invariably used for con

EENE] COMPARISON OF RECTIFIERS

Bridge
i Half-wave Centre Tap
B Partieutar Rectifier Full-wave Full-wave
Rectifier Rectifier
4
1. No. of diodes 1 2
2. Transformers necessity Not necessary Necessary Not necessary
o,
3. Maximum efficiency 40.6% 81.2% l 31.2%
0.48
4, Ripple factor 1.21 0.48
5 Qutput frequency \ Same as input | Twice the input Twice the
. input
ripple frequency) inpu
6. Peak inverse voltage Vo l 2V, V.,

EEENF] FILTER CIRCUITS

From the previous discussions, _
rectifier is pulsating d.c. i.e., it contains a.c. and d.c. components.
The a.c. component is undesirable and must be kept away from
the load. The filter circuit is used' to remove theé a.c. componen.l
and to allow only the d.c. component to reach the load. Obviously,
a filter circuit should be installed between the rectifier and the load.

BERE] TYPES OF FILTER CIRCUITS
BEKEX] CAPACITOR FILTER

it was found that the output of

- 1
Fig.3.10 shows a capacitor filter. It consists of a capacitor C placed

across the rectifier output in parallel with load R;. The pulsating
‘A Textbook of Electronics - 1
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EEEIS ZENER DIODE VOLTAGE REGULATOR

When the input of a zener diode is greater than the zener voltage the |
sener diode works in the breakdown region, provided it is connected
in the reverse bias. This principle is used in the regulator along with
its equivalent circuit i3 shown in Fig. 3.16. In this circuit the zener
diode is reversely connected across the load R, across which constant -
output is desired. The series resistance R absorbs the output voltage
fluctuations so as to maintain constant voltage across the load. It
may be noted that the zener will maintain a constant voltage Vz

across the load so long as the input voltage does not fall below V.

When the circuit is properly designed, the load voltage ¥, remains

essentially constant equal to V7 even though the input voltage V;

and load resistance R; may vary over a wide range. Suppose the
input voltage increases. Since the zener is in the breakdown region,
the zener diode is equivalent to a battery ¥, as shown the Fig. 3.16
(b). It is clear that output voltage remains constant at V,. The
excess voltage is dropped across the series resistance R. Tiis will
cause an increase in the value of total current 7. The zener will
conduct the increase of current in I while load current remains
constant. Hence the output voltage ¥, remains constant irrespective
of the changes in the input voltage V;.
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+ R | Iz
AW -
II.
Unregulated Regulated
inp[ul 4 RL output (Vo)
(a) Zener Regulator
+ R [
3 ANNN—=
\ A .
Unregulated —— R Regulated
input Vg L output (Vo)
)8 _ l

(b) Equivalent Circuit

25T FIGURE 3.16:

Now suppose that input voltage is constant but the load resistance

R; decreases. This will causes an increase in load current. The extra
current cannot come from the source because drop in R will not
change as the zener is within its regulating range. The additional load
current will come from a decrease in zener current I. Consequently,

the output voltage stays at constant value.
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EEEE-UNIT V
SYLLABUS-
Operational Amplifier: Ideal op-amp, Inverting configuration, closed loop gain, effect of
finite open loop gain, Non-inverting configuration, closed loop gain, Voltage Follower and
Differential amplifier-Numerical Problems
Op-Amp: An Op-Amp is a circuit designed to perform several mathematical operations such
Addition, Multiplication, Integration and differentiation operations etc.

Hence there are several Op-amps such as Inverting Op-amp, Non-Inverting Op-amp, Voltage
follower, Differential Op-amps etc.

Operational Amplifiers

N/
'/

Cosine Sine

Inverting (—) | 2 ] E: ------- 7 IV+ (Power) V\
Non-Inverting (+) | 3 ' 6 | Output
1
& : ‘ \/
(Power) V—| 4 frmmmm—— 4 5 | Offset Null

Sine Wave

InputSignal | Qutput Signal
I
|
|- | Spikes
|
I
Square Wave |
N
I
|
I Rectanqular
|
. W : '
Offset Null| 1 | 741 Op. Amp. ENO(Connected(NC) Idangular Weve
|
|
|
|
|
|
|
|
I

Equivalent Circuit of an Op-Amp

3 S

Inverting V/,

o,
Input j

Non-Inverting \/,

Input

—e o

1|Page
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Problem 5. Determine the output Voltage of the following Op-amp circuit
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