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Foreword

Dear Students,

It is with immense pleasure and pride that State Council of
Educational Research and Training (SCERT) Kerala brings forth its
first textbook in Electronics for higher secondary students of XIth
standard. Our endeavor to revise the syllabus and prepare a textbook
of Electronics has fulfilled a long cherished dream of teachers and
students of the subject at higher secondary level.

Electronics is a very highly demanded discipline in the modern
era. It is a growing science which aims to make a difference in the
world by dealing with technology advanced in all places and at all
times. The rapid development of Electronics extremely influences
the lifestyle of every human being and causes to improve the
facilities in all fields of life. The tremendous career and research
opportunities in the field of Electronics engineering and technology
worldwide encourage many of the science students to go for their
higher studies in this field. Moreover it is worthwhile if the study
of science and technology in school level supports students in skill
acquisition and develops aptitude towards entrepreneurship. These
are some of the facts which led to the introduction of Electronics as
an optional subject for higher secondary level. The students can
utilize the knowledge acquired from the classroom to design and
develop innovative devices to be used in various situations in their
day to day life. I am sure that the study of Electronics at higher
secondary level will be a stepping stone for students to enter the
vast and amazing world of technology.

This textbook is the result of a combined effort of a team of
practicing teachers and experts in Electronics in the state of
Kerala. I hope that the students of this subject would make full use
of the inputs offered in the book.

Wish you all success.

Dr P. A. Fathima
Director
SCERT; Kerala
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INTRODUCTION TO
ELECTRONICS

INTRODUCTION
INTRODUCTION Have you ever thought about the importance of
1.1 WHAT IS ELECTRONICS 2 elec-tr01_1ics n our dai_ly lile? The elec-troni_c‘ c!evic-es
and their usages have influenced our daily life in such
1.2 HISTORY OF ELECTRONICS a way that it is impossible to spend even a few hours
1.3 APPLICATIONS OF ELECTRONICS without them. nght from the bt‘-gil’ll’liﬂg ofthe day

till the time we go to bed., we use a large number of

1.4 ELECTRONIC COMPONENTS - ACTIVE  cijectronic gadgets to simplify our work and to solve

& PASSIVE our problems. From small alarm watches to the

15 RESISTORS complex computers, from mobile to the camcorders,

from kitchen to toilet, from bedroom to office,

W ARl everywhere clectronic items can be seen. It scems
1.7 INDUCTORS that they are omnipresent.

18 TRANSFORMER Why have we become so dependent on clectronics?
The answer is very simple. They simplity our daily
activities and lilestyle. Let us take the example ol
mobile phone. Tt has changed (he delinition of
communication. In the beginning of the history of
telephone system, no one would have imagined a
combination of talking and walking.' The invention
of mobile phones has made talking while walking
possible.

CD drives, DVD players, record players, stereos
and tape recorders are the result of the advancement
in electronic technology in the last few decades. With
the use of headphones, music can be heard without
disturbing the people nearby.

The introduction of clectronic technology in cameras
has completely changed the history of photography.
A digital camcra is now available at an affordable
price. The cell phones now include a [airly
sophisticated digital camera thal can capture still
pictures and even video pictures. The videos and
pictures can be easily transferred to a computer,
where they can be saved, shared on internet or
printed out in hard form. Such pictures taken from a
camera can be edited, cropped, enhanced or enlarged
easily with the help of electronics.
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Even our kitchens are equipped with electronic equipment, from water coolers to microwave
ovens. Doctors and scientists have found new uses of electronic systems in the diagnosis and
treatment of various diseases. Equipment such as MRL, C'1"and the X-rays rely on electronics
in order to do their work quickly and accurately.

Activitiy 1

Prepare a list of electronic equipment that are used in your day to
day life. The figure 1.1 will help you to do this activity.

Iig 1.1 Some applications ol electronics in daily life

» Have you realized that electronics plays a very important role in
your daily life?

* Do you wonder about the rapid development of electronic equipment
in every field of life?

1.1 WHATISELECTRONICS?

The clectronic cquipment mentioned in the previous section have several clectronic components
in it like resistors, inductors, capacitors, diodes, transistors, [Cs, elc. The components like diodes,
transistors and TCs are made up ol semiconductor materials, The working ofthese components
1s based on the amount and direction ol current lowing through them,

The word electronics means -'pertaining to electrons'. Llectronics can be delined as the branch
ol'science and engineering which deals with the controlled low ol electrons through vacuum,
gas or semiconductors,

-~
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Compared to the more established branches of engineering - civil, mechanical and electrical.
electronics is a newcomer. Until around 1960, it was considered as an integral part of electrical
engineering. But due to the tremendous advancement over the last few decades, electronics
has now gained its own place. The advancement has been so fast that many sub-branches of
electronics - such as Computer Science Engineering, Communication Engineering, Control and
Instrumentation Engineering and Information Technology - are now full-fledged courses in many

universitics.
1.2 HISTORY OFELECTRONICS
Invention of Vacuum Tubes

Electronics took birth in 1897 when J.A.
Fleming developed a vacuum diode. Useful
clectronics came in 1906 when vacuum
triode was invented by Lee De Iorest. This
device could amplify clectrical signals. Later,
around 1925, tetrode and pentode vacuum
tubes were developed. These tubes
dominated the field olelectronics till the end
of World War 11.

Invention of Transistor

The era ol semiconduclor electronics began
with the invention ol'the junction transistor
in 1948 at Bell Laboratories. Soon, the
transistors replaced the bulky vacuum tubes
in different electronic circuits. The tubes had
major limitations: power was consumed even
when they were not in use and filaments
burnt out, requiring frequent tube
replacements. By now, vacuum tubes have
become obsolete.

John Bardeen, Walter Brattain and William
Shockley were awarded the Nobel Prize in
Physics in 1956 for the invention of transistor.

A vacuum tube, electron Eg
tube ar thermionic valve i :
a device controlling electric |
current through a vacuum |
in a sealed container. The
container is often made
with thintransparent glass
in a roughly cylindrical
shape. The simplest vacuum
tube, the diode, is similar to
an incandescent light bulb with an added
electrode inside. When the bulb's filament is
heated red-hot, electrons leave its surface
into the vacuum inside the bulb. If the
electrode-called a "plate” or "anode"-is made
mare positive than the hot filament, a direct
current flows through the vacuum to the
electrode.

Sir John Ambrose
Fleming

As the current flows only in one direction, it is
possible to convert an alternating current
applied to the filament to direct current. As
electrodes are added, these devices can be
used for various other applications. Tubes with
three electrodes are known as triodes, that
with four as tetrodes and five as pentodes.

Diode Triode Tetrode Pentode

@ P @ &
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Earlier, the transistors were made of germanium, as it was easier to purify. In 1954, silicon
transistors were developed. These afforded operations up to 200°C, whereas germanium device
could work well only up to about 75°C. Today, almost all semiconductor devices are fabricated
using silicon.

Invention of the Integrated Circuits (IC)

1n 1958, Jack Kilby conceived the concept of building an entire electronic circuit on a single
semiconductor chip. Later, all active and passive components and their interconnections could
be integrated on a single chip. This drastically reduced the size and weight, as well as the cost
of electronic equipment.

The following approximate data give some indication of the increasing
component count per chip of area 3 x 5 mm? and thickness comparable with
human hair.

1951 - Discrete transistors

1960 - Small-Scale Integration {SSI), fewer than 100
transistors.

1966 - Medium-Scale Integration (MSI}, 100 to 1000
transistors.

1969 - Llarge-Scale Integration (LS1), 1000 to 10000
transistors.

1975 - Very-Large-Scale Integration (VLSI}, more
than 10000 transistors. Jack Kilby

1994 - Ultra-large-scale integration (ULSI) more than 1 million transistors.

2012 - INTEL introduced a computer processor chip (62-Core Xegn Phi)
containing 5,000,000,000 transistors

B " e o

FAEE

IR R |
IIJIHM. y ‘.

1.3 APPLICATIONS OF ELECTRONICS

Electronics plays an important role in almost every sphere of our life. Electronics has penetrated
in every field from an ordinary wrist watch to super computers; from telephone repeaters
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buried deep under sea to the satellites far out in space; from the control of modern household
appliances to the control of super tankers carrying cargo across the sea.

Communication and Entertainment

The progress of a nation depends upon the availability of cheaper and faster means of
communication. The main application of electronics in the beginning was in the field of telephony
and telegraphy. These utilize a pair of wires as communication channel. Later it was possible to
transmit any message from one place to another without wires (wireless communication). Satellite
communication has reduced the distance between people and places.

Sir Jagadish Chandra Bose {30 November 1858 - 23 November
1937) was a Bengali physicist, biologist, botanist, archaeologist,
as well as an early writer of science fiction, He pioneered the
investigation of radio and microwave optics, made very
significant contributions to plant science and laid the
foundations of experimental science in the Indian
subcontinent.

Achievements of Sir J. C. Bose in the field of communication

o Heinvented the Mercury Coherer {together with the telephone receiver) used
by Guglielmo Marconi to receive the radio signal in his first transatlantic radio
communication over a distance of 2000 miles from Poldhu, UK to
Newfoundland, St. Johns in December 1901.

¢ In 1885, he gave his first public demonstration of electromagnetic waves, using
them to ring a bell remotely and to explode some gunpowder. He sent an
electromagnetic wave across 75 feet passing through walls of the room and
body of the Chairman, Lieutenant Governor of Bengal.

o He holds the first patent worldwide to detect EM waves using solid-state
diode detector.

o He was a pioneer in the field of microwave devices.

Radio and TV broadcasting provide a means ol” both communication as well as entertainment.
Tlectronic gadgets like tape recorders, music and video players, stereo systems, public address
systems, etc. are widely used for entertainment.

Applications in Defence sector

Tn a war, success or deleat ol'a nation depends on the reliability ol'its communication system. In
modern warfiare, communication is almost entirely electronic. Guided missiles are completely
controlled by electronic circuits.

One of the most important developments during World War 1l was the RADAR (Radio
Amplification Detection And Ranging). By using RADAR it is possible not only to detect, but
also to find the exact location of the enemy aircraft. The anti-aircraft guns can then be accurately
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directed to shoot down the aircraft. In fact the RADAR and anti-aircraft guns can be linked by
an automatic control system to make a complete unit.

Apphcattons of electromcs in defence: Mfssdes RADARS
warplane and communication setup

Instrumentation

Instrumentation plays a very important role in any industry and rescarch organisation. for precise
measurement ol various quantities, Very accurate and user-(riendly instruments like digital
voltimeter (DVM), cathode ray oscilloscope (CRO), [requency counter, signal generator, strain
gauge, pH-meter, spectrum analysers, elc. are some ol'1he electronic equipment without which
no research laboratory is complete.

Medical Electronics

> Virtusl Environment
Palpategram (MRE} for Heurology [VEN]

Bahy MRI Magnetic Brain-vision Training
Resonance Dewice (BTO)
o i Imaging {(MR1)
i ok Pathologic Neuro-
DHA- etry b RIS One E‘“‘“’""’
e NN mm
BME

{DMAS)

Thermal Theragy ﬁmum &
Devices [TTAD) for Surgical

15 Applieations
Virtual ml({mcopriof
tele-pathology (HSVM) r ﬁ
£ EI Therapeutic

][ \ j’q Regulation
| ASTREtelecare system [AT5) Mattre ss (TTRAM] -

Hig 1.2
Some applications ol clectronics in Medical lield

-
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Electronic equipment are being used extensively in medical field. They not only assist in diagnosis

but also help in the researches that provide treatment and cure for illnesses and even genetic

anomalies. Examples are Electron microscope, ECG EEG X -rays, defibrillator, oscilloscopes.

MRI, CT scanner, glucometer, etc. Some of the instruments are shown in the fig. 1.2.
Activity 2

Prepare a list of electrotic devices that ave used ti medical field. Mention
therr applications also.

«  Doyou know which instruments are used to determine the condition
of heart of a patient?

o Whicl instrument is used fo take pichires of the internal bone
structure of a patient?

Applications in Industries

Use of automatic control systems in different industries is increasing day by day. The thickness,
quality and weight of a material can be easily controlled by electronic circuits. Electronic circuits
are used to control the operations of automatic door openers, lighting systems, power systems,
safety devices, etc.

Use of computer has made the ticket reservations in railways and airways simple and convenient.
Even the power stations, which generate thousands of megawatts of clectricity, are controlled
by clectronic circuits.

Applications in Automobiles

Several electronic equipment are used in cars tor charging battery, enabling power assisting
functions, measuring gauges and monitoring and controlling the engine performance. The most
important application is clectronic ignition. which provides better timing of the ignition spark,
especially at high speeds.

Automobile industry is onc of the fastest growing scctors in the world. The end uscrs arc
demanding greater luel elficiency, security and salety. This is possible because ol the rapid
developmentin the technology. Other areas ol application in automebile are parking sensors,
aulo wipers, auto lights, saflety (eg. Air bags), security, anti-lheli systems, etc.

Consumer Electronics

We use fans in our home, class rooms, library, elc. You are familiar wilh the electronic regulators
used with them. Have you ever thought ol the mechanism behind that? Here we use an
electronic component known as TRTAC to control the speed ol the [an, The speed ol'the (an is
directly proportional to the electric power reaching the motor. The regulator controls the speed
by controlling the electric power. The regulator controls electric power according to the position
of the knob. Special electronic components like Silicon Controlled Rectifiers (SCRs) are used in
the speed-control of motors, power rectitiers and inverters.
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ELECTRONICS INSIDE A CAR

Engine : The engine is the heart of a car. The circuit that automates the
amount of fuel that should enter the engine is governed by the
Electronic Control Unit (ECU}. It decides the amount of fuel to be
injected inside the engine with the help of the pressure sensor,
throttle position sensor, oxygen sensor, fuel injector, etc. The main
aim of using the ECU is to increase the fuel efficiency of a car.

Transmission : Typically, there are two types of transmission used in cars - manual
and automatic, also known as manual gearing or automatic gearing.
Electronics plays a more significant role in automatic-transmission.
Herein, the automatic transmission of a car is controlled by the
Transmission Control Unit {TCU). The TCU collects information fram
the sensors attached to the vehicle. It further uses the data to do
gear shifting at the right time, which helps to increase the car's
performance.

Brakes : Anti-lock Brake Systems (ABS) are becoming increasingly popular
in cars. This system helps to stop the car faster without losing the
balance. The ABS has four major parts- speed sensors, controllers,
valves and pump. The first two utilizes electronic circuits.

Dashboard :The dashboard basically contains panels that show the readings of
the different sensors. It gives indication of the fuel level, the speed
at which the car is running, the information regarding the oil level,
the neutral state of car, etc. The dashboard of a car can also have
the GPS, audio systems, air-conditioner controls, etc.

Home appliances are used 24 hours a day, 7 days a week. [t includes personal computers,
telephones, audio equipment, televisions, calculators, washing machines, DVD players, etc.
Some home appliances are shown in the fig. 1.3.

Fig 1.3 (a) Washing machine (b) TV (¢} Radio {d} Mobile Phone
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Activity 3
Prepare a list of electronic equipment that you know like those given
below and classify them according to their fields of applications

eg. Radio, Television, Home theatre, Radar, X ray, ECG, Electric Piano,
Traffic control.

1.4 ELECTRONIC COMPONENTS-ACTIVE AND PASSIVE

Electronic components can be broadly classiticd into active and passive components. Active
Components arc clectronic components which arc capable of amplifying or processing an
electrical signal, e.g.: Diodes, Transistors, elc. Passive Components are electronic components
which are not capable ol amplilying or processing an electrical signal, e.g.: resistors, capacitors
and inductors.

1.5 RESISTORS

A resistor is a two terminal component which provides resistance to the flow of current in a
circuil. The symbols are shown in fig. 1.4,

All resistors have power ratings. It is the maximum power that can be dissipated without damaging

the component. Thus, a | watt resistor with a resistance of 100 £2 can pass a maximum current
of 100 mA.

The size of a resistor is usually bigger if its wattage rating is higher, so as to withstand higher
power dissipation. Resistors can be broadly classified into two groups-fixed and variable.

— W —

R Fig 1.4 Symbols of Resistor R

Fixed Resistors

A fixed resistor is onc for which the value of its resistance is specified and cannot be varied in
general. These resisiors may be carbon-composition resistors, carbon (ilm resistors or wire

wound resislors.
I

Connecting Leads
Carbon composition resistor
The resistive material in carbon composition
resistor is ol carbon-clay composition. The o
Insulating Material Carbon Mixture

iwo materials are mixed in the proportions [ .
needed (or the desired value of the resistor. A
The value of the resistor is directly T

proportional to the amount of the mixture.

The resistor element is enclosed in a plastic
case as shown in figure, for insulation and Fig 1.5 Carbon composition Resistor
mechanical strength.
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The leads are made of tinned copper. Resistors of this type are readily available in values
ranging from a fow ohms to about 22 M €2, with tolerance range of 5 to 20 % , and wattage
ratings of Y4 W, V2 W1 Wand 2W.

Carbon film resistors

Carbon film resistors are madc by depositing a homogencous film of purc carbon over a glass,
ceramic or other insulating core. [ts basic structure is shown in fig. 1.6.

Desired valucs arc obtained by cither trimming the layer thickness or by cutting helical grooves
of suitable pitch along its length. During this process the value of resistance is monitored
constantly. The cutting of grooves is stopped as soon as the desired value of resistance is
obtained. Contact caps are lixed on both ends. This type ol [ilm resistor is sometimes called
precision Lype as it can be obtained with olerance ol'+1 %.

Wire wound resistor

Carbon film

End cap 1 Insulating coating
Metal lead | oy

11
1
IT
1]

Ceramic rod
Fig 1.6 Carbon Film Resistor

When ratings of morc than 1 watt arc required, we generally use wire wound resistors. It uscs
a resistance wire such as nichrome. A thin nichrome wire is wound on a ccramic or porcclain
core. The ends ol the wire are atlached Lo metal pieces

inserled in the core. Tinned copper wire leads are /i e g

atlached to (hese metal pieces. This assembly is coated g i R B

with enamel containing powdered glass. These kb e

resistors arc available in the range of 1 Q2 to 100k Q2|

and powecr ratings up to about 200 W. .
TFig 1.7 Wire wound Resistor

Colour coding of Resistors

Carbon-composition and carbon film resistors are small
in size. [thecomes almost impossible to print the ratings
on their body. Therefore, a standard colour coding is
used to indicate the ratings.

The resistance is given in the form of four (or five)
celoured signs (or bands) painted on the body. The
coloured bands are always read from lefi to right from
the end that has the bands closer (o i1, as shown in Tolerance
Fig. 1.8. 2nd Band Multiplier

Fig 1.8 Colour coding of Resistors
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The first and second colour bands represent the first and second numbers (significant digits) of
the resistance value. The third band indicates the multiplication factor. The fourth band represents
tolerance. It is a measure of the precision with which the resistor was manufactured. In case
the fourth band is not present, the tolerance is assumed £20 %. Resistance value calculation

from colour coding is shown in Fig 1.9.

Colour Significant Multiplier Tolerance
figures

Black

Brown

Red

Yellow

White 9 x10° -

Silver =

None -

Fig 1.9 Colour Coding Table
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For example a resistor has a colour band sequence: yellow, violet, orange and gold. With the
help of the colour coding table in Fig. 1.9, we can calculate the value ofthis resistor as shown in
the table below.

1* band 2% band 3 band 4" band Value
Yellow Violet Orange Gold
4 7 10 +5% 47k £ £ 5%

Now 5% ol 47k £2 i3 2.35k £2. Therelore, the resistance should be within the range 47 k(2 +
2.35k€2, or between 44.65 k€2 and 49.35k Q2.

In most electronic circuits, it is not necessary to use resistors of exact values. The circuit works
satisfactorily even if the resistances differ from the designed values by as much as +20 %.
Therefore, we don't have to manufacture resistors ot all values.

In the case of five band coding, the first three colour bands represent the significant digits,
fourth band for the multiplication factor and fifth band for tolerance.

Standard values of commercially available resistors (with 10% tolerance)

Ohms (Q) Kilohms (k) Megohms (MQ)
10 10 100 1.0 10 100 1.0 10
12 12 120 1.2 12 120 1.2 12
15 15 150 1.5 15 150 1.5 15
18 18 180 18 18 180 18 18
22 22 20 22 22 220 22 22
27 21 20 21 21 210 2.7
33 33 330 33 33 330 33
39 39 39 39 39 3% 39
47 47 470 47 4 470 4.7
56 56 560 56 56 560 5.6
68 68 680 68 63 680 6.8
82 82 820 82 82 82 8.2
Check your progress

1. We need a resistor of 4.7€2 with 5 % tolerance. Find the
sequence of the colour band on the resistor.

2, Avresistor has a colour band sequence: red, red, green, yellow
and silver, Find the range in which its value lies as per
manufacturer's tolerance.

Variable Resistors

In electronic circuils, sometimes it becomes necessary 1o adjust the values ol currents and
vollages while the equipment is in use. For example, it 13 ofien desired (o change the volume ol
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sound, the brightness of a television picture. etc. Variable resistors can be used to do such
adjustments.

Big size variable resistors are usually called rheostats. In electronic circuits, we use small size
variable resistors, and they are called potentiometers (usually abbreviated to 'pots”). The symbol
for potentiometer is given in Fig. 1.10 (a). The arrow indicates the movable contact. The
moving contact is used to vary
the value of resistance in the Resistance wire

. N . winding
circuit. Some have wire wound

resistance as their primary = ' Shaft
clements, while others have a E .-
. Rotating oy

carbon film clement. Tigure contact
1.10{(b) shows the bagic
conslruction of'a wire wound pot.
A resistance wire is wound over (@) (b)
a dough-shaped core of Bakelite
or Ceramic. There is a rotating
shaft at the centre of the core.
The shaft moves an arm and a contact point from end to end of the resistance element. The
outer two terminals are the end points of the resistance element and the middle leads to the
rotating contact.

. Terminals

TFig 1.10 Potentiometer
(a) Symbol (b) Basic construction ol'a wire wound potentiometer

(a) (b)

Fig 1.11 Wirc wound potentiometer  {a) Lincar (b} Non lincar

The variation of resistance in a potentiometer can be either linear or nonlinear. As shown in
Figure 1.11(a), the linear type has the core (or former) of uniform height and that is why the
resistance varies linearly with the rotation of contact. In a nonlinear potentiometer fig 1.11(b),
the height of the former is not uniform. The core of the non-lincar type is made tfrom a tapered
strip. The pots used as volume control in radio, tape recorders, cte. arc generally of nonlincar
type (with logarithmic variation).

1.6 CAPACITORS

. |

o - - |
A capacitor can store clectrical encrgy in its clectric \\\ + _ {::;,--- ~\ * , ;//
ficld. and releasc it whenever desired. A capacitor “~ & Ol i Y
opposcs any change in the potential differcnce Jq_* 24 '.I_'____-: ~ 0 P~
applied across its tenminals. The capacilance ola YA '. \\:L""""",J;”' \\\\
capacilor is measured in farads (F). Capacilors / T 1 \\‘“‘*"’;/ ’ﬁ

vary in shape and size, but the basic conliguration
is two conductors separated by an insulating

. Fig 1.12 Basic conliguration ol'a capacitor.
medium.
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1n the uncharged state, the charge on both of the conductors in a capacitor is zero. A capacitor
can be charged by connecting a battery across it. During the charging process, a4 charge () is
moved from one conductor to the other, giving one conductor a charge +Q . and the other one a
charge -Q. A potential difference is created, with the positively charged conductor at a higher
potential than the negatively charged conductor. Note that whether charged or uncharged, the
net charge on the capacitor as a whole is zero.

The simplest example of a capacitor consists of two // 70
conducting plates of area A, which are parallel to each other, £ J
and scparated by a distance d, as shown in Figure 1.13. . &4

In a capacitor the plates arc separated by an insulating 9 \\ ¢

material known as a diclectric. The factors aftecting =3
capacitance of a capacitor arc diclectric material, arca of
the plate, thickness ol the dielectric and the distance between
the plates.

Fig 1.13 Parallel-plate capacitor

All other [actors being equal, larger plate area gives higher capacitance. This is because larger
plate area results in more charge (o be collecled on the plates for a given vollage across the
plates. Closer plate spacing gives higher capacilance and larger plate spacing gives less
capacitance. The higher permittivity of the dielectric gives larger capacitance and less permittivity
gives less capacitance.

The capacitance of any parallel-plate capacitor can be calculated by the formula;

_eA
d

Where C is capacitance in farads and ¢ is permittivity of the dielectric.

C 1.1

Experiments show that the amount of charge Q stored in a capacitor is directly proportional to
the electric potential difference (V) between the plates.

Q=CV  .iiinns 1.2
Figure 1.14(a) shows the symbol which is used to represent capacitors in circuits. For a polarized
capacitor (usually called electrolytic capacitor) which has a definite polarity, figure 1.14(b) is
sometimes used. Figure 1.14 (¢) is used to represent a variable capacitor.

Similar to resistor, a capacitor offers resistance J— ﬂ— — _é
to a signal passing through it. This is known as I I 7
capacitive reactance. Capacitive reactance is

given as: (a) Normal  (b) Electrolytic (c) Variable

1 i

Xc = oc  znrC cerverrenieennen 1.3 Fig 1.14 Capacitor symbols

Where Xc is the capacitive reactance, (0 is the angular frequencey, fis the frequency in [lertz,

and C is the capacitance. The unit ol capacitive reactance is €2 Tt is clear from the above
equation that the reaclance ol'a capacitor increases with decreasing [requency.

-~
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Atzero frequency (DC)! the capacitor has an infinite resistance and hence behaves as an open
circuit. So a low frequency signal will not pass through it. At high frequency, the capacitive
reactance becomes very low and the capacitor acts almost as a short circuit. That is a high
frequency signal will pass through the capacitor. From this it is clear that a capacitor blocks DC
while passes AC? signal. So, capacitors are used to couple AC voltage from one circuit to
another and block DC voltage from reaching the next circuit.

Like resistors, capacitors can either be fixed or variable. Some of the most commonly used
fixed capacitors are mica, ceramic, paper, and electrolytic. Variable capacitors are mostly air-
gang capacitors.

Fixed Capacitors

} ] Metal foil
Mica capacitors (plates) m
Mica capacitors are made from plates of I
aluminium foil separated by sheets ot mica, I — Mica -
as shown in Tig. 1.15. The plates arc —_— (dielectric)

connected to two clectrodes. The mica
capacitors have exeellent characteristics
even under temperature variations and
high voltage applications. Available
capacitors range from 5 o 10° pF. Mica Fig 1.15 Construction of mica capacitor
capacitors can be used upto 500 V.

Ceramic capacitors

A ceramic capacitor consists ol'ametal such as copper
or silver coated on two sides of a ceramic disc. These
coatings act as two plates. After attaching tinned-wire
leads, the entire unit is coated with plastic and marked
with its capacitance value either using numerals or colour
code. The colour coding is similar to that used for |
resistances. Ceramic capacitors are very versatile. Their
working voltage ranges from 3 V (for usc in transistors)
up to 6000 V. The capacitance valuc ranges from 3 plf

toabout3 u k. Fig 1.16 Ceramic disk capacitos

Paper capacitors

This capacitor consists of two metal foils separated by strips of paper. This paper is impregnated
with a diclectric material such as wax, plastic or oil. Since paper can be rolled between two
metal toils, it is possible to concentrate a large plate arca in a small volume.

Paper capacitors have capacitances ranging from 0.0005 #t | to several e F, and are rated
[rom about 100 V 1o several thousand volts. They can be used for both DC and AC circuits.

1. DC iy the abbreviation of divect curvent. Whena DC voltage iy applied across a circut the current alweays
flows in the same direction. Frequency is number of cveles per second. So DO voliage has zero frequency.

2. AC s adternating current wiich when applied across a civeuis, the curvent changes its direction
periodically
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Paper (dielectric) Aluiminium foil (conductor)

=

Fig 1.17 Paper Capacitors

Electrolytic capacitors

An electrolytic capacitor consists of an aluminium-foil electrode
which has an aluminium-oxide film covering on one side. The
aluminium plate serves as the positive plate and the oxide as the
dielectric. The oxide is in contact with a paper or gauze saturated
with an electrolyte. The electrolyte forms the negative plate ofthe
capacitor. Another layer of aluminium without the oxide coating is
also provided for making clectrical contact between onc of the
terminals and the clectrolyte. In most cascs, the negative plateis  Fig 1.18 Electrolytic
dircctly connected to the metallic container of the capacitor. The capacitor
container then serves as the negative lerminal for extlernal

connections,

The aluminium oxide layer is very thin. Therelore, the capacilor has a large capacitance ina
small volume. Tt has high capacitance-to-size ralio. The terminals are marked +ve and -ve. The
capacitance value may range from 1 # [ to several thousand micro farads. The voltage ratings
may range from 1 V to 500 V.

Variable capacitors

In some circuits, il is necessary 1o change the value of
capacitance (e.g. tuning circuit used in radios to select
different channels). This is done by means of a variable
capacitor. The most common variable capacitor is the air-
gang capacitor, shown in Fig. 1.19. The dielectric for this
capacitor is air. By rotating the shaft at one end, we can
change the common area between the movable and fixed set
of plates. The greater the common arca, the larger the
capacitance.

Fig 1.19 Air-gang capacitor

In some applications, the uscr nced not vary the capacitance (variablc)

value frequently. One setting is sufficient tor all normal
opcrations. In such situations, we usc a variable capacitor called a trimmer (sometimes called
padder). Both mica and ceramic are used as the dielectric for trimmer capacitors (Fig. 1.20).
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Adjusting

sCrew
Mica
pd

pa——
Plales Caramic
base
Fig 1,20 Basic construction of a mica trimmer

1.7 INDUCTORS

An inductor is a device that stores electrical energy in the magnetic field surrounding it. Tnductance
is the property ol a coil (the inductlor) to oppose a change in current. Inits simplest [orm, an
inductor consists of'a wire loop or ¢oil. The inductance ofan inductor is directly proportional (o
the number of turns in the coil. Inductance also depends on the radius of the coil and on the type
of material (core) around which the coil is wound. The schematic symbols for inductors are
shown in figure 1.21. The unit of Inductance is henry (H).

Rivet

An inductor offers opposition to the passage ofany change in current through it. This opposition
is called inductive reactance. Inductive reactance is defined as:

X =wl=2xnL (1.4)
where X is the inductive reactance, @ is the angular frequency, tis the frequency in [ertz,
and [ 1s the inductance. The unit ol'inductive reactance is Ohim. The reactance ol'an inductor
increases with increase in frequency.

At zero frequency, the inductive reactance becomes zero and the inductor acts almost as a
short circuit. So low frequency signal will pass through it. At high frequency, the inductor has
high resistance and hence behaves as an open circuit. [t means that a high frequency signal will
not pass through an inductor. From this it is clear that an inductor blocks AC wherc as it passcs
DC signal. This is cxactly opposite to the function of a capacitor.

All inductors can be classitied into two categorics: fixed and variable. According to the
constructional features, inductors can be tfurther classified in to three: air core inductor, iron
core inductor and [errite core inductor, Air core inductor is made ol thin copper wire wound
without any core. Tt has low value inductance ol the range milli and micre henry,

Tron core inductor 1s made of copper wire wound over a laminaled iron core. Tron core inductors
are very suilable [or audio frequency applications,

Ferrite core inductor is made of copper wire wound on a solid core made of ferromagnetic
malerial called ferrite. In variable type lerrite core inductors, the [errite core is made movable
in and out of the coil. When the core is completely inside the inductor, the inductance value is
maximum. It is used for high frequency applications.

(a) Aircore (b) [ron core (¢) Ferrite core
Fig 1.21 Symbols of Inductors
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Inductors are used in different frequency ranges

Chokes which are used in smoothing the pulsating voltage produced by rectifying
AC(50 Hz) into DC are called filter chokes. The range of inductance is normally from
5 to 20 H. A filter choke has many turns of wire wound on iron core. They are usually
fixed value inductors.

Audio frequency chokes {AFCs) are used for audio frequency application (20 Hz to
20kHz). Compared to filter chokes, they are smallerin size
and have lower resistance.

Radio frequency chokes (RFCs) are variable type inductors
used in high frequency applications {more than 20 kHz). It
has a shaft attached to its core so that the inductance can
be varied by tuning it, as shownin Fig, 1.19. RFCs are having
a low inductance value of the order of micro Henry.

1.8 TRANSFORMER

Atransformer is similar in appearance to an inductor. 1t consists of two inductors having same
core (Fig. 1.22). One of these inductors, or windings, is called primary. The other is called
secondary. When an alternating current is applied at the primary, an induced voltage appears in
the secondary. In a step up transformer, the number of turns in the secondary is more than that
in the primary, so the secondary voltage is more than the primary. [t the number of turns in the
sccondary is less than that in the primary, the voltage will be stepped down. Such transformers
arc called step down transformers

iron
core

primary
coil
> -

secondary
coil

220

volts

110

volts

(a)

primary
coil
E— ’ 4

220 ﬂ 110

volts vaolts

(b) (©

secondary
coil

Fig 1,22 a) Step up transformer b} Step down transformer ¢) picture of 4 low power transformer
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Llectronics is an integral part ol every lield ol life. The invention ol transislors is amajor
urning point in the development ol electronics, Tntegrated circuils and their development
through S81, LSIL, VLSI technologies led to the fast growth of electronics in all fields.
Communication and entertaimment, defence, control and instrumentation, medical, industrial
applications, automobiles, home appliances, ete. are some of the fields of applications of
¢lectronics. Electronic components are classified into passive and active components.
There are various types of resistors, capacitors and inductors which are used for various
applications. The value of resistors can be found using colour coding. A capacitor passes
AC and blocks DC but an inductor passcs DC and blocks AC.

Learning outcomes

The learner is able to
e  Explain the origin and history of development of electronics.

e  Pointoul the significance ol electronics in day to day lile.

e  Classily the applications ol electronics into various lields.

e  Identily the basic components in electronics.,

e  Classily the important components in electronics as aclive and passive.

o  Rccognize resistors, capacitors and inductors of various types from their physical
appearance.

e  Identily the value ol resistors using their colour coding.
o  Draw the symbols of difterent active and passive components.

o  Explain the specifications of various types of resistors, capacitors and inductors.

What's the best strategy for learning circuits/electrical
engineering as a hobby?

1y Investinasoldering iron and practice soldering until it becomes

p— second nature.
| ' e 2y Get some more hardware like breadboards, wire clippers, etc.
A HObbY_ 3)  Subscribe magazines or purchase books, that not only provide
¥electronics you with schematics for simple circuitry, but also take you on
‘B a component walk-through, explaining the purpose for each
.. W 9 part. You can likely find the books advertised in the magazines.

Read more: http://www.physicsforums.com

http://www.epanorama.net/
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€valuation items

S

Multiple choice questions

l.

10.

A is a circuil element which takes energy [rom driving source and
doesnotreturnit.

{a) capacitor (b}resistor (c¢)inductor (d}diode
Lixample of'an active device is
(a) clectric bulb (b) diode (¢} transformer (d) loud speaker

A ig a circuit clement that stores encrgy in a magnetic ticld and
returns it.

(a) capacitor (b)resistor (¢) zenerdiode (d) inductor
A 100 g1 F capacitor is required in an electronic circuit. Such a large value of
capacitance is possiblc if the capacitor is a/an

(a) ccramic capacitor (b} mica capacitor {¢} clectrolytic capacitor
(d) paper capacitor

A resistor has a colour band sequence: brown, black, green and gold. Its value is

(1) 1kQ £10% (b) IMCQ £5% (¢) I0KCQ £35% (d) 1 ML + 10%

A 1§ the circuit element that stores energy in an electric field and
returns it.

(a) resistor (b) inductor {¢) capacitor (d) none of these

With the help ola RADAR we can

{a} perform mathematical calculations very [ast

(b) listen to more melodious music

{c) detect the presence ol an aircrallas well as locate ils position

(d) curc the damaged tissucs in the human body.

The colour bands on a fixed carbon resistor are brown, red, black( given sequentially).
Its value is

(1) 12 Q2 (b)21 £2 (c)120 Q2 (d)210 Q2

The term 1C used in electronics denotes

{a) Indian culture (b) integrated circuits (¢} intermal combustion (d) indusirial
control

Which one of the following is used as a passive component in electronic circuits.
{a) Vacuum triode (b} transistor {c }resistor (d) field elTect transistor (FIET)

Answer key
Db 2)b  3)d dc b 6)c )¢ 8a NHb 10
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Descriptive type questions

oW =

10.

11.

12.

14.
15.
16.

Our daily lifc is influenced by clectronics. Justify.
Differentiate between active devices and passive devices.
What is meant by RADAR?

Write at least three applications of electronics in the field of
(a) communication and entertainment

(b) defence

(¢) medical sciences.

What is meant by tolerance in resistors?

Explain constructional features of a carbon composition resistor. What is the wattage
rating for carbon composition resistors?

Describe different types of potentiometers.

Wrile short notes on

(a) capacilor

(byinductor,

Lixplain the applications ol capacitors,

What forms the diclectric of an clectrolytic capacitor? Why is the electrolytic
capacitor polarized?

What are the specilications ol a capacitor? Stale the lactors allecting the
capacilance ol 'a capacitor.

When you adjust the volume control knob ol your radio receiver, which component
is varied mside the sel?

[ixplain briefly the diflerence belween air- gang (variable) and (rimmer capacitors.
What is an inductor? What is the unit ol inductance?

Classity the inductors and cxplain bricfly.

Name a few active components used in electronic circuits.
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INTRODUCTION
ELECTRIC CURRENT
THE VOLTAGE
ELECTRIC POWER
OHM'S LAW

SERIES AND PARALLEL
COMBINATION OF RESISTORS

COMBINATION OF CAPACITORS
KIRCHOFF'S LAWS

VOLTAGE SOURCES

CURRENT SQURCES

DIRECT CURRENT AND
ALTERNATING CURRENT

FREQUENCY, TIME PERIOD AND
PHASE ANGLE

CONCEPT OF IMPEDANCE

ELECTRICAL
FUNDAMENTALS

INTRODUCTION

We know that electronics has become an integral
partolourlile, through its vast range olapplications.
Inthe forthcoming chapters we will go through the
basic concepts of semiconductors, electronic
devices like diodes, transistors and other special
devices. basic circuits of rectifiers, amplifiers and
oscillators, fundamentals of digital electronics and
measuring devices. Belore that. let us go through
the basic concepts of electricity, which is the source
ot energy that makes all electronic devices work.
To begin with we shall look into what ¢lectric
current, voltage and power are, how electric current
is maintained through a conductor and how the
electric current varies according to the change in
potential difference. We shall also discuss the
resistors and capacitors and the effect of series and
parallel combinations of them. Further on, we will
see how to find the voltage across and the current
through different components in electrical circuits
with the help of Ohm's law and Kircholl's law.

2.1, ELECTRIC CURRENT

(an you say. what actually happens when you press
the switch of a torch light? The basic arrangement
inside a torch 1s as shown in fig. 2.1. When the
switch 'S'is closed (switch pressed), electric current

l_(tﬁ_l

S v
Fig 2.1 Simple electric cireuit
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flows through the circuit. The tlow of electric current makes the bulb glow. The direction of
clectric current is from positive terminal of the battery to the negative terminal of the battery.

Elcctric current flows from a higher potential point to a lower potential point. In casc of
battery, positive terminal is considered as at a higher potential compared to negative terminal.

'The clectric current or clectric current intensity is defined as the rate of flow of electric charges.
If qis the amount of charge that crosses any section of a conductor, in a time interval t, then
the current T is given by
Aq
1= —
At
The unit of electric current is Ampere (A). A current of one ampere equals a flow of 1
coulomb ol charge per second. Anuneter is the instrument used [or measuring electric current.

2.2, THE VOLTAGE

The voltage between two points is the work done (energy required) to move a unit positive
charge from one point to the other. It is also called as potential difference or electromotive
[orce (eml).

V:

o=

where
V - potential difference or voltage in volts
W - energy spentinjoules
Q - chargecincoulombs

Onc volt is defined as the potential differcnee between two points in an clectric circuit such
that one joule of work must be done to move a charge of one coulomb between the points.
Thus il an electric power line has a voltage o 220V, it [ollows that 220 J of work has to be
done totransler each coulomb ol electric charge through any apparatus connected between
the two wires.

1 Volt =1 Joule/coulomb or IV =1 J/C. Voltmeter is the instrument used for measuring
voltage.

2.3. ELECTRIC POWER

Electric power is the time rale ol doing work [or moving charges [rom one point to another. It
is represented by the symbol 'P' and the unit of power is 'watt'. "Watt' is practically defined as
the rate at which work is being done in acircuit in which a current of | ampere is flowing when
the voltage applicd is 1 volt,

T
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The electric power consumed by a
resistor is determined by the voltage
across itmultiplied by the current flowing
through it.

Power = Voltage x Current
P=VxlorP=VI
2.4.OHM'S LAW

We have seen that when potential
difference 1s more, the current increases.
[t can be said that at constant
temperature, the potential difference
across a conductor is directly

proportional to the electric current
throughit.

Ohm's law can be written as Voo I at
constant temperature

V/I=Conslant.

Tlus constant of proportionality is termexd
as the resistance of the conductor. Its
Slunitis ohm (£2).

Those conductors which obcy Ohm's
law arc called ohmic conductors.
Examples for non-ohmic conductors are
serniconductors.

2.5. SERIES AND PARALLEL
COMBINATION OF RESISTORS

Suppose for a certain circuit we require
a 200Q resistor, and for some other
circuil we need a 50€2 resistor. But we
have only 1002 resistors with us. How
can we solve this problem?

It is possible to get these values by
combining the available resistors.

Activity 1

Assemble two circuits as shown in fig 2.2 and
o 2.3,

P Q

Fig 2.2 Same potentials applied ar both the ends

M [m] N

3IV_—_

i
-
th
<

Fig 2.3 Unegual potentials applied at the ends

o What do you obscrve ?

e When the switches are closed, which bulb
glow and which does not?

o Think why these circuits behave
differently.

o Justify your observation

The bulb in the fig 2.2 does not glow since
there is no polential difference between the
points Pand O Inthe fig 2.3 potential applied
ut the terminals of buib (points M and N) are
different. So the current flows through the bulb
and it glows. Thus we can conclude that
electric current can be established through a
conductor only if there is a potential difference
across its ends. Now if the potential at 'M' is
increased, the bulb glows more and more
brightly due to higher current flow. Try to do
that.

ES(;QomIoaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

The two ways ol combining resisiors are
I.  Series Combination
2. Parallel Combination
Series Combination
Two or more resistors are said 1o be connected in series when they are connected in such a
way that the same current [lows through all those resistors. Consider three resistorsR|. R,
and R, connected in series and a voltage of *V’ volts is applied across itas in fig.2.4
W

VI

Ea Ea E=
WW—AWWWWA—WWW
vl 1ur2 Vg

Fig 2.4 Series combination of resistors

[n this circuit the current through cach resistor will be the same but the potential difference
across cach is different, It can be obtained using Ohm’s law,

Potential differencc across R |, V. = IR,
Potential difference across R, V., = IR,
Potential difference across R, V.= IR,

[f*V" isthe cffective potential drop and *R” the cffective resistance, then the cffective potential
ditference across the combination is

V=IR
'Total voltage across the combination is equal to the sum of the voltages across cach resistor.
V=V +V +V,
Substituting the values of voltage
IR = IR, + IR, + IR,
Eliminating I from all the terms, we get
R=R, +R,+R,

Thus the effective resistance of the serics combination of a number of resistors is cqual to the
sum ol the resistances ol individual resistors.
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Parallel Combination

R,
A number of resistors are said to be connected I
in parallcl when they arc connected in such a R,
way that the same voltage appears across each 3 ‘M’M
of those resistors. Consider three resistors R, I, R;

R, and R, are connecled in parallel across a
potential difference of V as infig 2.5.

Here, since all the resisiors are connected across
the same terminals, the potential differences
across all of the resistors arc cqual. But the
current will be different in each resistor and is I

T- ¥ : e ; _ ! . . - .
given by Ohm’s law. Fig 2.3 Para!}es’ combination of resistors

vV
Current through R, T, =R
]
v
Current through R, I,= 7~
v
Current throughR . I, = R

I'he total current through the combinationis 1= R where "R’ is the effective resistance of this
circuit.

The total current through the combination = the sum ol the currents through each ol the
resistors

[=1+1+1,
Substituting the values of currents, we get
v vV Yy \
—= ot o
R Rl Rz R:i

Eliminating V from all the terms we get
1 | | |
e —
R R'I R 2 R."s
Thus in parallel combination the reciprocal of the effective resistance is equal to the sum of'the

reciprocals of individual resistances. The cffective resistance in a parallel combination will be
smaller than the value of the smallest resistance.
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When only two resistors of values R, and R, are connected in parallel. the effective resistance

. ... R = RiR,
ol the combination is R, +R,

Check your progress

Find the total current flowing through the circuit in fig 2.6 and the
current through each of the resistors.

ﬂ\m
MMM

300 ©

Solution
'The resistors cach of value 300 ohms arc in parallcl.

Effective resistance can be obtained as follows.

| | | |
—= + +

R 300 300 300
o =30

3

= 100 ohms

“l'otal current in the circuit.
vl
"R 100" ampere

Since R =R, =R,.
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The current through cach of the resistors — Aetiwity 2

= Total current/ No. of resistors Now try to solve the problem stated in the

1 beginning of the section 2.5 (To get effective
= —ampere resistances of 20002 and 50Q2 using 1000}
3 resistors).

['rom the above problemitcanbenoted ., Draw the circuits required.
thatif ‘n’ resistors each of value R ohms o L

) 41 el the ellectiv « What happens to the effective resistance
are LOHHCC[? in parallel the elleciive of the circuit when more resistors are
resistance of the combination, R is added

R_:

R a) in series and b) in parallel
eft ?

When two 100 ohm resistors are

connected in series we get acircuit resistance of 200 ohms because in series combination,
e — Iy TR, For getting a 50 ohm effective resistance we have to combine two 100 ohm

resistors in parallel since for parallel combination, 1/R . =1/R +1/R . llenceitis clear

that when resistors are connected in series, the effective circuit resistance increases and when

connected in parallel, the effective circuit resistance decreases.

2.6 COMBINATION OF CAPACITORS

Capacitors can also be connected in serics and in parallel.

-_A K
+q
c, Tt Vs
-q
+1 4+ B 3
V T +q
C, T r+7 \,
-q
+C
q
C. + + + + \{3
=y l
+ D

Fig 2.7 Series combination of capaciiors
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Capacitors in serics :

Consider three capacitors of capacitances C . C, and C, connected in serics across a potential
ditference of *V’ volts. Here the same chatge is stored in all the three capacitors. But the
voltage across each will be different. The total voltage across the circuit is equal to the sum of
vollages across individual capacitors.

So V=V+V+V, ()
[['the eflective capacitance ol the circuit 1s “C” and since
Voltage = Charge/Capacitance

equation (1) becomes

4 4 4 4a
c ¢ g T
Eliminating ‘q” from all the terms

1 1 1 1
e —
c ¢ G G
[f'there are only two capacitors connected in series
1 1 1 C,G,
4+ R e 2
cC ¢ o CEoc

Capacitors in parallel

C,

Il three capacitors C . G and C, are €D
connected in parallel across a bdttel} G,
of V volts, the potential difference
across cach capacitor will be the same.
ie ,V volts. But the charge acquired by
each capacitor will be different. G

9z

If q, q, and q, are the charges acquired
by C,, C, and C, respectively,

+|, -
the total charge drawn from the battery. || |r

qa=9q,tq, g,

If*C" is the eftective capacitance of the
combination .

Fig 2.8 Parailel combination of capacitors

CV=CV+ CV+C,V
OR
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C=C,+C,+C,

So the effective capacitance of a number of capacitors connected in parallel is equal to the

sum of individual capacitanccs.

In serics combination the cffcetive capacitance is smaller than the smallest in the combination
while in parallel connection the cffective capacitance is larger than the largest in the combination.,

Check your progress

Three Capacitors each of value 9 pF are
connected a) in series and b) in parallel.
If the combinations are connected to a
30V DC supply, find out the effective
capacitance in each case and the charge
on each capacitor

Solution

Effective capacitance in parallel /

C=C,+C,+C,=9+9+9=27pF
Charge on a9 pl Capacitor
CV.  =9x10-" x30
=27 x 101 C

9pF

9pF

9pF

Totalcharge q = q,+q,+4q,
= C,V+CV+CV
= 3x27x 10 C
= 71 x10-1C

Citective capacitance in Series

11 1
C'I C2 CZ%

Fig 2.10
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In series combination, the charge on each capacitor will be the same

q = Cv
= 3 x10-12 %30
= 0 x 10 uC
I
2.7 KIRCHHOFF’'S LAWS 5 MWW B £4 MWW
R, YL Ry

Analyzc the circuit given infig 2,11 A = ER;, D
The above circuit cannot be reduced to a T
simplc parallel or serics combination as the . __,I},'-’, . _B,S,,
resistors are neither in series nor in parallel M L L vI
wilh each other. So such circuils cannot
be solved simply using Ohm's law. Gustay
Robert Kirchhoft proposed two general +|= =
rules for solving such nctworks, | i
Kirchhoff’s Current law (KCL) Fig 2.1 Dem.(mslrmion of Kirchhoff' s faw

In the words of Kirchhoft at any junction of several circuit elements. the sum of currents
entering a junction must be equal to the sum of currents Ieaving the junction. Considering the
circuit giveninfig 2.11

ForthejunctionA, 1 =1, +1
ForthejunctionB, I, = L+
For the junctionC, L+, =1,
Forthe junctionD, [, +1, =1

If'the current entering a junction is taken as positive and
current leaving the junction as negative then Kirchhoffs
current law can be stated as *“1'he algebraic sum of currents
meeting a junction is zero™.

Consider the diagram shown in figure 2.12 in which the

current I, and L are entering the junction ‘0" and the
currents .. I .. and I, are leaving the junction.
Using Kirchho[I™s current law (KCL)

I+L-L-I-I, =0

) SR Fig 2,12 Demonstration of KL
Kirchhoff’s Voltage law (KVL)

Kirchhoff’s voltage law can be stated as "The algebraic
sum ol change in potential around any closed loop must be zero".
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Illustration

Consider the following circuit. Sign convention is very important while applying KVIL.. The
following illustration will help you to understand it.

L.ctus take the loop ABCIDA and assign
anticlockwise direction for the tour starting

from the point A. E —WWWW > %F
C

1.  Aswemove through the cell of emf
E,.direction is [rom -ve 1o +ve, so
E, istaken as positive. D AMARAAA E - I +
2. The direction of tour and the direc- R, I,
tion of current are the same in the - E,
casc of R henee the potential dif-

. M _ - -+
flerel'lce across R, is taken as nega A— }_WMH— B
tivele., -[R,. I

3. Aswegothroughihecellofeml E,
direction is [rom posilive 1o negalive. Fig 2.13 Sign convention for KVL
So E, 1staken as negative.

4. Similarly the potential difference
across R, is found to be negative i.c. - LR,

Thercfore as per KV, for the loop ABCDA
E-1R -FE -LR, =0
Solved problem : 2.1

Find the current through cach resistor in the following circuit

20 40

Wy Wik

32V C’) | 20V
- §sn

Fig 2.14
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Solution

Let us solve this problem using KVL

A 20 40

l'""W'_ W‘
32VC’ ] e (’Dzuv

- § 80
I I,

Applying KVLto loop ABETA
=21 -8(L -L)+32=0
Applying KVL to loop BCDLEB
-4, -20-8(,-1) =0
we can rewrite these equations as
101-81 =32
81 +121 = 20
Which can be solved to get

[=4A,1 =1A
Current through2Q) = [ =4A
Current through8Q = I-1 =3A
Current through4Q = [ =1A

2.8 VOLTAGE SOURCES

Consider a perlect batlery whose intemal resistance
15 zero. It there is no internal voltage drop in the
battery, full battery voltage will appear acrossthe 10V 7=— SKQ
load connccted across it. Such a battery is an
example ofideal voltage source.

In the circuitin fig. 2.16 according to Ohm's law, 2 Fig2.16
mA current will flow through the load. If we reduce the load resistance to 1K.. the load
voltage is still 10V, the load current however increases to 10 mA.
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Anideal voltage source produces an output vollage

that does not depend on the value of load resistance R I

and other quantitics. Supposc the load resistance —

in the above circuit s reduced to zero, then the load

current approaches infinity. But no real voltage v —— R
pr— 1

source can produce inlinile current because ol the
presence ol some internal resistance. Therelore 1t
should be understood that a real voltage source has
some intcrnal resistance.

Fig 2.17

In a real voltage source the internal resistance (R}

appears in scrics with the load resistance (R ). 1ere supposc the load tesistance is reduced
to zero.

Then using Ohm’s law, II.:E'

This is the maximum load current that the real vollage source can deliver.
The load current under normal condition

(WhenR, is considerable)

v VR

Iu.: W and hence the load voltage Vl_z I

RS+RL
Here as the load resistance (R, ) increases, the
load voltage V| also increases. When the load
resistance approaches infinity R <<R, and
henee R can be neglected and the load voltage
approaches the ideal source voltage. Symbol
of voltage source is as shown in fig 2.18.

-+

Note that in real voltage source internal
resistance is shown in serics with an ideal voltage
source .

Fig 218 (a) fdeal voltage source
2.9 CURRENT SOURCES (b} Reul voltage source

A voltage source has a very small internal

resistance while a current source has a very large internal resistance. Ideally, the internal
resistance 1s infinity and hence the output current produced by a current source does not
depend on the value of load resistance.
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(@ O t

Fig 2,19 fa) Ideal current source

(b)) Real current source
The internal resistance of a real current source is always shown
in parallel with an ideal current source.

From [igure 2.20 il 1s clear that when the load lerminals are Is@) Rq R,

shorted (R, = 0} full cireuit current flows through the shorted
load. Let it be I . As the load resistance R, is increased certain
current flows through the internal resistance also and henec the
load current is reduced. So to make load current fairly con-
stant, intcrnal resistance has to be very high.

2.10 DIRECT CURRENT (DC) AND ALTERNATING
CURRENT (AC)

We know that the voltage supplied by a battery is DC voltage
and that supplicd by housc hold distribution system is AC voltage.

In this section we shall discuss the basic differences between Y (j‘) |

direct current system and alternating current system.

Direct current flows only in one direction in a circuit. Therefore

it1s also called unidirectional current llow. Voltage has a fixed
polarity and its magnitude remains constant. The direction of
current flow is indicated by an arrow mark originating from the
positive terminal towards the negative terminal of the battery.

But the real direction of clectron flow is from negative terminal
towards the positive terminal of the battery. ie, opposite to the
direction ol conventional current flow.

Examples ol sources o[ DC are battery, DC generator elc.
Alternating Current

Alternating Current or Voltage varies in magnitude and its terminal
polarity reverses periodically. [t means that the alternating current
will flow first in one direction and then in opposite direction. Alternating

Fig 2.20 Current source
with infernal resistunce
connecied (o a foad

R
WA

]

1

Fig 2.21 DC voltage
source connected in o
circuit

AAM
LA

@)

Fig 2.22 AC voltage
source connected in
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In previous classes you have studied that according to [araday’s law of
electromagnetic induction, whenever the magnetic [lux linked with acoil changes, an
emf is induced inthe coil. As per Faraday’s second law the emf induced is directly
proportional to the rate of change of tlux linkages. The direction of induced emf'is in
such a way as to opposc the cause producing the change in flux. Consider arcetangular
loop of conducting wire of area “A’ and number of turns *N” rotating at a steady
angular velocity v’ about an axis “CD" in a uniform magnetic field of strength *3°. At
any instant “t’, let © = cut be the angle that the normal (o the plane ol the coil makes
with the direction of ‘B’. Then the area of'the coil that faces (perpendicular to) the
field is ACos6.

The total magnetic [lux passing through the coil al that instant is,
¢ = NBA cos0

= NBA cosad, since 6 = wi

The emfinduced in the coil,
d¢ N
di

~d(NBAcosot)
dt

A d(cosmt)
dt

= ~NBA(-wsinw) C

= NBAwmsine!

= - NB

"This equation can be represented as V =
V sinwt , where Vo = NBAw the peak
(maximum) value of emfand c/ is the phase
ofthe em[. This is a [unction ol “sine” and
therefore AC wave form generated here is
a sine wave form. On rotating the coil .
through 18¢° the induced emfor current "
increases from zero to maximum and then .
decreases to *0°. When the coil is rotated * Normal to the area
lurther through 180 the induced em( or .

current again increases in the opposite

direction from 0 to negative maximum and then decreases to zero. One complete
rotation (360°) of the coil is known as acycle.

A CosB
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2.11 FREQUENCY, TIME PERIOD AND PHASE ANGLE

One complete set of positive and negative half cycles can be termed as a cycle. The number of
cycles completed by an alternating current in one second is known as the frequency () of AC. 1t
is gencrally expressed in Hertz (117} or in eyeles per sccond (cps). As we know the houschold
AC supply has a frequency of 50 Hz. The time taken by an alternating current or voltage to

complete one cycle 1s known as time period(T). It1is the reciprocal of [requency, T= ‘7 )

An AC waveform can be approximated as a sum of sine waves. A sine wave can be repre-
sented by the expression V="V sin(2afi+¢). where V_is the peak or maximum amplitude, 'f
is the [requency ol the wave and ¢ 1s the phase angle. Il the wavelorm starts al zero amplitude
the phase 1s zero. It it starts at any other value the corresponding angle will be the phase angle
of the wavetorm.

Graphical representation of sine wave

.

emf
or e e e e e e e e e e — —_—— — =
current
|neak(|) vpeak or
\.:TIEI{\I"@
0 >
B:hdt_)

One cycle

Fig. 2.23 Sinusoidal waveform

Observe the table below to analyze how a sinusoidal current and voltage vary with time

0= mt V=1V sinwt I=1T, sin ot

0 0 0

kil

2 a 2]

yis 0 0

I

> -V, -1,

In 0 0

., v
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2.12  AVERAGE AND RMS VALUES OFAC

AC voltage varies with time. The average value will give the DC equivalent voltage
corresponding to the AC voltage. The average value ol'a sine wave overa cycle 1s zero. It
can be found over a half cycle.

= U(T2) [T 15in wt dt

Averags

. . o ot . 2lo
On integration and then by substituting o= Tn it can be seen that I = —

average

But the average valuc or mean value of AC docs not give accurate valucs when used to
calculate energy changes associated with AC. So it is needed to go for a more suitable value.
It will be more accurate il we deline the ellective value ol AC in terms ol heating ellect
because lor both hall cycles the amount ol heai developed is equal for a [ull cycle and 1t does
not average to zero.

The RMS or Root Mean Square values of AC 1s defined as the DC equivalent which produce
the same amount of heat cnergy in the same time as that of an AC. The heat developed fora
small intcrval of time dt is d1 1= p dt, where p is the power developed in time 'dt!

‘Total heat cnergy developed fora full eycle of AC is
H=[] pdt
=[] i’R at
:fﬂr Io® sin® wt R df

On integration, it can be seen that

fnz

=T (1)

H =
[faDC currentI  produces the same amount ol heat
=/ RT (2)

Fins

Equating (1) & (2)

[u]

I =2
Rms value of current or voltage of AC can also be defined as the square root of the mean of
the squares of all instantancous values over onc complete cycele.
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Ilustration

To illustrate the above definition for rms value, see the following signal.

1

4

2 _}8

Fig 2.24 Instantancous values of Sinuseidal Waveformn

[nfig 2.24 1, [, I ctc arc the instantancous valuc of the current at angles 0, 0,, 0, cte. and
[, is the maximum value. Then according to the definition of rms value of current

\/ L'+ +
I — -
rms 27[

¥ 2n

Substituting I =1, sin 8 and using integral calculus this can also be solved to get the same
result as we got carlicr.

e, I = I,/J2 and
me - Vof\/i

Activity 3

Try to get a 6V output from the 230V 50 Hz supply using a 230/6V
transformer in your school electronics laboratory. Use a CRO to measure and
analyze this 61 AC. Observe AC wavefori obtained & measure the maxisnum
value of voltage and its frequency. Calculate the vins value.

» How do you calculate the exact value of maximum voltage, from the
waveform obtained on the CRO?

* s the maxinmm value greater than the transforier secondary voltage which
isb V7?

» Which among the following is the AC voltage 6 V obtatned from the
secondary terminals of the transformer.

(n) rms (b) average (c) maximuin
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Check your progress

What is the significance of rins value of
AC?

Solved problem 2.2

The instantancous valuc of an AC voltage is represented by V = 141 sin (3141). Find its
frequency and rms values.

Solution
Vo = 141V
2nf = 314
f _ 321: — 50Hy
Vo _
V_ = 3 = 141/141 = 100V

2.13 CONCEPT OF IMPEDANCE

Asyou know AC is preferred for all commercial and domestic purposes because AC can be
cconomically transmitted over long distances. Other than ohmic resistance (R) the presence
of inductances (L) or capacitances (C) significantly affects the tlow of alternating current.
Similar to the ochmic resistance (R ) the opposition 1o the current [low oflered by the mductance
(L) olan inductor is called the inductive reactance (X, ) and that ollered by the capacitance
of'a capacitor is called the capacitive reactance (X_). Resistance, inductive reactance and
capacitive reactance are measured in ohms,

Impcedance is ameasure of overall opposition of a circuit to the current flow throughiit. [t is
like resistance but it also takes into account the cffects of capacitance and inductance.

AC circuit with resistance only

Consider the circuitin fig 2.25 in which only ohmic resistance
1s present.

Asyou have alrcady studied the instantancous value of voltage
V=Vo sin mt ()

v

A

Since [=V/R , the instantaneous value of current through this
circuit

— WV

=V, sin /R Fig 2.25 AC circuit with

resistance only
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Since Vo /R= o, the maximum valuc of current.

the above equation can be written as

(2)

From equation (1) and (2) il can be noted that the current and vollage are in the same
phase.

I= To sin mt

Now lct us analyze an AC circuit with an inductor of inductance 1. only
AC circuit with inductance only

In the circuit given in [ig 2.26, a potential dillerence ol V=Vo sin ¢ 1s applied across an

mductor ol inductance 'L’ henry. Youknow that according to Faraday’s law ol electromagnetic

induction, coil produces an induced emf e= -dd/dt
e = -L dI/dt, since ®= LI

[or the above loop as per KVL

Vo sinwt-LdI/dt =0 V@ gL
dl/dt=(Vo/l.) sin ot

Therelore I=/ {?} sin wtdt

Fig 2-26 AC circuit
with inductance only

Using integral calculus we get [= E(-cosmt)
But using trigonometric identity

Sin (90- i) = cosmt

Or sin (wt-90) = -coswt
If 1 is the maximum value of current through the inductor

[=1 sin(®1-90) where Io=Vo/Lo
The equations for current and voltage show that the current through the inductor lags behind
the voltage by 90 degree or 7/2 radians.
The ratio ol the peak value ol voltage across the inductor to the peak value of current through
it is a constant and is called the inductive reactance (X, ) which 1s similar to the resistance.

X, =Vo/lo =L =2afl. where o =2xf
Therefore it is seen that the inductive reactance depends on the supply frequency. 1.e., X 1s
dircetly proportional to the frequency. The unit of inductive reactance X isohm itsclf. It can

be concluded that for a purcly inductive cireuit the current lags bt,hlnd the voltage by 90
degrees or /2 radians
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AC circuit with capacitance only

Inthe circuitin fig 2.27 the supply voltage V=Vo sin ot 13
applied across a capacitor of capacitance *C’.
The charge on the capacitor at any instant

g=CVosin ot V@

You have already studied that the current through a
capacitor is cqual to the ratc of change of chargc on it.

i =dg/dt=d (CVosin wt) /dt Fig 2.27 AC circuit

using diffcrentiation it can be seen that with capacitance only

i=CVo » cosmt
using trigonometric relations
cosmt = sin (ot +71/2)
Therefore the above equation becomes
1=CVowmsin( owt+x/2)

[From the above expression for voltage and current it is clear that the current through the
capacitor leads the voltage by /2 radians or 90 degrees.

Now [or agiven [requency the ratio o the maximum value of voltage to the maximum value of
current for a capacitor is a constant and is called the capacitive reactance X....

Now let us discuss how the combination of L, C and R behaves inan AC circuil.
AC circuit with resistance, capacitance and inductance
Try lo analyse the circuil in [ig 2.28.

Here inductor. capacitor and resislor are
connected in series across a supply of 'E’ volts

The amplitude of voltage across ‘R*. V=1 R R
and as scen carlicr itis in phasc with the cur- W
rent.

| |
I
o

The amplitude of voltage across *C", V, =1
O EQ

X, which leads the current by /2 radians

Now let us indicate all these vollages using a
phasor diagram (tig 2.29) in which the circuit
current is taken as reference, /SN

Fig. 2.28 AC eircuit with resistunce,
capacitance and inductance
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Vi,

N
—

~

vV
Fig 2.29 Phasor diagram

From this phasor diagram it is clcar that the voltage across the resistor is in phase with the
current, the voltage across the inductor is ahead by n/2 radians and the voltage across capacitor
is behind the current by n/2 radians.

"’T

Using vector addition principles we can find out the - a“
ellective value of voltage across the combination (reler N |
fig 2.30). N !
The effective potential difference AN Vv !
. RN
V= Ve (V- V) N
N VeV, m___________\.\.il

Therefore the peak value of this voltage
Fig 2.30 Calculation of effective

value of potential difference

Ve o+ axe 1)

|
L[+ (% %7

From this equation il can be noted that the ratio ol peak value ol voltage to the peak value ol
current 1s a constant for a given [requency. This constant is called the inpedance ol the circuit
whose unit is ohm itself.

So impedance Z =V /I, = \/R3 +(X, -X. )
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‘The phasor diagram in fig 2.31 is also called impedance N J
triangle. lere @ is the phasc diffcrence between the circuit d)
current and the effective voltage. N

tan ® = (X -X)/R N.Z

In this equationif X .>X, Tan®is positive, so P is N
positive which means the current is ahead of voltage or A
the current leads the voltage. The circuil 18 more X AN
capacitive. XeXpb oo &
Fig 2.31 Impedance triangle

Il X <X, tlan @ is negalive, so O is negative and
therefore the current lags the voltage. The circuit is more inductive.

It X =X thecircuit is purely resistive.

Impedance (Z) can also be indicated in the complex form with a real part R (resistor) in
scrics with an imaginary part (X for inductor and —jX for capacitor}

7.=R+j X ifthc circuit contains a resistor R and a coil which offers a reactance X

7.=R -] X. ifthecircuit contains a resistor R and a capacitance which offersa rcactance
X

Therefore generally for an RLC series circuit , the impedance can be obtained as
Z=R +j (XL- >{()
=R +jX where X=X - X

Inan RLC series circuit what should be the frequency of supply so that the inductive reactance
is equal to the capacitive reactance? In such condition what will be the impedence ol the
cireuit?

L

For Inductive reactance = Capacitive reactance
X, =X
ie, 2afl = [ 2xtC
Orf=12n+LC

Atthis frequency

Z =R +(X, -X. )

I
7?.)
+
o

So the impedance of'the circuit is minimum and is equal to the resistance of the circuit. In this
case when the inductive reactance becomes equal to the capacitive reactance at a particular
frequency, the RLC circuit is said to be in resonance.
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The rate of [low ol electric charges is called electric current or electric current inlensity.
The work done per unit charge when a charge 1s moved [rom one point o another 1s
called the potential difference between the two points. Electric power is the rate of
doing this work. It is the product ol voltage and current. According to Olun’s law V al
or V=IR. Thcunit of rcsistance is ohms. When resistors arc combined in scries, the
cffcetive resistance ingreases. R =R +R +R +......... When these are combined in
parallel the eftective resistance becomes less than the least. 1/R_=1/R, + /R, + /R,
Foveinnn, Il capacilors are combined in series 1/C_ = 1/C + UC + lfC + o,
and when they are combined in parallel C_ = C +C, +C, + ............. For solving
complicated networks Kirchhoft™s laws are used Tn a real vo [tage source the internal
resistance is shown in scrics with the source. 'The cquation for AC supply voltage is

represented by V=V sinwt and AC current isrepresented by [=1 sinot. The rms
=2V /m. Impedence

AVErAne man

valueis given by Vims =Vmax/ /2 and the average value V

1s ameasure ol overall opposition to the AC current [low through a circuit having resist-
ance, capacitance and inductance. Tt is like resistance but includes resistance, inductive
reactance and capacitive reactance. In a R1.C scries circuit when the capacitive reac-
tance is greater than the inductive reactance ie, X >X, . lan @ =(X - X }/R.is posi-
tive and so the current leads the voltage. Il X <X , tan @ is negalive and so the current
lags the voltage. If X = X, the circuit is purcly resistive. The impedance 7. =

JR* (XX, ¥ orinthe vector form Z=R+j (X -X ).

The learner is able to
s  Dillerentiate the basic parameters ol electricity
e Utilize Ohm's law for solving electric circuits

e  Solvecclectrical networks containing scrics & parallel combination of resistors
and capacitors.

e  Solve networks using Kirchhoff's laws

e  Explain the characteristics of ideal voltage and current sources.

s  Distinguish between DC and AC voltages.

&  [xplain the characteristics such as frequency and phase angle of AC voltage.
e  Explainthe significance of rms and average valucs of AC

e  Hxplain the concept of impedance
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K\%}, €valuation items

Multiple choice questions

1} 1lJoule/coulombisequal to
a) 1 Watt b) 1Ampere ¢) lohm d) 1Volt

2)  Threeresistors each of value 'R' are connected in parallel. The effective resistance will

be
a) 3R b) R/3 ¢)3/R d) None ol'these
3)  Ilftwo Capacitors C and C, are connecled in series ihe ellective Capacitance will be
cC,

a) Cl+ég by CC, ¢) C+C, d} Noneollhese

4)  Foranidcal voltage source
a) The internal resistance is Zero
b) Output voltage depends on the value of load resistance
¢) Internal voltage drop is Considerable
d) All ofthe above are true

5)  Foranidcal current source
a) Theinternal resistance is infinity.
b)  The internal resistance isnegligible
¢)  Asload resistance increases, the load current also increases
d)  Allofthe above are truc
6)  Theaverage value of a sinusoidal wave with maximum voltage V_ over one complete
cyele is equal to
a)v 2 b)2V ¢) 7Zero v
7y Anac voltage is representied by v=100 sin (3141). The peak value of voliage and
[requency are respectively
a) 100V and [00Hz
b) 50V and 50Hz
¢) 100V and 50Hz
d)  50Vand 100Hz
8)  Forapurely resistive circuit the current and voltage
a) Differ in phase by T1/2
b) Differ in phase by [1
c) Arc in phasc
d} Arc vector quantitics

Iﬁj’)bmloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

9) The reactance ot an inductor is

10)

11)

a) Directly proportional to the supply frequency
b) inversely proportional to the supply frequency
¢) Independent of frequency

d) None of the above are true

When the supply frequency = Zn\lfﬁ
a) X, >X,
0 XX,
) Z =R
X =X,
‘The current lags behind the voltage for

a) capacitive load
b) inductive load
¢) resistive load
d) noload

Key for multiple choice questions

yd 2)b 3)a 4)a Sa 6)c Nec 8)c Na 10)d 1)b

Desceriptive type questions

1} Define the potential ditference between two points. What g its unit?
2} Givce the STunit and dimensional formula of resistance

3} Ifthreeresistors R, R, and R, arc connccted in scries combination discuss their
cffective resistance in the cireuit.

4y Ifthe above resistors are connected in parallel, discuss how to tind out their cffective
resistances.

5}  Explain Kirchhotf's current law
6}  Explain Kirchhoft's voltage law

7y  Derive an expression to find the effective capacitance of three capacitors connected
in serics.

8) Derive an expression to find the effective capacitance of a parallel combination of
three capacitors
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9 TM"n" resistors each of value 'R' ohms are connecled a) in series b) in parallel.
Discuss and compare the effective resistances in each case.

10) What is an ideal voltage source? Obtain an expression to find the load current
through the source.

11) Explain an ideal current source.

12) Discuss the terms
A)Cycle B) Timeperiod C)Frequency and D) phase ol'an AC signal

13) Whatis the signilicance ol RMS and average values?

14y Distinguish between RMS and average values ol AC voltage.

15) Three resistors cach of valuc 2Q are connected in serics. What is the effective
resistance ol the combination? Tl'a 12V batlery is connected across this circuil,
(ind out the polential drop across each resistor (neglect inlernal resistance)

16) Three resistors each of value 153Q are connected in parallel. What is the ellective
resislance ol the combination? Tla batlery o[ 20V is connected across the circuit
(ind the current through each resistor and the otal current drawn [rom the batlery.

17) 'm'resistors each of value 'R'Q are Lo be combined 1o get (1} maximum elTective
resistance (ii) minimum effective resistance.
a) How will you do these? b) What is the ratio ol maximum (o minimum resistance?

18) A 220v, 50H» AC supply 1s applied o a circuil ol resistance 100€2. What is the
RMS value ol current in the circuil? What is its maximum value?

19)  An AC supply voltage is represented by v =100 Sin 100L. Find a) RMS value of
voltage b) average value of voltage ¢) supply frequency  d) time period.

20) Obtain the equation lor impedance of'a RT.C series circuit.

21) Youare given the tangent ol the phase angle belween the resistance R and the

impedance 7 ol a RLC series circuit. Are you able to lind out whether the circuit
is purely resistive, more inductive or more capacitive? How?

22) A 1000 resistor, a S0mH inductor and a 20 puF capacitor are connecled in series
across an AC supply of 230V 50Hz. Calculate the impedance of the circuit.
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SOLID STATE
FUNDAMENTALS

INTRODUCTION INTRODUCTION
Semiconductors are the basic materials used in solid
state electronic devices like junction diodes,
transistors and integrated circuits. Research on
semiconductor materials started in the carly
nineteenth century. The most commonly used
semiconductor materials are Silicon(Si} and
34 BONDS IN SEMICONDUCTORS Ger}nanium ((l}e). 'l;here are compound
semiconductors like Gallium Arsenide (GaAs) and
35 COMMONLY USED SEMICONDUCTORS G.a]\lium Phosphide (GaP)lwhich are built.with two
different clements, Gallium and Arscnic. Such

3.1 ENERGY LEVEL DIAGRAM

3.2 ENERGY BANDS IN SOLIDS

3.3 CLASSIFICATION OF SOLIDS

36 TYPES OF SEMICONDUCTORS composite semiconductors have special elecirical or
oplical properties.

3.7 INTRINSIC SEMICONDUCTORS In nineteen [iflies, Germanium was the most
commonly used material. However, it is not suitable

3.8 EXTRINSIC SEMICONDUCTORS for high temperature applications. Later Silicon
became the more preferred material than Germanium

3.9 N -TYPE SEMICONDUCTORS because of its better temperature stability, lower cost,

strong crystal structure and availability.
31 ENERGY LEVEL DIAGRAM

311 CHARGE CARRIER TRANSPORTATION  According o Bohr’s alom model, each eleciron orbit
IN SEMICONDUCTORS has a lixed amount ol energy associated with il. An
electron moving in a particular orbit possesses the
energy of that orbit (Fig 3.1). The larger the orbit,
the greater is its energy. It is clear that the outer
orbit clectrons possess more cnergy than the inner
orbit glectrons. Tn an 1solated atom, the energy levels
ol’electrons in various orbits can be represented by
horizontal lines. Such a diagram is called Energy
Level Diagram. Fig 3.2 shows the Energy Level
Diagram (ELD) of an isolated atom. E represents
the encrgy level of the first orbit . E, that of the
second orbil and so on.

3.10 P - TYPE SEMICONDUCTORS
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Fig. 3.1 Structure of an atom Fig. 3.2 Energy level diagram

In 1913, Niels Bohr, a Danish physicist gave the explanation of
atomic structure. According to him an atom consists of a
positively charged nucleus surrcunded by negatively charged
electrons revolving in different fixed orbits. The number of
electrons in each orbit is fixed. Hence the number of electrons
inan isclated atom that can possess a particular energy value is
also fixed.

(1885-1062)

3.2 ENERGY BANDS IN SOLIDS

So (ar we have considered electron energy levels in a single isolated atom. Atoms ol gases
can be considered isolated because of their greater spacing under normal pressure and
temperature. Hence the energy levels of such atoms are not affected by other distant atoms.
But there are significant changes in the energy levels when atoms exist close together as in
solids. When atoms come closer the outer orbit clectrons come close together and cven
overlap. Because ol this interaction the energy levels are split up. These energy levels are
discrete but closely spaced [orming almost a continuous range ol energy called energy band.
We also know that the number of electrons in the outermost orbit decides valency. These
valence electrons are not free to move about from one point to another. If they get sufficient
energy they can reach higher energy levels so that they become free to move about. This
results in clectrical conduction.

Condiuction band

ﬁ)rl{;’dden Energy gap (Eg)

Valence band

Fig 3.3 Energy bund dingram
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Valence Band

The electrons in the outermost orbit of an atom are called valence electrons. The energy band
occupicd by the valenee electrons is called valence band. The valence band may be cither
completely filled or partially (illed, but can never be empty.

The range of energies possessed by valence elecirons is known as valence band

Conduction band

The clectrons which have left the valence band arc called conduction clectrons. The
range ol'energy occupied by these elecirons is called conduction band. This band lies next (o the
valence band. It may be either empty or partially [illed with electrons. In conduction band,
electrons move freely and conduct current through the solid.

The range of energies possessed by conducting electrons is known as conduction band

If a substance has empty conduction band, it means that the current conduction is not possible
in that substance. Generally, in insulators conduction band is empty. On the other hand. in
conductors it is partially filled.

Forbidden Energy Gap

Electrons cannot take energy level in between valence band and conduction band. The separation
between conduction band and valence band on the energy band diagram is known as forbidden
cncrgy gap (band gap. E ).

The width of the encrgy gap is a measure of the bondage of valence clectrons to the atom. The
greater the energy gap, the more tightly the valence clectrons are bound to the nueleus. In order
Lo push an electron from valence band to the conduction band, exlernal energy equal to the
forbidden energy gap must be supplied.

conduction band

T
0.7 ew
¥

valence band

Band Energy (ev)

Germanium

Fig. 3.4 Energy band diagram of Germanium
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3.3 CLASSIFICATION OF SOLIDS

The electrical conduction properties of solids can be explained on the basis of forbidden energy
gap. The solids can be classified into three types. [fig. 3.5 shows the encrgy band diagram of
different solids.

r r F 3
Conduction Band
Electron
@ @ Conduction Band %
E Band gap ] ) :_ ] Ele 'ﬁlnndu::tinn Band
i " Band gap ® e o
o ° e & _ o 1 = - =
. : - -
o - =Valance Ban & o Valance Eand‘ @ Valance Han-?
Insulator Semiconductor Conductor
Fig. 3.5 Energy hand diagram of solids
Insulators

Asshown in Fig 3.5 the insulators {eg. Wood, Glass) have a large forbidden energy gap. The
electrons are found only in valence band at room temperature.

To achieve conductivity, electrons from the valence band have to move into the conduction
band. This is not possible in insulators because of large forbidden energy gap.

Conductors
Conductors ( eg. Copper, Aluminium) have
a)  overlapping valence and conduction bands
b)  plenty of free electrons in the conduction band

In conductors there is no band gap between the valence band and conduction band. Due to this
even, a slight potential diffcrence across the conductor is enough to move the free clectrons
resulting in clectric current.

Semiconductors

A semiconductor is one whose electrical properties lic in between insulators and conductors
(Eg. Silicon and Germaniumy).

In terms of encrgy bands, semiconductors at room temperature have a very narrow forbidden
energy gap. AL 0K, there are no electrons in the conduction band ol semiconductors, whereas
their valence band is completely filled. Therefore at absolute zero temperature, semiconductor
behaves as an insulator. However with increase in temperature, electrons get liberated from the
valence band. These free electrons can move towards the conduction band, since the energy
gap is small.
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Activity 1

Create 4 table of matching words using the following terms

Rubber, Energy gap very small(< 3eV), Conductor, Energy gap very
large(>3eV), Valence band & Conduction band overlap, Copper , Silicon,
Insalator,Semiconductor, Continuous carrent flow, No current flow, Partial
conductivity.

. Froin the table note down your observations based on what you
hawve learned in the above section.

. Which material rubber, copper or silicon needs the highest
amount of energy to move an electron from the valence band to
the conduction band? Why is it so?

Now check whether your table matches with that given below.

Conductor Insulator Semiconductor
Copper Rubber Silicon

Valence band and [inergy gap very large(>3eV) Tnergy gap very
conduction band overlap small(<3eV)

Check your progress

Distinguish between conductors, insulators and semiconductors on the basis of energy band
diagram.

3.4 BONDSIN SEMICONDUCTORS

The atoms ol every element are held together in a molecule by the bonding action ol valence
electrons. This bonding action is due to the fact that there is a tendency of each atom to
complete its outermost orbit by acquiring 8 electrons in it. However, in most of the elements, the
outermaost orbit is incomplete. In order to acquire 8 electrons in the outermost orbit, atoms share
clectrons with other atoms. To do so, the atom may donate, accept or share valence clectrons
with other atoms. Tn semiconductors, bonds are formed by sharing ol valence electrons. Such
bonds are called covalent bonds. Tn the lormalion ol covalent bond, each atom contribules
equal number of valence electrons and the contributed electrons are shared by the atoms engaged
in the formation of the bond.
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Fig. 3.6 Germanium bond structure

Fig 3.6 shows the covalent bonds among germanium atoms. A germanium atom has four valence
electrons, There is a lendency in each germanium atom to have eight electrons in the last orbil.
‘To do so each germanium atom positions itself between four other germanium atoms as shown
in fig 3.6. Each neighbouring atom shares one valence electron with the central atom. In this
way the atom completes its outermost orbit by having eight electrons revolving round the nucleus.

3.5 COMMONLY USED SEMICONDUCTORS

There are many semiconductors available, but very few of them have practical applications in
electronics. The two commonly used materials are Germanium{Ge) and Silicon(Si). In Ge and
Si, the energy required to break the covalent bond (energy required to release an electron) is
very small. For Ge itis 0.7 ¢V and for Siitis 1.1 ¢V.

(i)  Germanium: Germanium is an carth clement and is recovered from the ash of certain
coals. Generally recovered Germanium is in the form of germanium dioxide powder which is
then purilied by chemical reduction techniques.

The atomic number ol Germanium is 32. Therelore, it has 32 protons and 32 electrons. Two
electrons are in the first orbit, eight electrons in the second, eighteen electrons in the third and
four electrons in the outer or valence orbit (See Fig. 3.7). It is clear that Germaniwm atom has
four valence electrons making it a tetravalent element.
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Fig 3.7 Atomic structure and bonding of Germanium
(i) Silicon

Silicon compounds are commonly available in the form of sand (silicon dioxide). Silicon is obtained
by purifying Silicon dioxide by chemical reduction techniques.

The atomic number of silicon is 14. Two clectrons are in the first orbit, cight electrons in the
second orbit and lour electrons in the valence orbil. Tt is clear that silicon atom has lour valence

electrons. that is, it is tetravalent. Fig. 3.8 shows how various Silicon atoms lorm covalent
bonds.

'.‘__..-.--_.h

- - - LY

s - - W

Fig. 3.8 Aromic structure and bonding of Si
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3.6 TYPESOFSEMICONDUCTORS

Semiconductors may be classified as shown below.

Semiconductors

Intrinsic or Pure Semiconductors Extrinsic or Impure Semiconductors
3.7 INTRINSIC SEMICONDUCTORS

Semiconductor in its extremely pure form is called intrinsic semiconductor. ALOK it behaves as
an insulator because there are no free electrons. At room temperature a few electrons get
sufficient energy to break the covalent bond. These electrons can move freely and act as
charge carriers. A vacancy is created in the covalent bond when a free electron is formed and
this vacancy is called a hole. Ioles in the valence band, can he filled by other clectrons in the
valence band. This results in movement of holes in the valence band. These holes can be
viewed as posilive charge carriers.

In intrinsic semiconductor the number ol'holes in valence band is equal to the number ol lree
electrons. The free electrons exist in conduction band and holes exist in valence band.
Movement of Holes in Semiconductors

Il an electron in the valence band gets sullicient energy, il can jump across the [orbidden
energy gap and enter the conduction band. Suppose a covalent bond 'A’ breaks due to the
external energy received by the atom and an electron is released. Ahole is left behind in the
valence band. Under favorable condition the electron from another covalent bond 'B' jumps into
the hole at'A'. This fills the original hole but creates a new hole in 'B'. Next an electron from
another bond 'C' jJumps into the hole in 'B' and so on. Tn this way a succession ol eleciron

movement lakes place. So we can say thal the hole is moved from A’ 10 'C". Tiven il the actual
movement is by electrons, for convenience we will consider it as hole movement.

It should be noted that holes are filled by electrons which move from adjacent atoms without
passing through the forbidden energy gap. [t means that hole movement takes place in valence
band only. No additional hole is created it an existing hole is filled by an adjacent electron.

Let us conclude the above facts as follows:
l. Holes exist in and flow in the valence band.
2. Conduction electrons are found in and flow in the conduction band.
3. Hole current is in valence band and electronic current is in conduction band.

4, Conduction electrons move twice as fast as the holes,
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3.8 EXTRINSIC SEMICONDUCTORS

As you have seen earlier, a pure form of semiconductor is a bad conductor of electricity because
of the abscnee of charge carricrs which are free to move about. Theretore inorder to have
conduction, morc free charge carricrs have to be created in the crystal structure. This can be
achieved by adding suitable materials (impurity} to pure semiconductors. Impurity added
semiconductors are called extrinsic semiconductors. The process of adding impurities to a
semiconductor is known as doping. Now let us discuss how these free charge carriers are
formed when impurity atoms are added.

The purpose of adding impurity is to increase either the number of free electrons or holes in the
semiconductor. [f a pentavalent impurity(having 5 valence electrons) is added to the
semiconductor, free electrons are produced in the semiconductor. On the other hand. addition of
trivalent impurity (having 3 valence elecirons) creates holes in the crystal. Depending on the
type ol impuritly added, extrinsic semiconductors are classilied into:

(1) N- type semiconductor

(i) P- type semiconductor
3.9 N-TYPE SEMICONDUCTORS

N —type semiconductors arc obtained by adding pentavalent impuritics ( Bismuth, Antimony,
Arscenic and Phosphorous) to a purc semiconductor. The four valenee clectrons of impurity
atom [orm covalent bond with [our neighboring semiconductor atoms and the (ilih electron is
free to move in the crystal. Thus the addition of pentavalent impurity atom provides free electrons
to the semiconductor. The pentavalent impurities which produce N-tvpe semiconductor are
known as donor impurities because they donate or provide free electrons to the semiconductor
crystal. ’

PENTAVALENT
IMPURITY
ATOM

Fig. 3.9 N type semiconducior

In an N- type semiconductor a large number of free electrons are created by doping which
improves its conductivity. But there will be a very small amount of free holes created because
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of thermal agitation. I'ree clectrons arc much more in number and so they can be termed as
majority carricrs and holes are comparatively much Iess and henee they can be termed as the
minority carriers, Therelore in N-type semiconductor electrons are the majority charge carriers
and holes are the minority charge carriers.

3.1¢ P-TYPE SEMICONDUCTOR

P-type semiconductors arc obtained by adding trivalent impuritics (Boron, Gallium, Indium,
Aluminum) o a pure semiconductor. The three valence electrons ol impurity atom lorm covalent
bond with four neighbouring semiconductor atoms and the fourth covalent bond has a vacancy.
This gives rise to a hole in the semiconductor. Thus the addition of trivalent impurity atom
creates holes in the semiconductor. The trivalent impurities which produce P-type semiconductors
arc known as acceptor impuritics, becausc the holes created can accept the electrons.

Fig. 3.10 P type semicondictor

In a P-type semiconductor a large number of free holes are created by doping which improves
its conductivity. But however there will be a very small amount of free clectrons created because
ol thermal agitation. Free holes are much more in number and so they can be termed as majority
carriers and free electrons are comparatively less and hence they can be termed as the minority
carriers. Therefore in P-type semiconductor, holes are the majority charge carries and electrons
are the minority charge carriers.

As discussed earlier, the N-type semiconductor has excess of electrons and the p-type
semiconductor has excess of holes. Do you think that the N-type semiconductor has net negative
charge and P-type semiconductor has net positive charge? The term cxcess in the context
means that the number ol electrons is more than that required to [ill the valence band. Tt does
not mean that the total number ol electrons is more than the number ol protons. So P type and
N type semiconductors are electrically neutral.

3.11 CHARGE CARRIER TRANSPORTATION IN SEMICONDUCTORS

The movement ol charge carries in semiconductor material is classilied as dilfusion and drill.
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Diftusion is a charge transportation mechanism taking place because of the concentration gradient.
On the other hand the drift in a charge carricr movement is under the influence of an clectric
field. Majority carriers have both drift and dilTusion transportation whereas minority carriers
undergo only drift.

Activity 2
Compilete the following table.
N type semiconductors P type semiconductors
Pentavalent impurity atoms are added to
intrinsic semiconductors
Excess holes improve conductivity

Holes ave minority carriers

3 i Tl e Feap of 1 T ; 2
» Due to doping which type of carriers are created - majority or minority:
» Can you give examples for both the types of impurity atoms mentioned in the table?

Now you can verify whether your solution matches with the following.

N type semicondictors P type semiconductors

Pentavalent impurity atows are added fo | Trivalent intpurity atoms are added
intrinsic semmiconductors to intrinsic semiiconductors.

Excess electrons improve conductivity Excess holes intprove conductivity
Holes are the minority carriers Electrons are miority carriers

By doping charge carriers are created which cause conduction. But the minority carriers are
only a few which are formed due to some other reasons such as thermal agitation.

Boron, Gallium, Indium, Aluminium, etc. are trivalent and Arsenic, Antimony, Bismuth, etc. are
pentavalent impurity atoms.

Electrons in each orbit of an atom have a certain fixed amount of energy. The energy levels
of electrons in a particular orbit is called energy band. Difference in energy between the
valenee band and the conduction band is called forbidden encrgy gap. Classification of
materials such as conductors, insulators and scmiconductors can be explained using encrgy
band diagram. The conductivily ol intrinsic or pure form ol semiconductors can be improved
by doping. If they are doped using pentavalent impurity N type semiconductors are formed.
If doped with trivalent impurity we get P type semiconductors.
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Learning outcomes

The leameris ableto:

¢  Draw and cxplain the structure of an atom.

¢  Explain the encrgy bands in solids and classification of solids.

¢  Explain the propertics of semiconductors and their significance.
¢  Explain the need for doping and how is it donc.

¢  Classify semiconductors on the basis of doping.

¢  Explain the formation of majority and minority charge carricrs.

o Explain how the charge carriers affect the current conduction through
semiconductors

KQ@/)% €valuation items

Multiple choice questions
1)  'The P-type semiconductor
a) haspositive charge b} has negative charge c¢) is electrically neutral d) has either
positive or negative charge.
2)  Minority carriers in N- Lype semiconductors are
a)elecirons  byholes ¢)neutrons  d) positive ions
3)  Formetals the lorbidden energy gap is
a) <3eV Db}in belween 3eV & 9 eV c}>3eV d)9eV
4y When Germanium crystal is doped with Phosphorous atoms, it becomes

a}a P type semiconductor b} an n type semiconductor ¢) an intrinsic
semiconductor  d)aconducior

53) The deficiency ot an clectron in an atomic structure is a

a}valenceelectron  b) hole  ¢) free electron  d) negatively charged ion
6) Major part of the current in an N tvpe semiconductor is duc to

a) conduction band clectrons  b) valence band clectrons

c)holes inthe valence band  d) thermally generated electrons
7)  Addition of pentavalent impurity to a semiconductor creates many

a) free electrons  b)holes c) valence electrons
d) intrinsic semiconductor
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8)  AnN-type semiconductor is
a) positively charged b) negatively charged
c)electrically neutral d)none ol'these
9)  When an atom looses an electron, the atom
a) becomes a positive ion b) becomes anegalive ion
c¢)becomes clectrically neutral  d) is then free to move
10}  The forbidden energy gap of Silicon is
a) 0.7¢V. b)) eV c) 03¢V d)l.1eV

Key for Multiple choice questions

Ne Db 3)a Hb b 6a Ta ¢ %a 10)d

Descriptive type questions

1. Explain why the discrete energy levels of an isolated atom split into a band of
energy when atoms combine together to form a solid.

2. Explainthe difference between insulators, conductors and semiconductors using
the energy band diagrams.

Define valence band, conduction band and forbidden energy gap.

4. Explainthe reason why the conductivity of germanium is more than that of silicon
at room temperature.

Define a hole. Explain how hole movement takes place in a semiconductor.
Explain the need of adding an impurity to an intrinsic semiconductor.
What are the majority carries in an N-type semiconductor?

What do you understand by intrinsic and extrinsic semiconductors?

Ao

Why does semiconductor behave as insulator at absolute zero temperature.

10. Name two commonly used semiconductors. Write the forbidden energy gap of
those semiconductors.
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INTRODUCTION

PROPERTIES OF P TYPE AND N
TYPE MATERIAL

FORMATION OF P-N JUNCTION

P-N JUNCTION BIASING

V-l CHARACTERISTICS OF AP-N
JUNCTION DIODE

JUNCTION BREAK DOWN

ZENER DICDE

ZENER DIODE AS VOLTAGE
REGULATOR

SEMICONDUCTOR
DIODE

INTRODUCTION

In the previous unit we studied about the N-type
and the P-type semiconductors. Now let us see what
happens when we join a P-type semiconductor to
an N-type semiconductor. This can be done by
gpecial fabrication technique. When a P-lype
semiconductor is suitably joined to an N-type
semiconductor, the contact surface is called
P-N junction. Most semiconductor devices contain
onc or more P-N junctions. P-N junction is very
important beeause, in effect, it controls the behavior
ol'semiconductor devices.

PROPERTIES OF P-TYPE AND
N-TYPE MATERIAL

4.1

Before going into the details of P-N junction
lormation, let us go through the properties o’ P-
type and N-type semiconductors. In the Fig. 4.1, left
side material is a P-type semiconductor having
negative acceptor ions and positively charged holes.
The right side material is N-type semiconductor
having positive ions and frec clectrons. Comparison
ol'P- type and N-type materials is given in table 4.1
below.

P-type N-type
Hole ———» o@- 0 B E’; o@ .‘® @0 @U @.‘@"_Fmelechuns
0o B3 @0 & D ® @ @@
e e 0% ‘e e o ‘e ‘@
0% b ¢ & @ @ @ *® '@
& S & o0 ® ® 9t e @
ir::gsative accsptor_._‘:‘e; 09 90 @0‘ 60 ®’ @' ®- ®' @;_ :f;?-'ssitive donor

Fig 4.1 P tvpe and N rvpe materials
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P-type material N-type material

o Semiconductor material is doped with ¢ Semiconduclor material is doped
acceptor impurity atoms. with donor impurity atoms,

» Material has high hole concentration. e Material has high free electrons

concentration

» Concentration of free clectrons in s Concentration of holes in N-type
p lype material is very low. material 18 very low.

¢ Contains negatively charged acceptor e Contains positively charged donor
ions (immobile) and positively ions (immobile) and negatively
charged holes ([ree). charged electrons ([ree).

Tabie 4.1 Comparison of P-type and N-ivpe semiconductors
4.2 FORMATION OF P-N JUNCTION

The Fig. 4.2 shows a P-N junction just formed with no external voltage applied.

P-type N-type o
©.°0 0 6 PO & & @ @
© VO G | @ ® @ & @
e oo 6 %le e ® e ‘e
00 b & e @ @
S e oole B e o
2°b 0 o°cle @ o, & @

Fig 4.2 PN junction

As soon as the P-N Junction is formed the following processes are initiated.

1. Holes rom the P region dilTuse into the N region. Then they combine with the [ree
electrons in the N region.

2. Freeelectrons [rom the N region dilTuse into the P region. These electrons combine
with the holes i the P region.

3. When a hole is moved [rom the P-side towards the junction, there lorms a net
negative charge at the P-side due to the presence of immobile negative ions.
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4. When an electron is moved from the N-side towards the junction, there forms a net
positive charge at the N-side due to the presence of immobile positive ions.

Negative charge at the P- side stops electrons from further diffusion.

Positive charge at the N- side stops holes from further diffusion.

"This process results in the formation of a barrier region which prevents the respective
majority carriers crossing the junction.

NS W

It should be noted that outside the barricr on cach side of the junction the material is still ncutral.
Only inside the barrier, there 1s a positive charge on the N side and a negative charge on the P
side. Thisregion is called depletion layer or space charge region. [t 1s so called because the
mobile charge carriers (free electrons and holes)y have been depleted.

Fig. 4.3 shows the depletion layer when a P type and N type material are joined. The region
contains immobile ions which are electrically charged. The physical distance from one side of
the barrier to the other side is referred to as the width of the barrier. With no external batteries
conneeted, the barrier is of the order of fractions of a volt. For a Silicon P-N junction, the barricr
potential is about 0.7V, whereas for Germanium P-N junction it is approximalely 0.3V,
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Fig. 4.3 Space charge region or depletion region is formed in the function

Semiconductor Diode

A semiconductor diode is an electronic device which is basically a PN junction. The Fig. 4.4
shows the P N junction, the schematic symbol of a diode and a physical image of a typical diode.
The diode has two terminals called the Anode and the Cathode.
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Fig 4.4 Diode

4.3 P-NJUNCTTON BIASING
Activity 1
Take a semiconductor diode and comnect with a battery ol 3V or
above and DC bulb (torch bulb) in series as shown in the Fig. 4.5.

* Does the bulb glow in the circuit?

* If yes, do you agree that the diode connected in this

manner conducts current or it acts as a closed switch? gaﬂ;,y
. ; . s 3 Fig 4.5 Forward
When the diode is connected in this manner the lamp glows. biaved diode

"This means the diode is conducting and the current is flowing
Bulb

in the circuit. - '
Dinde W :
Activity 2 '

Now connect the diode in the circuit with its terminals reversed
as shown below when the two terminals of the diode are
-+ |I -

reversed. Itis shown in Fig. 4.6. |
Battery

* Does the bulb glow in this circuit?
Fig. 4.6 Reverse

*  Ifnot, what does it infer? hiased diode
When the diode is connected as in fig. 4.6 the lamp does not glow. It means no current is
flowing in the circuit although the battery is present. The diode does not permit the current

flow.
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From the above activities we [ind that a diode conducts in one direction only. The unidirectional
conduction property ol'a diode [inds much application in elecironics. The diode has different
electrical properties depending on the polarity of voltage across its terminals. The voltage given
to the diode to control its characteristics is called the bias voltage of the diode.

P-N junction with Forward Bias

Suppose we connect a battery to the P-N junction diode such that the positive terminal of the
battery is connected to the P side and the negative terminal to the N side as shown in Fig. 4.7.
In this condition the P-N junction is said to be forward biascd.

When the P-N junction is forward biased, the holes repel due to the positive potential of the
battery and arc foreed to move towards the junction. The clectrons are repelled from the negative
terminal ol the battery and drifl towards the junction. Because ol their extra energy (due to the
applied vollage) some ol the holes and lree electrons penetrate the depletion region, this will

. ] N-type
o &lpi'®e & & o
ol almi® @ ‘9%
oda@lpie & 0
gialpie.® .0 ‘@
cialmi'® .00 ‘®
glalpio® @ @ ‘e

1

_,{Dapletion L_

region
It

[

Fig 4.7 Forward biased PN junction

reduce the potential barrier. Then more majority carricrs drift across the junction. Once the
potential barricr is eliminated (ic when the applicd voltage becomes equal to the barricr potential)
by the applied vollage, junclion resistance becomes almost zero and a low resistance path is
gstablished. This results in a flow of current in the circuit. This is called the forward current.
P-N Junction with Reverse Bias

The positive terminal of'a DC source is connecled o the N side ol the diode and the negative
terminal to the P side. This type of connection is known as reverse bias. The Fig. 4.8 shows a
reverse biased PN junction.
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Kig. 4.8 Reverse biased PN junction

The holes in the Pregion are attracled towards the negative terminal ol the battery, The electrons
in the N region are attracted towards the positive terminal of the battery. Thus the majority
carriers are drawn away from the junction. This action widens the depletion region and increases
the barrier potential. i.e. the potential barrier widens. The increased barrier potential makes it
morc difficult for the majority carricrs to diffusc across the junction.

[n carlicr chapters we have seen that a few minority carricrs arc also gencrated duc to thermal
agilation. As soon as a minority cartier is generated it is drifled across the junction because of
the applied vollage. The rale ol generation o'minority carriers depends upon the temperature.
[f'the temperature is fixed. the rate of generation of minority carriers remains constant. Therefore
the current, due to the flow of minority carriers remains the same whether the battery voltage is
low or high. For this reason this current is called reverse saturation current. This current is
very small as the number of minority carricrs is less and is of the order of nano amperes in
silicon diede and micro amperes in germanium diode. This is one ol the reasons for which
silicon diodes are more prelerred than germanium diodes.

4.4 V-ICHARACTERISTICS OF A P-N JUNCTION DIODE

Fig. 4.9 shows the V-1 Characteristics of a P-N junction diode. It is the graphical representation
ofthe relation between voltage across the junction and the current through the diode. Usuvally
voltage is taken along x -axis and current along v-axis.
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Fig 4.9 V-I characteristics of o P-N junction

[ig. 4.10 shows the circuit arrangement for determining the V-I characteristics of a P-N

Junction,

Fig. 4.10 Circuit civangement for forward characreristics

Activity 3
Using your school laboratory select meters of appropriate vatings and assemble
a circuit as shown in Fig. 4.10. Increase the input voltage from zero enwards
and note down the corresponding meter readings and draw the forward
characteristic curve of the Si diode.
o What are the voltage and current ratings of voltmeter and ammeler selected
respectively? Can you select a 0-250 V voltmeter and 0-10A ammeter? Why?
o Verify whether the curve obtained matches with that given in the following
section.
In the above circuit the maximum voltage across the diode fo be measured is
less than 1V, For Hus if we select a 0-250 V voltmeter it 1s difficult for us to note
the reading. The Current through the diode expected is only of the order of nuili
ampere. So if we select 0-10A ammeler, the reading on the anmeter may not be
properly readable. That is why we should select meters of appropriante range.
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Forward Bias characteristics

From this circuit we find that the diode current is very small for the first few tenths of a volt.
The diode does not conduct well until the external voltage overcomes the barricr potential. As
we approach 0.3y lor Ge and 0.7v lor Si, larger number of [ree electrons and holes start
crossing the junction. Above that vollage even a small increase in the vollage produces a sudden
increase in the current. The voltage at which the current starts to increase rapidly is called eut
in voltage or knee voltage. Here the P-N junction behaves as an ordinary conductor.

I (mA)

Forward bias

80 |

60 |

40

20 +

Fig 4.11 Cut in voltages of St and Ge

From the graph (Fig. 4.11) it is noted that for a silicon diode the cut in vollage is approximately
0.7V whereas for 4 germanium diode it is about 0.3 V.

Ideal diode

We have seen that a diode has a very important property that it permits only unidirectional
conduction. It conducts well in the forward direction and poorly in the reverse direction. It
would have been ideal il'a diode actled as a perlect conductor when lorward biased and asa
perlectinsulator when reverse based. The V-Tcharacleristics ol such an ideal diode would be
as shown in Fig. 4.12. An ideal diode acts like a switch. The forward biased diode acts as a
closed switch and offers zero resistance whereas the reverse biased diode acts as an open
switch and offers infinite resistance.
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Fig. 4.12 Ideal diode characteristics

Static and Dynamice Resistance of a Diode

No diode can act as an ideal diode. A diode does not behave as a perfect conductor when
forward biased .1t offers small resistance when forward biased. Fig. 4.13 shows the forward
charactcristics ot a typical silicon diodc.

i
{maA)

20

) ‘i‘."iE Al 'l
10 E—----——!--—----——-——a-—- .- !
5F Ry
0 mi i 1 1 :1_ L

1] 0.2 0.4 0.6 0.8

Ve (V) —

Fig. 4.13 forward characteristics of a silicon diode

DC Resistance or Static Resistance

When forward biased a diode offers a definite resistance in the circuit. This resistance is
known as the forward resistance of the diode. The DC resistance or static resistance is simply
the ratio ol the DX voltage across the diede to the DC current lowing through it.

Ttis clear [rom the Fig. 4.13 that the de resistance ol'a diode varies as the current changes.
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AC Resistance or Dynamic Resistance

The resistance offered by the diode to the AC signal is called dynamic resistance. It is the ratio
of change in voltage to the change in current.

Change in Voltage AV V, -V,

w  Change in Current Al I,-1,
Nole:- The Greek feiter A (Delta) means: ™ a change of . So Al is the change in current.
Generally it indicaies a small scale.
Reverse Bias Characteristics
'To obtain the reverse bias characteristics we use the same circuit with few changes as shown
inthe Fig. 4.14. First we reverse the terminals of the diode. Second the milli ammeter is replaced
by a micro ammeter. —

# o =
o

4, o

Fig. 4. {4 Circuit arrangement for reverse characteristics

|+

With reverse bias to the P-N junction ie P-type connected to the negative terminal and
N-type connected to the positive terminal, potential barrier at the junction is increased. Therefore
the junction resistance becomes very high and practically no current flows through the circuit.
[ lowever in practice very small current tlows in the circuit as shown in [fig. 4.15 and it is duc to
1the minorily carriers.

Vg 100 80 0
I/,. @ = »
Germanium -2
Reverse
bias Ie(A)

Fig. 4.15 Reverse characteristics of Si and Ge diodes
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II'the reverse vollage is increased continuously the kinetic energy ol electrons may become
high enough o knock out electrons [rom the semiconductor atoms. At this stage breakdown of’
the junction occurs, characterized by a sudden rise of reverse current and a sudden fall of the
resistance ot barrier region . This may destroy the junction permanently.

4.5 JUNCTION BREAK DOWN

II'the reverse voltage applied to the P-N junctlion is increased, a point is reached when the
junction breaks down and the reverse current rises sharply. This critical value of the voltage is
known as break down voltage. The junction offers zero resistance at this point.

The break down voltage depends on the width of the depletion region which depends on the
doping level.

There are two processes which can cause junction break down.
l. Avalanche breakdown

2, Zener breakdown

Avalanche breakdown

Avalanche breakdown occurs in the junction which is lightly doped and have wide depletion
region, Due to the applied voliage, there [orms an electric (ield in the depletion region. The
minorily carriers which are thermally generatled acquire energy (rom this electric lield and
collide with the electrons in the covalent bond. Due to this collision with the valence electrons
covalent bonds are broken and electron hole pairs are generated. These newly generated charge
carriers also acquire energy from the same field and collide with the covalent bond and produce
new charge carriers. This leads to an avalanche of charge carriers and the junction ofters
very low resistance. This cumulative phenomenon is called avalanche multiplication. This leads
1o the breakdown ol the P-N junction and it is known as avalanche breakdown.

Zener breakdown

Zener breakdown occurs in the junction which is heavily doped and thereby has narrow depletion
region. The breakdown vollage sets up a very sirong electric [ield across this narrow region
and this (ield is strong enough (o break the covalent bonds thereby generating electron hole
pairs. This can be a large current flow. This mechanism of breakdown is called Zener breakdown
A comparison of the two types of junction breakdown processes are given in Table 4.2.
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Avalanche breakdown Zener breakdown

1. This oceurs at junctions which are | 1. This occurs at junctions which arc
lightly doped and have wide depletion heavily doped and have narrow
layers. deplction layers.

2. Hereelectric field is not strongenough | 2. This breakdown voltage sets a very
to produce Zener breakdown. strong clectric field across this narrow

layer.

3. Here minority carriers collide with | 3. Tlere clectric ficld is very strong to
semi conductor atoms in the depletion ruplure (break) the covalent bonds
region, which breaks the covalent thereby generaling electron hole pairs.
bonds and electron-hole pairs are S0 even a small increase in reverse
generated. Newly generated charge voltage is capable of producing large
carriers are accelerated by the number of current carriers. Hence the
electric field which results in more junction now has a very low resistance.
collision and generates avalanche of This leads to Zener breakdown.
charge carriers. This results in
avalanche breakdown.

4. This breakdown occurs above 6V, 4. Zener breakdown occurs below 6V,

Table 4.2 Comparison of Avalanche breakdown and Zener breakdown

4.6 ZENERDIODE

As seen earlier a P-N junction diode under reverse biased condition breaks down at a particular
reverse voltage after which the diode becomes damaged. But if it becomes possible fora diode
to be properly used even under breakdown condition it will helpus to improve several clectronic
devices and circuits. Such a specially designed diode is called the Zener diode.

Zener diodes arce special diodes designed to operate in the breakdown region without damage.
Zener diodes have a heavily doped P-N junction which is operated in the break down region.
Zener break down oceurs due to the breaking of covalent bonds by the strong electric field set
up in the depletion region. [t produces extremely large number of holes and electrons which
constitute the reverse saturation current called Zener Current 1. The reverse voltage at which
Zener break down takes place is called Zener voltage (V).

The satisfactory explanation of reverse breakdown in diode
was first given by the Americal Scientist C. Zener. This break
down is known by his name as zener breakdown.
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A properly doped crystal diode which has a sharp break down voltage is known as a vener
diode. Appearance

——all—

Schematic Symbal

Fig 4.16 Symbol of Zener diode

The symbol of a zener diode is same as that of an ordinary diode except that the bar is turned
into Z shape. The break down region is the knee of the reverse characteristics as shown in the
Fig.4.17. From the graph it can be understood that for a large variation of current the voltage
across the diode is almost constant.

+Is
Forward
Currant
Forward
Bias
Region
Reverse Bias | ©
-
VR - I : o Ve
L A, - L e B Forward Bias
L) v
F
0.3-0.Tv
*Zener® Breakdown
Region
Iél{'r'-qrc] - — — — /7 B
Y Reverse
Constant Current
Zener Vollage g

Fig 4,17 VoI characteristics of a zener diode

The following points may be noted ubout zener diode:-

1. A Zener diode is like an ordinary diode exeept that it is properly doped so as to have a
sharp breakdown vollage.

2. A Zener diode 1s always reverse conncected i.c. it is always reverse biased.
3. A Zenerdiode has sharp breakdown voltage called Zener voltage Vz.

4. When forward biased its characteristics is same as that of an ordinary diode.
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5. Thereverse breakdown voliage ola Zener diode is small compared (o the ordinary diode
and it can be operated in the break down region.

4.7 ZENER DIODE AS VOLTAGE REGULATOR

Zener diodes are widely used as voltage retferences and as shunt regulators to regulate the
voltage across circuits. A Zener diode can be used as a voltage regulator to provide a constant
voltage from a source whose voltage may vary over the specified range. The circuit arrangement
is shown in Fig. 4.18. Tt consists ola resistor connected in series with the input vollage and a
zener diode connected in parallel with the load.

The working of this circuit is explained below.

Unregulated
power

supply

Fig. 4.8 Zener Voltage Regulator

The voltage regulator utilises the property of the Zener diode that when the breakdown is
reached the voltage remaing constant. At the same time the current through it varics as the
applicd voltage changes. When the imput voltage varics above V., of the Zener diode, it will be in
the reverse breakdown and the output voltage [which is same as V_ ] remaing constant. The
voltage V|- V, drops across the series resistor R, When the input voltage increases, the output
voltage remains constant at V,, and the current 1 increases.

[,=[V -V /R

Butl =1, +1 .As L increases, [, increases keeping 1, constant. Thus output voltage remains
constantas V=1 xR . When input voltage decreases, the current I decreases and hence [,
decrcases keeping I constant. As [ is kept constant, the output voltage remains constant. So
the Zener diode keeps the output voltage constant by varying the current through it accordingly
while keeping the voltage V, constant in the breakdown region. This voltage regulation is called
line regulation.

In this circuit, an input voltage Vi, is regulated down to a stable output voltage Vo. The
breakdown voltage of diode is stable over a wide current range and holds Vo relatively constant
even though the input voltage may fluctuate over a fairly wide range.
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A PN junction is generally known as a diode. When a PN junction is lormed, the charge
carriers dilTuse across the junction and due (o the formation of the energy barrier or depletion
layer nearby the junction, further movement of carriers is prevented. When external energy
is supplied to the junction, it is called biasing. When torward biased, the diode conducts
after knee voltage. When reverse biased, the diode acts almost as an open switch and only
reverse saturation current flows. The reverse biased PN junction after break down conducts
very large current and gets damaged. The Zener diode is a specially designed diode (o be
used under reverse biased condition aller break down. This diode can be used as a vollage
regulator because its output voltage is constant.

~ Learning outcomes

The learner is able to

¢ Draw and explain the structure of an atom.

o Explain the cffect of movement of charge carricrs ina P-N junction.
o Explain how barricr potential is sct up in a P-N junction.

o Draw the circuits and thus explain the characteristics of a diode under forward
biased and reverse biased conditions.

o Draw and cxplain the V-1 characteristics of a diode.
o Distinguish between the characteristics of germanium and silicon diodes.
o Explain different types of breakdown in diodes.

o Draw the circuit diagram and henee explain the working of Zener diode and its
characteristics.

o Dcemonstrate and thus cxplain the working of Zener diode voltage regulator.

‘\ - L]
‘@/zz €valuation items

Multiple Choice Questions

1. The lorward voliage drop across a silicon diode isabout..................
(a)2.5V. (b)3V  (¢c)10V  (d)0.7V
2. Anideal diodeis one which behavesasaperfect............o.oo.... when forward biased

(a) conductor (b)insulator (¢)resislance malerial (d) none of'these
3. Theleakage current in a diode is due to......covevveennene.
(a) minority carriers (b) majority carriers (c) junction capacitance (d)none of these
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4. [fthe temperature of a diode increases. leakage current will ...
{a) remain the same (b) decrease (¢) increase (d) become vero

5. Ifthe doping level of a diode is increased the breakdown voltage.............
(a) remains the same (b)is increased (c) is decreased (d) none of these

6.  The knec voltage for a crystal diode is approximatcly equal tothe ............. ...
{a) applied vellage (b} breakdown voltage (¢} lorward vollage (d) barrier potential

7. A Zenerdiode isalways............... biased.
(a)reverse  (b) forward (c) either reverse or forward (d) none of these

8. In the breakdown region a Zener diode behaves likea................ source
{a) constant voltage (b) constant current (¢) constant resistance (d) none of these

9. A Zenerdiodehas............. breakdown voltage.
(a) undefined (b) constant (¢)zero (d)none ofthese

10.  Zenerdiodeis........c..c...oi. doped than ordinary diode.
(a) lightly (b)hcavily {c)moderately d}nonc of these

Answer Key:

)d 2)a 3)a 4)c 5 c 6)d 7)a 8) a9 b 10)b

Descriptive type questions

Explain the formation of a depletion region in an open circuited P-N junction.
What do you understand by an idcal diode? Draw its V-1 Characteristics.

Describe the action of P-N junction under forward bias and reverse bias.

o=

Explain how unidirectional current flow is possible through a diode.
Explain the V-1 characteristics of diode.
Explain the mechanism of Avalanche breakdown and Zener breakdown

Explain any one application of a Zener diode.

o N P W

The figure 4.18 shows the circuit of a simple constant voltage supply using a Zener
diode. The constant voltage value across the Zener diode is 5V. Find the current
through [kW load.

9. With V- characteristics show how Zener diode is used as voltage regulator.
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TRANSISTOR AS A SWITCH

TRANSISTORS

INTRODUCTION

The transistor is a fundamental building block of
modern ¢lectronic circuits. It is a semiconductor
device with three terminals. Following its
development in the early 1950s, the transistors have
caused the [ast development of electronics. It has
led to the invention of smaller and cheaper radios.
calculators, computers and the vast arcna of
clectronic cquipment we see around us.

Ilave youcver seen a transistor? Different types of
transistors are shown in fig.5.1. Do you know how
many lerminals a transistor has? In lig 5.1 dillerent
packages ol transistors are shown'!. We can observe
that transistor is a three terminal device.

Fig. 5.1 Different types of transistors
Although several companies produce over a billion
individually packaged (known as discrete) transistors
cvery year, a vast majority of transistors arc now
produced in intcgrated circuits (ICs), along with
diodes, resistors, capacitors and other electronic
devices. We know that diode 1s a two terminal device
and has two semiconductor regions'. Can you say
how many semiconductor regions transistors have?

Transistors are commonly used for amplification and
switching. Amplificrs arc used to increasc the
amplitude of asignal (c.g. in public addrcss system
amplifiers are used to increase the loudness of the
sound signal or audio signal). Switches are used 1o
make a device or systern ON or OFF using electrical
signal.
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'The word "T'ransistor' was developed from the terms 'trans’ which means transfer and 'istor’
which means resistor. Therefore Transistor' means transfer of resistance from mput terminals
1o the outpul lerminals. The resistance across the input lerminals (input resistance} and that
between the output terminals (outlput resistance) can be controlled by changing the voltage
given tothe transistor terminals. This feature allows us to use transistors for various applications
like amplification, switching ctc.

5.1 BIPOLAR JUNCTION TRANSISTOR (BJT)

As we have already studied a P-type and an N-lype semiconductor when joined together, a
PN junction or diode 1s formed and its electrical properties are different in forward bias and
rcverse bias. In a bipolar junction transistor (BJ1) there are two PN junctions. We know that
in P-typc semiconductors holes arc the majority carricrs and in N-type semiconductors clectrons

are the majority carriers. In BJTs both the charge carriers, electrons and holes take part in
conduction, and hence the name bipolar®,

Structure of BJT

Based on the types of semiconductor layers used. BJTs are classified into
1 NPN Transistor

2 PNP Transistor

emitler [==--- — collecior c . :
@ Lo ddl---: © enitlr T ] et ¢
v 4 ML b te) :‘F::irul tEptt b
| o o 0 L DL o
:::: ) R
hHSET € :
{b) base
' symbod b _
(b) :
Symood
Kig.5.2.a. n-p-n fransistor Fig 5.2.b. p-n-p Transistor
I R {

)

Fig.3.2.¢. n-p-n Transistor (Cross - section)

" The name diode is devived from the fact that it has two electrodes - 'di’ meaning two and "ode' for
electrode. Transistor is the semiconductor version of briode (vacurm bube), whick is devived from
"tri' and 'ode’.

= Pransistors in whicl cirvent conduction is carsed by avy one type of charge carriers are veferred
to asunipolar fransistors, The field-effect transistors (FET) are examples which we will stidy in
the forthcoming chapfers
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When a P type semiconductor layer is sandwiched between two N-layers, the transistor 1s
known as n-p-n transistor (fig.5.2.a). Similarly, when an n-layer is sandwiched between two
p-laycrs, the transistor is known as p-n-p transistor (fig.3.2.b). fig.5.2.c shows the cross-
scction of npn transistor. Transistors arc madc cither from Silicon (8i) or Germanium (Ge)

crystal.

A Transistor {n-p-n or p-n-p}) has the following regions

()

(i)

(iii)

Emitter: This region of the transistor cmits charge carricrs. It is more heavily
doped in comparison to other regions. The physical size of this region is in between
that ol colleclor and base regions.

Base: Basc is the middle region of the transistor which is lightly doped and physically
very thin. This region accepts some ol the charge carriers by recombination and
passes most ol the carriers 1o the collectlor region,

Collector: The collector region collects majority ol the charge carriers [rom the
emilter region through the base. This is moderately doped. The colleclor region is
made physically larger than the emitter region. This is due to the fact that the
collector has to dissipate more heat.

In the transistor symbol. arrow head is there at the emitter, which indicates the direction ol
the conventional current flow. i.e., in the case of n-p-n transistor it is from base to emitter
(basc is positive with respeet to emitter), while in the casc of p-n-p itis from cmitter to basc
(cmitter 15 positive with respect to base).

‘The following arc some important points about a transistor —

Emitter layer is heavily doped. [t has the largest number of charge carriers.

Area of emitter layer is medium.

Area of base layer is the smallest. It is a very thin layer.

Base layer is lightly doped. It has a very few number ot charge carriers.

Area of collector layer is the largest.

Collector layer is moderately doped. It has medium number of charge carriers.
The junction between collector layer und base layer is called Collector-Base junction
or C-B junction.

The junction between base layer and emitter layer is called Emitter-Base junction
or E-B junction.

Activity 1

Make a matching table of the structure of a BJT using the following
words,

Emitter, lightly doped, moderately doped, collector, heavily doped,
largest physical size, very thin, moderate size, supplies charge
carriers, passes most of the carriers, accepts most of the carriers.,
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*  Doyou agree that the recombination occurring in the base region
is verif less? If so why?

»  Which region is with the largest area? Why?
Verify whether your table matches with the following.

Emitter Base Collector

Heavily doped Lightly doped Moderately doped
Supplies charge Passes most of the | Accepts most of the
carriers carriers carriers

Largest physical size | Very thin Moderate size

The base region is lightly doped and very thin. 5o it has a very less
number of carriers for recombination and therefore it passes most of
the carriers to the collector region. The collector region is made
physically large as this region has to dissipate more heat energy.

5.2 TRANSISTOR BIASING

As we studied earlier a PN junction diode can be biased in two ways either forward or
reverse. When the positive terminal ol the battery is connected to the anode ol the diode and
the negative terminal ol the batlery 1s connected 1o the cathode ol the diode, the diode 1s
forward biased. When the positive and negative terminals of the battery are reversed it is
reverse biased.

‘The different clectrical propertics in forward and reverse bias make the diode uscful as a
unidircetional device.

Similarly a transistor should also be biased for making it uscful in various applications. Ina
transistor there are two PN junctions, emitter-base junction and collector-base junction. Both
these junctions have to be biased. Based on how these junctions are biased, there are three
dillerent modes ol operation [or a transistor.

Emitter- Base (E-B) Collector- Base (C-B) Mode of Operation
Junction Junetion
Forward Reverse Active
Forward Forward Saturation
Reverse Reverse Cul-OIlf

First we shall see the active mode ol operation, which is used when the transistor acts as an
amplifier. Amplification is the most common use of a BJT. Transistor biasing for active mode
of operation is as shown in Fig 5.3. The Emitter-Base (E-B) junction is forward biased and
Collector-Base(C-B} junction is reverse biased. For this purposc a battery V is connected
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between the emitter and the base and a baltery V . is connecled between the collector and
the base'.

In the case of p-n-p transistor, (Fig.5.3.a) the emitter base junction of p-n-p is forward biased
by connccting the positive terminal of V. to the emitter and negative terminal to the basc.
The collector base junction is reverse biased by connecting the negative terminal of 'V tothe
collector and the positive terminal to the base.

Similarly for n-p-n transistor, (I'ig.5.3.b) the emitter base junction of n-p-n is forward biased
by connecting the negative terminal of V__ to emitter and positive terminal to base. The
collector base junction is reverse biased by connecting the positive terminal of V__to the
collector and negative terminal to the base. The forward biasing of emitter base junction
makes the resistance in the emitter circuit low and reverse-biasing of collector-base junction
makes the resistance in the collector circuit high.

Base Base
Emitter ‘ Collector Emitter -J.- Collector
-1 P N P — N P N
)| T = T =
Forward _Reversel y | Forward Reverse
E Bias Ig Bias 'C I Bias lg Bias I¢
E
il H i L 1 l+
I 1 | ] 1 I | [
V EE Vec Ve Vce
(a) (b)

Fig 5.3 Transisior biasing

Fig.5.3 shows the conventional flow of currents in a transistor. The emitter terminal of the
transistor cmits charges which results in the emitter current (1), Some of these carriers arc
recombincd in the basc region which causcs the basc current (1) to flow. Most of the carricrs
are collected by the collector region which constitutes the collector current (I..).

"Supply voltage s named according to which terminal it is connected to and is denoted by
double subscripts. For example V. means it is a source voltage and it is connected b the
enritter terminal. Similarly, V. means sonyce voltage winch is connected in the collector. The
valfage across the function is also denofed by double subscripts, and the more positive termminal
is written first. In branststor the voltage across Hie emitter mid the base junction fs writfen as
V,r which denotes the base voltage with veference to the emitter, Similarly, the voltage across
the collector and Hhe base jusichon is written as V which denotes the voltage at collector with
reference bo Hie base.
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5.3 WORKING OF NPN TRANSISTOR

In the N-P-N Transistor the emitter 1s connected to the negative terminal of the battery V.,
for making it forward biascd and the collector terminal is conneeted to the positive terminal of
the battery V , for making itreverse biased (fig.5.4). 1, is the current flowing through Emitter
terminal of the transistor, L, is current flowing through the base and I .is the current flowing
through the collecior.

m-Emitter region a=-Collector

+:
L e & ] H >
. &>
B B - =
p O— i @ i
I & o - ® -
I [ e H - =
.= | 8 . [ ———
Aeo— ' @t
Electrons ) Holes
- I].H—T— Fop——a— Al
=

!'Ir.. I||}I_H
Fig 5.4 N-P-N Transistor
In the N-Typc emitter the majority carricrs arc free clectrons. So, the negative terminal of V
repels the electrons of the emitter region and the positive terminal of the battery (V..)
altracts the electrons emitted by the emitter. Since the emitler junction is [orward biased, the
potential barrier at this junction is reduced and so the electrons supplied by the emitler start
moving towards the base. This constitutes the emitter current [ . As the base region is very
thin and lightly doped, only some of the clectrons emitted from the emitter recombine with the
holes, which arc the majority carricrs in this region. This constitutes the basc current 1. The
injected majority carriers from emitter to base become minority carriers in the base region.
This minority carriers can drifl through the reverse biased collector - base junction and reach
the collector region and constitute the collector current 1.

IE - IB + Ic
54  WORKING OF P-N-P TRANSISTOR

In the P-N-P Transistor, the emitter is connected to the positive terminal of the battery V _ for
making it forward biased and the collector terminal is connected to the negative terminal of the
battery V. [or making it reverse biased as shownin fig.5.5. T is the current llowing through
the emitter terminal, I is the current flowing through the base and I, 1s the current flowing
through the collector region.

In the P-type emitter the majority carriers are holes. So, the positive terminal of the supply
V., repels the holes of the emitter and negative terminal of the battery V, -attracts the holes
emitted by the emitter. So, holes start moving from the emitter to the collector. This constitutes
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n-Base
p-Emitter region p-Collector
O : O !
O i O o
I O——e E e = O
- P C—e i Otw Ot P
= o : o
o— | H oO—e
O | O . O
f(_}—-i- P O
| S
Holes Electrons v
-ﬂ—'w:—-*}-—'l'n—h— Ie
i3

Vi Voo

Fig. 5.5 P-N-P Transistor

emilter current I. Durmg the motion Irom emitter to collector, holes will pass through the base
region where some of the holes may recombine with electron. Very small percentage of the
holes emitted by the emitter recombines with the electrons in base region and this constitutes
basc current [,. The test of the holes arc able to teach the collector which produces collector
current L.

5.5 TRANSISTOR CONFIGURATIONS

When a device 1s used in a circuit we need two terminals each to connect the input signal and
the output signal. As the Tramsistor is a three terminal device, one terminal has to be common
with input and output. There are three possible ways to connect the transistor, within an
electronic circuit with one terminal being common to both the input and output. In each method
ol connection, the circuit responds dillerently to the mput signal, because the characteristics ol
each configuration is different. The three transistor configurations are

¢  Common Base Configuration (CB configuration)

¢  Common Emitter Configuration (CE configuration)

e Common Collector Conliguration(CC conliguration)
Common Base (CB) Configuration

In Comminon Base conliguration the base _

is common lo both the inpul and the — - \\ S+ e
output (fig.5.6). The input signal is applied e >/ Ve
between the emitter and the base terminals

and the output is taken across the collector T
and the base terminals. The base terminal | ‘ | ‘
is grounded or connected to a lixed | ‘ N
relerence voltage. Ves vee

Fig 5.6 Common Base (CB) Configuration
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Vv

B

A Output voltage

BE
I Output Current = 1

[

Input voltage

Input Current ¢

Inputresistance (R) = V /I Outputresistance (R ) = V1.

CH ¢
In the expression for input resistance, numerator V,_ 1s the voltage across a forward biased
junction which is very small, whereas denominator is the total current 1 and itis comparatively
large. Therefore the input resistance is very low. The output resistance of CB configuration is
very high because of its reverse biased junction.
Current amplification factor or Current gain a (Alpha)

Current amplification factor or current gain is the ratio of the output current to the input current.
In common base configuration the emitter current (I ;) is the input current and the collector
current (1) is the output current. Therefore in CB conliguration current gain is the ratio of the
collector current {I.,) to the emitter current (I, ). Tt is denoted as alpha ().

I..
o=-=

I
As we know, the emitter current is always greater than the collector current. So the valuc of
alpha () is always less than unity. The practical values in the commercial transistors range
from 0.9 to (1.99.

Expression for total collector current

[rom the above equation for «, collector current L. is o times 1. We know that when a
transistor 18 in ils active mode ol operation, the collector base (CB) junction is reverse biased.
Soevenwhenl =0 some current will {low through the collecior because of the presence of
minority charge carriers and this current is called reverse saturation current 1., .. 1., is the
reverse saturation current in CB configuration and it is the current between the Collector and
the Basc when the emitter is Open. Therefore total collector current,

]c = U'IL + ICB()

Thecurrent 1, is very small and for practical cascs it may be neglected.

CBO

Solved Problem 5.1

A transistor in common base configuration has the following parameters. [, is 20 pA and [ . is
2mA. Calculate the value of o

Ans: TCZQmA.
I, = 20uA =20x10"mA
a = L/

LS )

Downloaded from https:// Www.studiestoday&rzw



Downloaded from https:// www.studiestoday.com

We know that in a transistor TF_ = IH+ Ic:
I, = 20uA+2mA
= 20x10°mA + 2mA =2.02mA
Therefore
o= IC;’IEZ 2mA/2.02mA
= (.99
Solved Problem 5.2

In atransistor in CB configuration the emitter currentis S mA and the collector current is 4.92
mA, calculate the valuc of o.

Ansg: [, = O5mA
[, = 492mA
a = 1/I
o = 1/1,=492mA/SmA
= 0.984

Solved Problem 5.3

In a transistor in common base conliguration. the emitter current is himA. When the emitter
circuit is open, the collector current is S0pA. Find the total collector current. Given that o=0.92.

TH = |mA
[o= 30pA=0.05mA
a = 0.92

Therelore the lotal collector current
I(.‘ - G'IF_ + I(.‘T!O
= 0.92 x 1+0.05
= 0.92+0.05=0.97 mA

Check Your Progress

In a transistor in CB counfiguration the emitter current is 1 mA
and the collector current is 0.956 mA, calculate the value of a.
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Voltage gain

The ratio of the output voltage to the input voltage is called voltage gain. In CB configuration,
the output current is almost cqual to the input current. At the same time, the output impedance
is high and the input impedance is low. So the voltage developed across the output will be
high. Therefore the voltage gain of CIB configuration is also high.

Common Emitter (CE) Configuration

In Commeon Emitter configuration the emitter is common to both the input and the output . The
input signal is applied between the base and the emitter terminals and the output is taken
across the collector and the emiller terminals. As shown in [ig.5.7 the emitter terminal 18
grounded or connected to a fixed voltage point.

=
.
=|
Ves Vee
Fig 3.7 Common emitier configuration
Input voltage =V, Output voltage = Ve
Input Current = [ Output Current = I

Inputimpedance (R) = V_/I Outputimpedance (R ) = V_/L.

The input current L in C.E conliguration is very small compared to the input current I, in CB
configuration. Therefore the input impedance of the transistor 1s medium. But since the output
voltage V. and output Current I _are large - compared to those of C.B. configuration, the
output impedenec is also medium.

Current amplification factor or Current gain  (Beta)

Current amplification factor or current gain is the ratio of output current to input current. In
common cmitter configuration (CE configuration) the basc current (1} isthe input current and
the collector current (I} is the output current. Therefore in CE configuration current gain is the
ratio of the collector current (I} o the base current (I.)). It is denoted as beta ([3).

p ke
IB
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Expression for total collector current

As per the equation for P, the collector current T, 1s B times I,. We know that when a
transistor is in its active modc of operation, the collector junction is reverse biased. So even
when 1,.=0 somg current will flow through the collector because of the presence of minority
charge carriers and this current is called reverse saturation current I .. I . is the reverse
saturation current in CE conliguration and it is the current between the Collector and the
Emitter when the base is Open. Therelore the total collector current.,

I. = BIB+ Lo

The currentI . is small and so may be neglected in practical cases.

Relationship between o and

I.
We knowthat &= I_L

[

I

o= :
[.+1,

Since [/, = I,+ [. thcabovecquation becomes

Dividing both numerator and denominator of R11S by I,

L
) _ 1
we get o 1+
B
e, = P
T B+l
Therefore,
o (1+p) = p
ata p = p
o = B-af
o = B(l-o)
o
Therefore f = o
Voltage gain

The ratio of the output voltage to the input voltage is called voltage gain. In CE configuration,
the output impedance is high, and the input impedance is low and also output current I . is very
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large compared to the input current I,. So the voltage developed across the output will be
high. Thercfore the voltage gain of CE configuration is high. The CE configuration has high
voltage gain and current gain. So power gain in CE configuration is high. Hence it is widely
used as power amplifiers. lc

Fig. 3.8 CE Amplifier

Fig. 5.8 shows a CE configuration which is used as an amplifier. The input is applied between
the emitter and the base and the output is taken from the collector and the emitter. A small
change in base current results in a large change in the collector current (I..= pI;). The output
resistance of this configuration is high. The voltage is the product of current and resistance. So
an amplified output is obtained across the collector.

Solved problem 5.4:

In a transistor CE configuration the emitter current is 2 mA and collector current is
1.95 mA, calculate the value of .

I. = 2mA
I. = 19mA
B - Ic’qrs
I, =1-1I
= 2-1.95=0.05mA
p = 1/,
= 1.95mA/0.05mA
= 39

Solved problem 5.5:

In a transistor CE configuration the base current is 50 pA, calculate the value L .(B
is given as 50)

I, = 50pu4=0.05mA
B = 1/
I =PI, ™~
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50x 0.05mA  =2.5mA
I, =1+

0.05+2.5=255mA

Common Collector (CC) Configuration

In this Common Collector configuration collector is common to both the input and the output
(fig. 5.9). The input signal is applicd between the base and the collector terminals and the
corresponding output is taken between the emitter and the collector terminals,

|
~ E
P
I
|I
Vas Vec
Fig. 3.9 Common Collector {CC) Configuration
[nput voltage =V Output voltage = Vi
Input Current = I Output Current = 1

Input impedance(R) = V_ ./, Outputimpedance (R ) = V. /I

Sinee the collector basc junction is reverse biased the input impedance is very high and the
output impedance is very low. This configuration is also called emitter follower.

Infig. 5.9 wecansccthat V, =V -V, .. Since V, isvery small comparedto V..V, .=
V ¢ So the voltage gain of this circuit is unity. This implies that the emitter voltage (Output
voltage) lollows the inpul votage and hence this circuit is known as an emitter follower.

Current amplification factor or current gain y (Gama)

IE
V=1 s Therelore y is high since I >>1I .
5] )
Relationship between o, [3 and y
[From the above equation for v, we have

I,+I.

V= -, Dividing both the numerator and denominator by I, we get
B
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1+k

y = _ L

1
v o= 1+p B=1./1,)
Al 1 P !
soy = 1+p= +]_a— .

5.6 CHARACTERISTICS OF TRANSISTOR IN CE CONFIGURATION

The VI characteristics give the graphical representation of input voltage and input current as
well as outpul voltage and outpul current variations. In order 1o measure these variations
ammelers are connected in series with the base and the collector Lo measure the base current
and the collector current respectively. Voltmeters are connected in paralle] to measure the
input voltage (V .} and the output voltage (V ).

VBBZ

Fig. 5 10} Circuit arrangements for CE characteristics

Input characteristics ’

Ve =1V

To study the input characteristics, the output voltage, V . ool
is made constant and the changes of the input current for L
the variations in the inpul voltage 1s measured and plotted = |
in the graph. A family of curves may be drawn for difterent 7|
valuesof'V . 60|

From the graph the following points can be noted. =l
1.  The input characteristics resemble the forward * -
characteristics of a PN junction diode. w0l
2. Forsmall changes of V there will be a large * -
change in base current 1 ,. i.¢., input impedance «_
iS Sn'la']l‘ S I N -

3. lnput impedance ,r, = AV /Al forV = 02 o+ o5 es a0 ®
constant ' Fig. 3.11 CE input characteristics
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Activity 2
Draw the forward characteristics of an ordinary PN junction diode

and observe the similarities and differences with the input
characteristics of a CE coufiguration.

As already said the input characteristics of CE configuration resemble
the forward characteristics of a PN junction diode. In both the cases
the current is zero till the input voltage is increased above the cut in
voltage of the PN junction. After that for a very small change in
voltage the current increases rapidly.

Since there is a large change in the current flow for a small change in

AV
the input voltage, the input impedance which is equal to Tr: is

very small for a CE transistor coufiguration.

Output characteristics

It is the curve between the output current (1) and the output voltage (V.. ) at constant input
current (L,). To study the output characteristics, the input current, I is kept constant and the
change in the output current with the variation of output voltage is measured and the same is
plotted in the graph (V. VsI.}. The curve is as shownin Fig. 5.12.

AN
1CT = Active region
(mA) 2 gl Iz = 40pA
g
g
2
2 L5
h 2
-4
7 al
s =0
Vi AVer V2 VCE .

Fig 53,12 CE output characteristics
From the graph we can see that,

1. Cut off Region: Region below the curve (I, =0} 1s called cut-oft region. In this
region the emitter base and the collector base junction are reverse biased. Since
I,=0 only rcverse saturation current 1, flows through the transistor. This current
is negligible. So the transistor is off in this region.

2. Saturation Region: In this region the emitter base (EB) and the collector base
(CB) junctions are forward biased. In the saturated region, the base current |
does not produce a corresponding change in the collector current I ..
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3. Active Region: In this rcgion the cmitter base (EB) junction is forward biased
and the collector base (CB) junction is reverse biased.

4. Very large changes of 'V, producc asmall changein| .i.c. the output impedance
ishigh.
5. Outputimpedancer =AV . /Al atconstant ],
5.7 COMPARISON AMONG CB, CE AND CC CONFIGURATION

Characteristics CB CE CC
1) Input impedance (r.) Very Low Low
(about 250} (about 2.5K€2) | Veryhigh
2) Outputimpedance (r) | Veryhigh [ ligh [Low
(about 400 KQ) {about 50 K€2) | {about 500)
3) Currentamplification o= b B = « o1
factor B+1 l-a -
4) Current gain Lessthan unity High High
5) Vollage gan High High Less than unity

5.8 DCLOADLINE

In the common emitter configuration with collector resistance R_shown in fig. 5.8. the relation
between the collector 1o the emilter voltage V__and the collector current [LisV_ =V .-
[.R. Suppose that we mark the dilferent v a]ues 01 V. and [ foragivenR_ ma CE circuil.
\N hen we join these points together we get a straight lme W hl(.h COIT esponds to the equation
V.=V - LR Thislineis called the DCload line. Two points on this ling is cnough to draw
the line. This can be done by knowing the maximum values of the output voltage V , and the
output current I . When I .= 0 mA the collector-emitter voltage V .. is maximum and when
V. = 0the collector current I becomes maximum.

I (mA) | 1

R,

(Vee. ) v_(v)
Fig.3.13 DC load fine
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The out put side of a transistor in CE configuration can be represented by the equation.

Vu—; - Vcc B ]CR(_‘
When the collector current 1, =, then the collector-cmitter voltage is maximum and equal to
Vee
iee V., =V

CC oc

This gives a point on x- axis. The co-ordinate of this pointis (V ,0). This point is known as
cut-oft point.

When V =0, we get a point on the y-axis

Vo, = Ve-LR,
0 = V.-LR.
Vee

Therelore, I = R. - The co-ordinates on y-axis is (0,V_/R_). This point is known as
. - Nad¥
saturation point. The current is maximum at this point.

Fig. 5.14 shows the DC load line of atransistor connected in CE configuration.
n:i Saturation Region

(transistor Tully-ON)

Q-point
factive regian )

Cut-off Region

\ ~ (eransistor Tully-OFF")

Fig. 514 DC load fine of transistor in CE configuration

"The load line establishes the relation between the output voltage and the output current when
the load is varied from zero to infinity.

Operating Point (Q)

The operating point is a point on the DC load line which represents the values of the output
voltage V. and the output current I . of the transistor for a given input current I, whenno
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sigmal is applied. When an AC signal 1s applied to the base of the transistor (for amplification)
the collector current and the collector emitter voltage will both vary around these valucs.
Therefore this operating point 1s much important in the design of transistors for particular
applications. This is also known as Quiescent point or working point. This is the intersection
ol DC load line and input current I in the output characteristics curve in Fig. 5.14.

Activity 3
For the C.E amplifier circuit shown in Fig. 5.8 draw the DC load line if
V  =12Vand R_=6kQ

* Do you know that the equation for output voltage V. =V__- IcRc
represents a straight line? (Similar to y = mx + ¢)

»  Whyis the load line called so?

* Does the load line intersect at some point on the output characteristics
curve? What is the significance of that point?

For any value of input base current the load line gives the value of output
voltage and load Current. The load line will intersect at a particular point
on the output characteristic curve and that point is called the operating
point or Q point which has been explained in the above section.

For V=12V, Collector resistance, R_= 6k
The cut-off point on x-axis is (VCC,0)
WhereI_ =0,V  =V_ =12V Therefore the point on x-axis is (12,0)
The saturation point on y-axisis (o,V_/R )
WhenV,. =0,1.=V_ /R.=12V/6k2
i.e., IC=2 inA.
The point on y axis is (0,2mA)

Downloaded from https:// www.studiestoday&é(Bm



Downloaded from https:// www.studiestoday.com

5.9 TRANSISTORAS ASWITCH

When used as an amplifier, the transistor's base biasing voltage is applied in such a way that it
always operates within its “active” region, | lowcever, bipolar transistors can be made to work
as “ON/OFF" type solid state switches by biasing the transistor to operate in cut-off and
saturation regions.

Solid state switches are one of the main applications for the use of transistors. Transistor
switches can be used for controlling high power devices such as motors, lamps. and can also
be used in digital electronics and logie gate circuits.

A transistor acts as a switch by driving it back and lorth between its cut-oll {OFF) and

saturation (ON) regions. The operating region 18 shown in Fig 5.15.

Ic

Saturation Region

f
SRR AMAL ransistor Fulhy-0N)
Ie= o T A
60 |
50 | _
Q-point
(adive region)
40 ' -
10 b Cut-off Region
) \\ transistor “fully-OFF")
L/ P /
11] | B Ig = :
A LAY
0 a N Ve (V)
1 2 3 4 5 6

Fig.3.15 Operating Region
Cut-off Region

In this rcgion the emitter basc and collector base junctions arc reverse biased. Thercfore the
transistor is switched OL'T.
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= 1""!{-‘ t
Switch

‘open’
Fig 3. 16 Transistor as on open switch

0y

Saturation Region

\

Base-Emitter voltage V< 0.7v

Base-Emitter junction is reverse
biased

Collector base junction is reverse
biased

Transistor is in OFF state

Zero collector current flows.
VCE=VCC

Transistor operates as an open
switch

A

In this region the emitter base () and the collector base (CB) junctions are forward biased.
So maximum amouni of base current (I} is applied, resulting in maximuin collector current
(I.) Therelore the transistor is swilched “Fully-ON™.

Fig. 317 Transistor as a closed switch
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Base-Emitter voltage V> 0.7v
Base-Emitter junction is forward
biased

Base-Collector junction is forward
biased

Transistor is "fully-ON" ( saturation
region )

Max Collector current flows {I_ =
vV /R.)

V. =0 (ideal saturation }

VOUT = VCE = ”0"

Transistor operates as a "closed
switch"
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In bipolar junction transistors, there are two PN junctions and both the charge carriers
- holes and electrons are there for charge conduction. The three regions - emitter, base
and collector differ in physical size and doping level. The two PN junctions arc biascd
in three different ways which cause three different modes of operation; active. saturation
and cut-o[Tmodes. Under active mode a transistor acts as an amplifier. The total current
intransistor is the emitter current which is equal to the sum of base and collector currents.
o, p andy represent the current amplification factors for CB, CE and CC configurations
respectively. The input characteristics of CL resemble the forward characteristics ofa
PN junction diode. In the oulpul characteristic curve, active, saluration and cul oll
regions can be shown. The output voltage and current conditions can be represented
by DC load line which is a straight linc drawn on the output characteristics represented
by V .= V..-I.R . The operating point is the one which represents the zero signal
values ofT_and V__ [or a given input current I. Transistor can be used as a switch by
driving it back and forth between cut off and saturation regions.

Learning outcomes

‘The lcarner is able to
e  Explainthe significance of transistor in clectronic devices and circuits.

e  Draw the structure of a bipolar transistor and thus point out the importance of
its terminals.

e  Point out the importance of difterent modes of operations of a transistor.

e Draw the circuits and cxplain the applications of diffcrent transistor
configurations.

e  [xplain the input output characteristics of the CLE transistor configuration.
e  Construct the DC load line and thus explain its significance.

e [xplain the working of transistor as a switch.
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€valuation items

Multiple choice questions

When transistors are used as switch they usually operate in the
active region

breakdown region

saturation and cutotf regions

d.  linearregion

=]

o o

A transistor has a 3 of 250 and a base current 1, of 20 uA. The collector current, [ .,
equals

a. S00pA

b. SmA

c. S0mA

d SA

A currentratio of [ /I is usually less than onc and is called
a. DBeta b. Theta

c. Alpha d. Omega

The ends of a load line lic in

a.  saturation and cutotf

b.  theoperating point

c.  thepower curve

d the amplification tactor

The current gain for a transistor in C.E configuration is
a. /1

b' [(ffll—l

c. I/,

N

The output characteristic curve of a transistor in CE configuration shows

a. emitter current ([, ) versus collector-emitter voltage (V. ) with (1 ) base current
held constant

b. collector current (1..) versus collector-emitter voltage (V. ) with (1) base current
held constant

c. collector current ([ ..) versus collector-emitter voltage (V) with ([ ) emittercurrent
held constant

d. emitter current ([, ) versus collector-emitter voltage (V, ) with (1) base current
held constant
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7. When a silicon transistor is forward biased, whatis V- for a C-E cenfiguration?

a.  collector voltage
b. 04V

c. 07V

d.  emitter voltage

8. What is the current gain for a common-base configuration where [ =4.2 mA and
l.=4.0mA?
a. 16.80
b. 1.05

c. 020
d. 095

9. Inatransistor, the collector current is controlled by

a.  collectorvoltage
b. basec current
c. collector resistance
d. all ol these
10. Total cmitter current is
a. I -1.
b. I +1,
c. IB + I(_,
d. I,- L.

Answer key
e 2)b 3¢ 4dHa Sa 6b 7DHe [{d 9b  10)c¢

Descriptive type gquestions

1. Sketch the input and output characteristics of a transistor in CE configuration and
cxplain the shape of the characteristics qualitatively.

2. Define [ and o parameters and state the relation between them.
What are the configurations of a BJT?

4. What are the applications of an emitter follower? Why is this circuit referred to as
emitter follower?

5. Which transistor configuration has the highest power gain?
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SPECIAL TYPE
ELECTRONIC DEVICES

INTRODUCTTON

In the last chapter we studied the working of a
bipolar transistor. We know that the transistor is a
semiconductor device that can be used for
amplitication, switching ctc. Transistors may be
roughly grouped into lwo major divisions: bipolar and
tield-effect. In this chapter, we can study the general

INTRCDUCTION

6.1 FET (FIELD EFFECT TRANSISTOR)

6.2 POWER ELECTRONIC DEVICES

6.3 LIGHT EMITTING DIODE {LED} concept of the field-effect transistor (FET). FETs
are low power consuming devices than BJT and

6.4 LIQUID CRYSTAL DISPLAY (LCD) hence it makes them ideal for usc in integrated
circuits (IC's).

6.5 PHOTODETECTORS The celectronic devices used in high power

(PHOTO SENSORS) applications such as motor control are called power

electronic devices. The symbols and applications of
6.6 THERMISTORS power electronic devices such as SCR, TRIAC,
DIAC and UJT are also included in this chapter.

Another type of special electronic device is the photo
sensor (photo detector) which is used to sense light
6.8 INTEGRATED CIRCUIT {IC) energy and producc corresponding clectrical energy.
Photo diedes, photo transistors and solar cells are
examples. Light dependent resistors (LDR) are also
photo sensors, whose resistance vary when light falls
onthem.

6.7 VARACTOR DIODE

We are familiar with ditferent types of displays used
in clectronic devices, home appliances, clectronic
speedometers, eic. In this chapter we will discuss
the operations of T.TID (light emiwing diode) and T.CT>
(liquid crystal display).

Thermistors are temperature sensing electronic
components which will change its resistance in
accordance with temperature applied to it. Varactor
diode is a kind of diode which acts as variable
capacilor when its biasing voltage is changed. Tn (his
chapler we will also discuss integrated circuits (TC's),
their classification, typical examples and advantages.
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6.1. FET (Field Effect Transistors)
[Field Effect Transistor (FET) was developed in the carly 1960's. FET is a voltage controlled
device where as BJT is current controlled. FI:T's are breadly classilied mto two,

1. Junction Field Effect Transistor (JFET)

2. Metal Oxide Semiconductor FET (MOSFET)

|N-channel| [P-channel | |N-channel | | P-channel | |[N-channl | | P-channel

€ ¢ .4 -4.4.

Fig 6.1 Classifications of FET and its symbols
Junction Field Effect Transistor (JFET)
Construction of JFET

A JFET consists of a P-type or N-type silicon bar containing a pn junction as shown in fig. 6.2.
The bar forms the conducting channel for the charge carriers. If the bar is of N-type. it is called
N-channcl JTET, shown in fig 6.2.(a) and if the bar is of P-type, it s called a P-channcl JFET,
shown in fig 6.2.(b). The two PN- junctions lorming diodes are connecled internally and a
common terminal called gale 1s laken out. Other lerminals are source and drain that are taken
out from the bar as shown. D

JFET Channel
Construction
Drain
Ips
D
Igss
Gate
Vos
VGS\\ 5
Source
N-channel JFET P-channel JFET

Fig 6.2 (a) Fig 6.2 (b
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Field elTect transisior has three terminals which are called source, drain and gate. Drain and
Source are similar in [unction (o the collector and the emitter respectively ol the bipolar transistor.
The current path between these two terminals is called the "channel” which may be made of
either a P-type or an N-type semiconductor material. The control of current flowing in this
channel is achieved by varying the voltage applied to the Gate.

«  Source (S):-The terminal through which majority carriers enter the channel.
e Drain(D):- The terminal through which majority carriers leave the channel.
e Gale (G):- The terminal formed by joining the two other semiconductor regions on

either side ol'the channel internally. Ttcontrols the Mow of'majority carriers [rom
Source to Drain.

Working Principle of JFET

Generally the semiconductor "channel” of the JFET is a resistive path through which a drain
current 1, flows when a voltage is applied between the drain and the source (V ). The JFET
can conduct current cqually well in either direction. The magnitude of the current flowing through
the channel between the Drain and the Souree terminals is controlled by a voltage applicd to the
Gaite terminal, which is reverse-biased. Tn an N-chamnel JFTLT this Gale voltage is negative
while for a P-channel JFE'] the Gate voltage is positive.

[n JFE'T, under normal working condition, the Gate junction is reverse-biased and hence the
Gate current is practically zero. The reverse biased junction forms a depletion region around the
Gate area. JFETs are therefore known as depletion mode devices. If a small negative voltage
(-V ) isapplied to the Gatc the size of the depletion region begins to increase reducing the
cffective arca of the channel and thus reducing the current flowing through it. When the applicd
reverse vollage is increased the width of'the depletion region increases which in turn reduces
the width of the channel and this causes the current to decrease.

Since the PN-junction is reverse biased. only a little current will flow through the gate terminal.

Asthe Gate voltage (-V ) is made more negative, the width of the channel decreases until no

more current flows between the Drain and the Source and the FET is said to be "pinched-oft”

{(similar to the cut-off region for a BIT). The gate voltage at which the channcl closes is called

the "pinch-oft voltage”, (V).

Comparison between BJT and FET

I.  InalFET, there is only one type of carrier, holes in P-type channel and electrons in N-type
channel. For this reason, it is called a unipolar transistor. However, in a BJ'T, both the holes
and the electrons play part in conduction. Therefore, an ordinary transistor is called a
bipolar junction transistor.

b2

Asthe input circuit (i.e. Gate to source) of a JFE'D is reverse biased, the device has high
input impedance (of the order of 100 MQ). [Towever the input circuit of an ordinary
transistor is forward biased and hence has low input impedance.

3. Thedrain current (1)) is determined by the gate voltage (V) in JFET, whereas the basc
current determines the collector current in bipolar junction transistors. That means, JFET
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is a voltage-controlled device, and the bipolar junction transistor (BJT) is a current-controlled
device.

4. Asthere is only one type of carrier (majority) takes part in conduction, FET is less
temperature dependent. But in BJT both the majority and minority carriers take part in
conduction. Therefore it is temperature dependent.

3. There are no junctions in the current path of FET, but in BJT there are two junctions in the
current path (E-B junction and C-B junction). Thercfore FET is less noisy compared to
BIT.

Applications of JFET

The junction ficld effect transistor has many applications in the ficld of clectronics and
communication. Some ol these applicalions are staled below.

1. Lownoise and high input impedance amplitier

2. Switching applications

3. Voltage Variable Resistance (VVR)
MOSFET

The second type of FET is Mctal - Oxide semiconductor FET (MOSFET). Like JFET, it also
has a source, gale and drain. However, unlike JFTIT, the gale of'a MOSFI:T is insulated [rom
the channel. Because of this the MOSFET is sometimes known as IGFET which stands for
insulated gate field effect transistor.

MOSFET5s are further classified into two- Depletion type MOSFET and Enhancement type
MOSFET. The primary difference between the two types of MOSFETs is in their constructions
and modcs of operation. Fig. 6.3 shows the symbol of N-channcl and P-channel depletion mode
MOSFET.

Fig.6.4 shows the svmbel of N-channel and P-channel Enhancement mode MOSFET.

5 P }_D D
s 3 J%I
2 * = . ::‘s

g S
N-channel P-channel N-channel P_channel

Depletion Mode Enhancement Mode
Fig. 6.3. Symbols of depletion mode MOSFETs  Fig 6.4. Symbols of enhancement mode MOSFETs
Applieation of MOSFET

I.  Usedindigital ICs, Microprocessors, memories ete.

High input impedance amplifiers

W

UPS and Inverters.

Iﬂ@ﬂ%fnloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

‘o o

Fig 0.5, Tvpical JFET and MOSFET Packages

P
i

Complementary MOS (CMOS)

Have you heard about CMOS technelogy? CMOS means complementary metal-oxide-
semiconductor and it is a technology used for constructing very low power digital 1Cs. CMOS
uscs a combination of P-channel and N-channel Enhancement-mode MOSTETs (PMOS and
NMOS), wired in series.

The main advantage of CMOS design is its extremely low power consumption. The tolal power
dissipation ol the circuit is in nano watls. Hence CMOS 1Cs are normally used in calculators,
digital watches, computers and satellites.

6.2. POWER ELECTRONICDEVICES

Power elecironic devices are those, which can handle currents up Lo several thousand amperes
and voltages up to kilo volt range.

SCR (Silicon Controlled Rectifiers)

The SCR is a three terminal semiconductor swilching Arnde Anvade
device which is probably the most important circuit element

other than diode and transistor. SCR can change AC to P

DC and at the same time it can control the amount of N

power to the load. Apart from anormal diodec SCR hasa | }Z
third terminal called the gate lor controlling the rectilication.  zate ; )

SCR consists of four semiconductor layers and three pn N bete
junctions. It can be considered as an ordinary rectifier —|_E hode athode

{PN-junction) and a junction transistor (NPN) combined

in one unit to form pnpn device as shown in fig. 6.6. Iig.6.6. SCR - structure and symbol

['ig.6.6 shows the symbol of SCR. Threc terminals arc taken- one from the outer P-type matcerial
called Anodc (A), sccond from the outer N-type material ealled Cathode {K) and the third from
the base ol transistor section called Gate (G). Tn normal operatling conditions o SCR, anode is
held at a high positive potential with respect to cathode and the gate at a small positive potential
with respect to cathode.

Working of SCR

[n asilicon controlled rectifier, load is connected in series with anode. The anode is always kept
at positive potential with respect to cathode. The working of SCR is as follows.
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———— @ Hovoltage @§—

Jr1 Jz2) Jd3

—{elnlp[]

R v
Fig 6.7 SCR with gare open
(1) When Gate is open: Fig.6.7 shows the SCR circuit with gate open i.e. no voltage is
applicd to the gate. Under this condition, junction I is reverse biased while junction
J, and J_arc forward biascd. [Ience, the situation inthe j Junctions ] and J_arc just
a% in NPN transistor with basc open. Conscquently, no current flows through the
load R, and the SCR is Cut-oll. However, ilthe applied vollage is gradually increased,
a smge is reached when reverse biased junction J, breaks down, The SCR now
conducts heavily and is said to be in the ON slate. “The applied vollage al which
SCR conducts heavily without gate voltage is called breakover voltage. Commercially
available SCRs have breakover voltages from about 50 V to 800 V.
I
II

n 12Yr3
[
Ty K

PIm |p|n  J
——t

wi—|| |—=
|
R Vv
Fig 6.8 SUR with gate voltage applied
(2)  When the gate is positive with respeet to cathode: The SCR can be made to conduct
heavily at smaller applied vollage by applying a small positive polential to the gale
as shown in [ig. 6.8. Now the junction I, is forward biased and junction I is reverse
biased .The electrons (rom N-type matenal slart moving across junction J_ towards
left whereas holes from P-type towards right. Consequently, the electrons from the
Junction J, are attracted across junction J, and gate current starts flowing. As soon
asthe gaté current flows, the anode current increases. The increased anode current
in turn makes maore electrons available at the junction J,. This process continues
and in an extremely small time, junction J, breaks down and SCR starts conducting

o
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heavily. Once SCR starts conducting, the gate loses its control. Even it the gate
voltage is removed, the anode current does not decrease at all. The only way to
stop conduction (i.e. to bring SCR in the off state) is to reduce the applied voltage

SCR Phase control

Consider that an AC signal is applied to the circuit shown in fig. Then during the
positive half cycle of an AC sinusoidal waveform, the SCRis forward biased (anode
positive) and can be triggered "ON" using a gate signal or pulse. During the negative
half cycle, the anode becomes negative while the cathode is positive. The SCRis
reverse biased by this voltage and cannot conduct even if a gate signal is present.

So by applying a gate signal at appropriate time during the positive half of an AC
waveform, the SCR can be triggered into conduction until the end of the half
cycle. Thus phase control (as it is called) can be used to trigger the SCR at any point
along the positive half of the AC waveform and this property of SCR is utilised in
the power control of AC systems.

Load Conduction

WA
SCH:S%_‘ -_'i |

Yo g

Trigger Angle

to zero.
Applications of SCR
1.  Heatcontrol

Activity 1

Consider the circuit shown in fig. 6.9, when the
switch S, is closed, what happens to the
Speed control of motor  intensity of the lamp while adjusting the

Light-dJimming circuit variable resistor R ?

Conducticn

Battery charger
UPS

G W

VAG

Fig 6.9
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TRIAC

The TRIAC is athree terminal device, which can conduct in cither direction, when triggered by
a posilive or a negalive pulse irrespective ol the polarity ol the vollage across ils main lerminals.
The TRIAC behaves like two SCRs connected in parallel but in opposite direction, with a
common gate terminal i.e. the anode of one SCR is connected to the cathode of the other and
their gates are connected together. Thus anode and gate voltage applied in either direction will
trigger the TRIAC. It is due to the fact that the applied voltage will trigger at Ieast onc of the

SCRs connected in opposite direction.
The TRTAC's are available with very high
current ratings and high voltage. When
voltage in the positive half cycle of AC
exceeds the positive break over voltage
(break over voltage of the SCR in that
dircetion), the TRIAC conducts in that
direction. Similarly when the voltage in
the negative half cyele of AC exceeds the
negative break over voltage (break over
voltage of the SCR in that direction), the
TRIAC conducts in that dircction. These
conducting voltages in cither direction can
be varied by varying the gate current.

Application of TRIAC

MT2
7 MT2
SCR1 \/ SCrR2
o]
G

!

MTI MT1

Fig 6.10 TRIAC - equivalent circuit and symbol

The TRIAC has an important property that it can conduct current in cither forward or reverse
direction, depending upon the polarity of'the vollage across i1s terminals, This property makes
the triac very uselul to control AC machines. Some applications o TRTAC are given below

1. Electronic Fan Regulators
2. Motor speed control
3. Battery charger & UPS

Fig 6. 11 Typical SCR and TRIAC Package
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DIAC MT2

The DIAC {Diode for Alternating Current) is a two terminal device. The basic

construction ol DTAC is similar to a TRTAC, bul withoul a gate lerminal as

shown in fig 6.12.

‘The working of the DIAC is similar to that of the TRIAC except that it has no

gate terminal. Because of'this, the conducting voltage (break over voltage) of

the DIAC cannot be varied.

Applications of DIAC MT1

DIAC is normally used with a TRIAC in control circuits such as light dimming, Fig 6.12 DIAC
heat control, motor spced control cte. )

symbol
Activity 2
Consider the circuit o NN
shown in fig. 6,13, The RO MU oo
load may be a light or a e T
fan. What happens to the
foad when the

potentiometeris varied?

NEUTRAL

Fig 6.13

UNIJUNCTION TRANSISTOR (UJT)

UJT (Unijunction Transistor) is a three terminal semi conductor device with one junction. Since
the device has only one (P-N) junction, it is called the Unijunction device.

UJT Symbol and Construction

Fig.6.14.a shows the basic structure ofa
unijunction transistor. It consists ot a lightly- B2
doped N-type silicon bar with a small picce
olheavily doped P-lype material alloyved
to its one side to produce single P-N

E
. . ra - " . +—— pn -Jmnction
junction. The UJ1 has three terminals:an~ F _’ ':>

emitter (E) and two bases (Bl and B2). - Slicon

n-Type Bar
The two basc leads arc taken from the T "
N-type silicon bar. The emitter is of P- B1 Bl
type and it is heavily doped. The emitter @ (b)
I . . a
(E) junction is usually lqcated‘(:los_er to . ——
buse-2 (B2) than base-1 (B1). Fig. 6.14b Fig 6.14 UJT

shows the symbol of UJT.
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Applications
I.  Sawtooth waveform generator
2. Phase and Timing control circuits
6.3. LIGHT-EMITTING DIODE (LED)
Have you heard about LED? Where is it used?

An LED (light emitting diode) is a diode that gives visible light when
forward biascd. It is mainly used as light source, displays and for
making indicators.

Fig 6.13 A typical UJT
N2646

In LED clectrical energy is converted into optical cnergy. These
are example ol electro-luminescence, the process in which emission
of photons takes place by the recombination of excess electrons
and holes in a direct band gap semiconductor. The main advantages of using these are low
energy consumption, longer lifetime (more than 20 vears), faster switching, smaller size etc.
Fig.6.16 shows the symbol and commonly used LED's.

= ﬁ”ﬂ in oA G0

Symbol of LED Commonly used LED

Fig 6. {6 LED

Working of LED

When a PN-junction is forward biased, + | -
recombination of holes and electrons will |

occur at the junction. During i
recombination, a large amount ol energy b —_—— e

is released in the form ol heat or light,
= O 0 0 e &

How does a PN-junction generate o} 0 O_Q e—y '.' ._'o

light? hote T alectron
Consider a simple semiconductor, which ) 3% & 88888 condotion bund
is forward biased. When an electron from i T 3 An Farnl loual
the bottom of the conduction band talls  z=======--- ac £

{forbidden band)

into a hole at the top of the valance band, yalence band

Fig.6.17 Working of LED
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an energy equal 1o band gap energy (I'g}) is released in the form of [IM radiations whose

Fe Lg
frequency isgivenby v = ?L- Herehis ¥ f . the Plank's constant. In Silicon and Germanium,

the band gap energy is small (0.7eV and |.1eV) so that the frequency of the generated EM
radiation is small and great pereentage of this encrgy is given oftin the form of heat (thermal
cnergy) and as aresult, no light is emitted.

In some semiconductor materials like gallium arsenide (GaAs) or Gallium Phosphide {GaP), the
band gap energy is large so that the [requency ol'emitled radiation lalls in the visible range. The
colour emitted from the LED depends on the frequency of emission which in turn depends on
the band gap energy of the material used. Thus we can say that the colour of the LED depends
on the nature of materials used to make it. The wave length of output optical signals depends
upon the band gap cnergy. The output wave length can be made to be within certain limits by
using compound semiconductors, so that a particular color can be obscrved, provided the output
is in visible range. The lorward vollage rating o['most I.1:Ds is {rom 1V (o 3 V and [orward
current rating ranges from 5 mA to 100mA.

BICOLOUR LED +V

A LED that emits one colour when IFG Rs
forward biased and another colour
when reverse biased is called bicolor

LED. Iig.6.18 shows the working of
atypical Red-Green bicolor LED. ‘4

-V

A typical bicolour LED contains two
pn junctions thal are connected in
reverse - parallel i.e.: they are in
parallel, with anode of one being
connected to the cathode of the other.
If positive potential is applicd to the -
top terminal as shown in fig.6.18 (i), (I) (")
the PN junction on the lefl will glow
in red colour. If the polarity of the
voltage source is reversed as shown in fig.6.18 (ii). the pn junction on the right will glow in green
colour.

Fig 6.18 Working of Red - Green multi-colowr LED

Bicolour LEDs are typically red when biased in one direction and green when biased in the
other. It a bicolour LED is switched tast cnough between two polaritics, the LED will produce
athird colour, Ared /green LID will produce a yellow light when rapidly switched back and
[orth between biasing polarities.

Applications of LED

Light-emitling diodes are used in applications as power indicator, seven-segment display,
automotive lighting, advertising LED boards, dot-matrix display, background light source in LED-
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TV and tralTic signals. Inlrared I.I.Ds are also used in the remole control unils ol many
commercial products including televisions. LI lamps are used [or household applications.

The table below shows different colours of LEDs and the name of materials used

Color Wavelength 4 (nm) Materials
Gallium arsenide (GaAs)
Infrared x>=760 :
Aluminum gallium arsenide (AlGaAs)
Aluminum gallium arsenide (AlGaAs)
Red 610 <1 <760 :
Gallium arsenide phosphide (GaAsP)
B ) Gallium arsenide phosphide (GaAsP)
Orange 590 <1<610
Aluminum gallium indium phosphide (AlGalnP)
Gallium arsenide phosphide (GaAsP)
Yellow 570 <2 <590 : _ :
Aluminum gallium indium phosphide (AlGalnP)
Green 500 <21 <570 Gallium phosphide (GaP)
Zinc selenide (ZnSe)
Blue 450 <2 <500 : :
Indium gallium nitride (InGaN)
Violet 400 <1 <450 Indium gallium nitride (InGaN)
Boron nitride
) Aluminum nitride (AIN)
Ultraviolet 2. <2400
Aluminum gallium nitride (AlGaN)
Aluminum gallium indium nitride (AlGalnN)

Tuble 6.1 LED colour and maierials
6.4. LIQUID-CRYSTAL DISPLAY (L.CD)
Activity 3

Prepare a list of equipment or appliances which are using LCDs.

Liquid Crystal Displays (LCDs) are commonly found like television, computers, digital watches
mobile phone displays etc. They have become very common among display devices replacing
Cathodc Ray Tubces (CRT). CRT draws more power than LCD and is also bigger and heavicr.
Let us discuss the working ol an L.CD,

We get the definition ol T.CD [rom the name "Liquid Crystal" itsell* TLis actually a combination
oftwo states of matter - the solid and the liquid. They have both the properties of solids and
liquids and maintain their respective states with respect to another. Further studies have shown

&ﬁmloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

that the liquid crystal materials behave more as in liquid state than as in solid state. Tt must also
be noted that liquid crysials are more heal sensitive than usual liquids. A little amount ol heat
can easily turn the liquid crystal into a liquid.

Basie structure of an LCD

Aliquid crystal cell consists of a thin layer (about 10 mm) of a liquid crystal sandwiched between
two glass sheets with transparent electrodes deposited on their inside faces. With both the glass
sheets which are transparent, the cell is known as transmittive type cell. When one glass is
transparent and the other is with a reflective coating, the cell is called reflective type. The LCD
doesnot produce any illumination ol'its own. It, in fact, depends entirely on illumination [alling
on il [rom an external source lor its visual elfTect,

Fig.6.19 Some examples of LOD displays

Advantages and Disadvantages of LCD
The liquid-crystal display has low power consumption, typically of the order of microwatts. It is
of low cost and good contrast. LCDs do not emit electromagnetic fields.

The main drawbacks of LCDs are additional requirement of light source, poor visibility in low
ambicnt lighting and low viewing angle.

Applications of LCD

LCDs arc uscd in awide range of applications inctuding computer monitors, televisions, nstriment
panels and Vehicles' (Car) Dash board. They are common in consumer devices such as video
players, gaming devices, clocks, walches, calculators, microwave ovens and mobile phone
display.

6.5. PHOTODETECTORS (PHOTOSENSORS)

Photodetectors (Photosensors) are used (or detecting light signals. The photo detector devices
can be classified as lollows

1. Photorcsistors [Light Dependent Resistors (LDR)]

2. Photodiode
3. Phototransistor
4

Photovoltaic cells (solar cells)
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PHOTORESISTORS OR LIGHT DEPENDENT RESISTORS {LDR)

A photoresistor or light dependent resistor (LDR) 1s a resistor whose resistance decreases with
increasing incident light intensity. Tn other words, it exhibits photoconductivity. DR is used in
automatic light sensing circuits, safety systems., amusement etc.

Fig.6.20.(a) shows LDR symbol. Photoresistors are of various types. Fig 6.20.b shows
constructional view of LDR. In this, a strip of photoresistve material is made by cadmium
sulphide. This material is inexpensive, so it is used in many consumer items such as camera light
meters, alarm devices, outdoor clocks, solar strect lamps, bed lamps cte. Fig 6.20.¢c shows
typical LDR,

Substrate
¥

‘/ Thin Strip of

| Photoresistive
/ l4— material

P 1| (Cadmiumsulphide)
A
A

I R (cen

(a) LDR Symbol (h) LDR Constructional view (c) Typical LDR

Fig. 6. 20 LDR

A photoresisior is made ola high
resistance semiconductor., Tl light
falls on the device, photons
absorbed by the semiconductor
give bound electrons enough
cnergy to jump into the conduction
band. The resulling [ree eleciron
(and its hole partner} conduct
electricity, thereby lowering
resistance. Normally the
resistance of an LDR is very high,
somcetimes as high as IMQ, but
when they are illuminaled with
light the resistance drops
dramatically. Photoresistors are
basically photocells.

PHOTODIODE

Activity 4
Set up this circuit and observe the status of LED
when the torch is made ON and OFF.

1.2 K ahm

+5 Volt

l W
10 K ohm
1.2 K ohm
Sy
<> LDR
GND

Fig 6.21 LED switching

A photodiodc is a reverse-biased silicon PN junction in which the reverse current increascs
when the junction is exposcd to light. The reverse current in photo-diode is directly proportional
lo the intensity ol light falling on its pn junction. This means thal greater the intensily ol light
falling on the PN-junction of photo diode, the greater will be the reverse current.

If@j%mloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Fig 6.22 shows the symbol of
photodiode . The inward arrows Light
represent the incoming light. Fig
6.22 also shows the typical
structure of photo diode. It
congists ofa PN junctionand a
glass window ismounted on the
top of'the case to allow light to

Lens

i_lb

Anodea (A) - Cathode (K}
Sl g

enter and strike the PN junction. -

The two leads extending from the Vee

case are labelled anode and Fig 6.22 Photodiode symbol and structure
cathode.

Applications of photodiode
1. Burglaralarm

2. Photodiodes are often used for measurement of light intensity. For ¢.g. camera
light meters

4

They are also widely used in various medical applications, such as detectors for
computer tomography.
4, ltisoften used for optical communications and in lighting regulation.

PHOTOTRANSISTOR

The phototransistor is a semiconductor light sensor formed from a basic transistor with a
transparcnt cover which allows light to fall on the basc of the transistor. The principle of working
ol phototransisior is same as that ol'a photediode. A photlotransistor, however, is much more
sensitive to light and produces more outpul current for a given light intensity than a photodiode
does. A phototransistor has a photosensitive collector base PN junction. The current induced by
the photoelectric effects is the base current [, of'the transistor . The resulting amplified collector
current is given as [c=p [ . The fig. 6.23 and fig.6.24 below shows the symbol and physical
appcarance of a phototransistor.

Light
W

Collector
u £ | Flat spot and
b (‘ shorter pin
B indicate the
i emitter (E)
E Cumrent Samrinal
Emitter
E
C

Fig.6.23 Phototransistor
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Application

They arc used in light controllers in highways. level indicators and counting system.

AN

I

Fig.6.24 Typical Photo diode and photo transistor packages
SOLAR CELL (PHOTOVOLTAIC CELL)

Solar cell (a photovoltaic cell} is a device which converts light cnergy into clectrical energy. Itis
a lorm ol photoelectric cell (lhe electrical characleristics-e.g. current, vollage, or resistance-
vary when light is incident upon it} which, when exposed o light, can generate and support an
electric current without being attached to any external voltage source.

Photovoltaics is the field of technology and research related to the practical application of
photovoltaic cells in producing electricity from light, though it is often used specifically to refer
to the generation of clectricity from sunlight. Cells can be described as photovoltaic cven when
the light source is not necessarily sunlight (lamplight, artificial light, etc.).

A PN junction of suitable matcrial like silicon, germanium, selenium cte can be used as solar
cell. Figure 6.25 (a) shows the basic consiruction ol silicon PN junction solar cell. The lop
surface area must be perpendicular to sunlight to ensure maximum power. The metallic conductor
connected to the P-type material and thickness of the P-type material is such that o maximum
number of photons of light energy will reach the junction.

Incident sunlight (lass N

NN ~

, ] AT
o i,

e

Metallic contact

a) construction b) symbol

Fig.6.23 Photovoltaic cell
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Light [rom the sun is allowed (o [all on an unbiased PN junclion as shown in (ig 6.25 (a).
Photons ol lightenergy in this region collide with the valance elecirons and generate a cenduction
band electrons and holes. This phenomenon will oceur on either side of the junction.

[n the P-region, newly generated electrons are minority carriers. As in an ordinary diode, these
minority electrons will move freely across the junction to the N-region. Similarly, the minority
holes from the N-region will move to the P-region. This results in reverse current due to minority
carricrs in the PN crystal. If an external resistor is connected between the contacts on P and N-
regions, current will flow through il. The vollage across the diode terminal 1s photovoltaic em[
andis ol the order ol 0.3V lor silicen cell and 0.1V [or germanium cell.

6.6. THERMISTORS
[1ave you cver thought how the temperature is sensed?

We can sense (detect) temperature using a thermistor. Thisis a
lype ol resistor whose resistance varies signilicantly with
temperature, more than that in standard resistors. "Thermistor’
is the combination of the words 'thermal' and 'resistor’. The
typical package of a thermistor is as shown in fig.6.26.

The thermistor is a temperature sensitive resistor; that is its
terminal resistance is related to its body temperature. Itis nota
junction device and is made ol Ge, Si or a mixture ol oxides ol
cobalt, nickel, strontium or manganese. The compound employed
will determine whether the device has positive or negative temperature coefficient. They have
great resistance at low temperatures but when they warm up their resistance decreases rapidly.
Current can then flow through them. This makes them ideal for a temperature sensor. Thermistors
achicve a higher precision within a limited temperature range, typically -90 °C to 130 °C.

Fig.6.26 Thermisior- Typical
puckuge

Applications of Thermistor

Thermistors are widely used as current limiters, temperature scnsors, resistance thermomcters,
and self-regulating heating clements

LI The first NTC (Negative Temperature Co-efficient) thermistor was discovered in
1833 by Michael Faraday, who reported the semiconducting behavior of silver sulphide.
Faraday noticed that the resistance of silver sulphide decreases dramatically as
temperature is increased. Since early thermistors were difficult to be produced and
technology were limited, commercial production of thermistors began only after 1930s.

O  The thermistor was invented by Samuel Ruben in 1930

0.7. VARACTORDIODE (VARICAP)

We have studied about variable capacitors. But a Junction diode which acts as a variable capacitor
under the influence of varying reverse bias voltage is known as Varactor diode. The Varactor
diodc is also called Varicap diode and Variable capacitance diode.
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DEPLETION REGION
LEAD LEAD

_j— P N i A_DH_K
f A

EFFECTIVE PLATE EFFECTIVE PLATE
EFFECTIVE DIELECTRIC

() (b)
Fig 6.27 Varicup - construction und symbol

The capacitance is formed with PP and N regions as conducting plates and the depletion region
as dielectric. When the reverse voltage is varied, the width of the depletion region varies. So the
capacitance varies as the separation between the conducting plates changes. Thus the varactor
acts as a voltage controlled capacitance.

Application

Varactors arc used as voltage-controlled capacitors. They are commonly used in voltage-controlled
oscillators. and frequency multiplicrs. Voltage-controlled oscillators have many applications such
as [requency modulation {or FM transmitlers

6.8. INTEGRATED CIRCIUT (1C)

The most advanced electronic circuits contain millions of diodes, transistors, resistors, and
capacilors. These components are fabricated onto walers, or chips, ol semiconductor material,
usually silicon. The chips are enclosed in little boxes or cans with pins for connectlion (o external
components.
IC - Classification
An integrated circuit consists of various electronic components and their inter connections in a
single small semiconductor chip. There are four basic types of constructions employed in the
manufacturing of integrated circuit, namely
1. Monolithic TC:-In this TC all electronic components (resislors, capacitors, diodes
and transistors) are made on a single wafer (substrate) of semiconductor. This type
of 1C's are used widely.
2. Thin-film 1C :- In this 1C, the thickness of the substrate is kept 0.001 inch or 0.0025
cmonly.

4

Thick -film 1C :- Thickness of substrate material is kept more inthis type of IC. in
comparison to athin film 1C.

4. Hybrid:- These ICs are formed either by combining two or more monolithic 1C's or
by combining monolithic 1C's with thick film or thin film components.
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IC -Package type

There arc four popular IC packages arc available.

. The metal can (TO) package
. The DualInline Package(DIP}
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Advantages of IC technology First Integrated circuit
[ntegrated circuits have several advantages In 1958 - Jack Kilby -Texas Instruments
over individual, or discrete, components. developed Integrated circuit
1. Compaciness-extremely small sive A device having multiple electrical
2. Highspeed components and their interconnections

3. Lowpower requitement manufactured on a single substrate.

4. Reliability This is shown in photo

Evolution of ICs

In early days of integrated circuits, only a
few transistors could be placed on a chip. So
the degree of integration was small, the design
proccss was relatively simple. Now-a-days
with good design and thorough planning
millions and billions ol transistors could be
placed on one chip. The table below shows
classification of [C technology based on the

number of transistor's fabricated on the chip. . Fig.6.29 FIRSTIC
Technology Name Number of Transistors per chip
SSI-Small Scalc Integration <10
MSI-Mcdium Scale Integration 10-100
LSI-Large Scalc Integration 100-1000
VLSI-Very Large Scalc Integration 1000- 10,000
ULSI-Ultra Large Scalc Integration 10.000-1,00,0000 >
GST- Giga Scale Tntegration = 1,00,0000
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Typial examples of- 1C ;
Integrated circuits can be divided into two MOORE S LAW

further groups: analog (Imear) and digital.
The output voltage of linear circuits is
continuous and follows changes in the input.
OP AMP- 1C-741

Typical representative of a linear 1C is an
Operational Amplifier (OPAMP-741). Fig
6.30 below shows symbol and DIP package
of IC-741. Operational amplificr is also
termed as Op-Amp. Basically it is a
differential amplifier having two inputs and
the output is the amplified form of the —
difference of'the two signals applied to these ' %‘?
two inputs. Out of these two inputs, one input i Sl

is known as inverting input and the other (.
input is called non inverting input. The main
features of this 1C are its very high gain and
very large bandwidth.

In 1965, Gordon Moore noted that the
number of transistors on a chip doubled
every 18 to 24 months.

g /{’//;Wn‘
'f/", 1
1752 /3

~ =N
= ¢b4§;!};

This IC is widely used for performing
various mathematical operations such as
addition, subtraction, multiplication, division, integration, differentiation, logarithm, antilogarithm
cte. This is the reason why the IC is known as operational amplificr.

V'S+ ‘I \\._.—/ 8
ottset mari| @ — Ne
v 7
: 1S )
V. 3 6
vE ™| — Y
V- 4 5
-UN_ [ atfset null
(i) OPAMP Symbol (i1} OPAMP-Pin-out diagram (i JOPAMP-DIP Package

Fig.6.30 Op-amp symbol, pin diagram and package
Digital 1Cs

About 80 percent of the [C's in market are digital ICs. Their output voltage is not continuous. It
is cither LOW or T1I1GI 1 and it changes from one state to the other very quickly i.c.: switching
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functions. Digital IC's include circuils such as logic gales; memory chips, calculator's chips,
microprocessors ele. Typical examples lor digital TC's are given below,

A. Timer 1C-555
One ol'the most popular and widely used IC in electronic circuils is TC-555, which is called
Timer. The 1C is mainly used as monostable and astable multivibrators. It can produce accurate
and highly stable timing pulses or time delays.
Important features of [C-355

1. Ttoperales on +5V 1o +18V de supply vollage.

2. Adjustable duty cvele.

3. Thetiming of the pulse can be varied from micro seconds to hours.

The pin-out diagram and NE-555 with DIP- package are shown in fig.6.31 (a)and (b)

GND

=

-

I

RESET| 4|

a. Pin-outdiagram of IC-555| b. DIP Package IC-333

Fig.6.31 335 IC - Pin diagram and package

Application of TC-555
1. Reclangular/square wave generator A 335 astable mullivibrator is used lo generate
areclangular wave olany duty cycle. Tt can be modilied to generale square waves.
Also the circuit can be modilied as a ramp generator. The 555 Timer TC 1s widely
used in decorative displays and various security systems.
2. limercircuit
3. Music generation
B. Inverter or NOT Gate 7404

The Logic NOT Function is simply a single input inverter that changes the input of a logic level
"1" to an output of logic level "0" and vice versa. The logic NOT function is so called because
its output statc is NOT the same as its input statc. Commonly available logic NOT gatc is two
typesie. TTL.Logic Types and CMOS ogic Types. The table below shows some examples off
Inverter IC's,
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Activity 6 Try these circuits
Circiui-1: Astable Multivibrator Circuit 2- Monostable Multivibrator
'\u'u‘-
: ! E |
i FESET ¥ RESET V.,
n o ::i"'uu An
- H i g ] O
; TR o OuT 1A c um‘[f\/}fmm
THiG LED TRIG 11D
@D CTAL GHD_CTRL
13 ™ ER
T o | T
GHD .
R1=100 KQ R=1MO
LS R1=330 @
Sy C=10pF
Fig.6.32 Multivibrator civeuits
TTL Logic Types CMOS Logic Types

741804 -TTex Inverting NOT Gate
74L804- Tex Inverting NOT Gate
741.5100-4 Hex Inverting Drivers CD4009 -Hex Inverling NOT Gale
CD4069- Hex Inverling NOT Gale

BJT is a current controlled device while FET is voltage controlled in which current
conduction is caused by only onc type of charge carricrs i.c., cither clectrons or holes.
[lence it is called unipolar. Flow of carricrs from source to drain is controlled by the gate.
The negative gate- source vollage applied increases the size ol the depletion layer and
hence reduces the current flow through the channel. The gate voltage at which the
channel closes and no current flows through the channel is called pinch off voltage. JEE'T
is used as a buffer amplifier. In MOSFET the gate is insulated from the channel. When
gate voltage is negative the device operates in the depletion mode and when gate voltage
is positive the deviee operates in the enhancement mode. Digital [C's, microproccssor
memeories, amplifiers, oscillators, communication systems etc. use MOSFIET. CMOS
circuits use a combination of PMOS and NMOS. CMOS technology is used for
microprocessors, microcontrollers, RAM and other logic circuits. SCR, TRIAC, DIAC
and UJT are power circuit devices which can handle currents upto several thousand
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amperes and vollages uplo several kV. SCR can be considered as an ordinary rectlilier
and a junction transistor. Tt can change AC to DC and at the same time control the
amount of power to the load. [t is used for the speed control of motor, light dimming
circuit, UPS etc. TRIAC is a three terminal device which can conduct in either direction.
It is used for electronic fan regulators, motor speed control, UPS etc. DIAC which isa
two terminal device is used as a triggering circuit for TRIAC. UJT is used as wave form
generalor, oscillator triggering circuit, phase control circuit ete. LD 15 a diode that emits
visible light when lorward biased. Tt is used as light source in displays and indicators.
LCD's are used in computer monitors, 1V's, video players ete. Photo resistors, photo
diodes, photo transistors, solar cells etc. are photo sensors used for detecting light signals.
Thermistor is a temperature sensitive resistor. A varactor diode acts as a variable capacitor
under changing reverse bias. The most advanced clectronie circuits containing millions of
diodes, transistors, resistors and capacitors [abricated into chips of semiconductor materials
are called IC's. TC technologies are developed in SST, MSI, T.5T, VI.ST, ULST and GI.ST
stages. Timer 1C 555, Inverter 1C 7404 etc. are examples of digital 1C's.

The learner is able to
e  Explain the working of clectronics devices like FET, MOSFET and CMOS.

e  Identify the power clectronies devices such as SCR, TRIAC, DIAC and UIT and
point out their applications.

e  Explain the working and applications of photo sensor deviees like LDR, photo diode,
photo transistor and solar cell.

e  Distinguish between the leatures ol LD, I.CD, seven segment and dot-matrix
display.
s  Draw the symbols and point out the applications of varactor diode and thermistor.

o  Classify different types of Integrated Circuit technologies and explain their
advantages.

€valuation items

Multiple choice questions
1. FET opecrates on
a} majority carricr only b) minority carricr only

¢} positively charged ionsonly — d) negatively charged ions only
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10.

A JFET is also called ----------- transistor
a) unipolar b) bipolar
¢) unijunction d) none of these

Which of the following statements is true in the case of FET?
a) Ithashigh inputimpedance b) It is less noisy than BJT
¢) Ithas large gain bandwidth  d) all of these

The channel of JFET is between the -----------

a) gate and drain b) drain and source

¢) gate and source d) inputand output

AJFET has high input impedance because -----------

a) Ttis made ol semiconductor material
b) Inputis reverse biased

¢) Ofimpurity atom

) None ofthese

AJFElisa

a) Current controlled device with high input resistance
b) Voltage controlled device with high input resistance
¢) Vollage controlled device with low input resistance

d) Current controlled device with low input resistance

A MOSFTLT 1s sometimes called ----—------ JFET

a) Many gale b) Open gate

¢) Tnsulated gate d) None ol these

An SCR ig semiconductor device which consists ol

a) Four PN-junctions b) Three PN-junctions
¢) Two PN-junctions d) Onc PN-junctions
The control clement in SCR 4§ -——--—--—--

a) Cathode b) Anodc

¢) cmitter d) Gate

An SCR combines the features of -----------
a) Arcctificrand resistance  b) A rectificr and transistor

b) A rectifier and capacitor d) None of these

ATRIACisa ----------- switch
a) Bidirectional b) Unidirectional
¢) Mechanical d) None of these

aofl
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14.

15.

The device that does not have the gate terminal

a) TRIAC
c) SCR

A DIAC {8 —mmmmmmeeeme

a) an AC
¢} amechanical

b) FET
d) DIAC

by a DC
d) none of'these

A LED, emits visible light when its ------------

a) P-Njunctionis reverse biased b) depletion region widens
¢} holesand electrons recombine ) PN-junction become hot

When the light increases, the reverse current in a photo diode

a} increases
¢} isunaffected

Answer key

la 2.a 3d 4b 5b 6b 7c 8b 9d 10b 11.a 12d 13.a l4c

16.

17.
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b} decreases
d)} none ofthese

Match the following

Devices Terminals

SCR Emitter, base, collector
TRIAC Source .drain, gate
FET Anode .cathode ,pate
BIT Emitter ,base-1, base-2
urr Gate, M 1-1,M1-2
Match the following

Devices Application

1C-355 Thermistor

uJT Burglar alarm

Photo diode vollage-controlled capacilors

Varacior diode

Sawtooth generator

Timer cirewit

Thermometers

15.a
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Deseriptive type questions

D
2)
3)
4)
5)
6)
7)
)
9
10)
11
12)
13)
14)
15)

Explain the construction and working of JFET.
What is the difference between a JTET and BJIT?
Give somc practical applications of JFET.

Explain the construction of MOSFET.

Explain the construction of an SCR.

Draw the equivalent circuit of an SCR.

Discuss some important applications of SCR and TRIAC.
Explain the construction of a TRIAC.

Explain the construction of a UJT.

Explain working of LED.

Give two applications of LED.

How LD difTers (rom an ordinary diode?

How does photo diode work?

Give lwo applications ol photo diode.

What is varactor diode and give ils applications?
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RECTIFIERS

INTRODUCTION
INTRODUCTION ‘ o

Do youknow that electric energy available in homes
7.1 DIODE AS RECTIFIER and industries is in the form ol allernating vollage?

In India electric power supplied through AC mains,
7.2 HALF WAVE RECTIFIER 18230V at a frequency of 50 Hz. At the same time

wc know that for the operation of most of the

7.3 FULL WAVE RECTIFIER . . - . .
cleetronic devices, DC voltage isnceded. One way

74 RIPPLE FACTOR to obtain DC supply is to use battery. But batteries
are expensive and can be used only lor shorter
7.5 EFFICIENCY periods. So we need devices [or convertling the
alternating voltage obtained from the main supply
76 FILTER CIRCUITS into DC voltage. AC voltage can be converted into

DC by means of rectificr circuits. It is a device
which converts alternating voltage or current into
unidirectional voltage or current. But this DC output
is not a pure DC as oblained [rom a battery source.
This rectitied output is unidirectional, but fluctuates
with time because it contains undesired AC
compongents (ripples) also. Ifthis output is dircctly
fed to an electronic device, it will not function
properly. For removing these undesired AC
components, [ilter circuits are used. There are
varous types of rectifiers and filters.

Let us study rectifiers and filters in this chapter.
7.1 DIODE AS RECTIFIER

(an you suggest an electronic component that can
be used lo converl a bidirectional current or
alternating current (AC) into a unidirectional current
or DC? PN junction diode is such a device. We
have alrcady studicd that a PN junction diode
conducts only in one direction. It conducts when
forward biased while it practically does not conduct
when reverse biased. Hence it can be used to
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converl AC voltage to DC voltage. In other words diode can be used [or rectilication. Lel us
now see how diode acts as arectilier. With the help of your teacher perform activity 2.

You might have observed that the presence ol diode has resulted in suppression ol negative
haltf cycles. The output consists of positive half cycles only. The direction of current flow
reverses during negative half cycle. Negative halt cycles are suppressed i.e., diode allows the
current to flow only in one dircetion. We can say that the diode is not allowing current to
alternate its direction or it converts AC to DC.

The circuit supplies current to the load resistor only for half the time or in other words only half
wave is obtained. Hence this is called half wave rectification. How can we get full wave
rectification or current during the whole time period (both cycles), without alternating current
direction? Is it possible if we use more than one diode?

Activity 1

Let us have a look at some of the household equipment arovund us. Can you

find out the source of supply needed for their working? Sce whether AC s
converted into DC in them. Discuss,

Equipient AC supply DC supply
Ceiling fan

Refrigerator

Pen torch
Clock
Mobile phone

Television

Compriter

e Do you have any AC/DC adapter for charging laptop or any other
device tn your home?

e Have you ever Hiought of the function of a mobile charger or AG/

DC adapter?

7.2 HALFWAVE RECTIFIER

As we have scen, in half-wave rectification, when AC supply is applicd at the input, only
positive half cycle appears across the load, whereas, the negative half cycle is suppressed.
Fig7.1shows the circuil ol a hall — wave rectilier. Generally AC supply is given through a
transformer. The transformer 18 used [or two purposes. ILis 1o step down the AC input voltage
and to isolate the rectifier circuit from power line for reducing the risk of'electric shock. In
most of the cases where rectificr is used, stepping down of voltage is required, because the
voltage needed for most of the scmiconductor devices and 1Cs for its working is in the range
of 5V to 30V, The output of the transformer is applied in series with the diode and load
resistance R .
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Activity 2
Use a CRO in your school laboratory to verify the output waveforms
from the following circuits.

o Connect the primariy of a 230/6 V transformer to AC supply as
shown in Fig 7.2 and observe the signal in the transformer
secondary using a CRO. What is your observation?

>

N 4

50
230V /\
50 HZ ac v @g _J\

h 4 h

Ty,

Fig?.2

e  Connect a diode and a resistor as shown in Fig7.3 in series with
the above circuit and observe its output waveform. What
difference do you observe? What does the diode do?

A—D"_ Vout
6

/]
230V
50 HZ ac
N N
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The primary winding of the transformer is connected to the power mains. Voltage across the
secondary winding of the transformer changes polarity aftcr every half-cyele, since primary is
connected to an AC voltage. Voltage V _is the peak value of this alternating voltage.

During the positive half cycle of input AC voltage, end A becomes positive with respect to end
B as shown in [ig7.4( a). This makes the diode forward biased and hence it conducts current.
The direction of current is from A to B. Since a forward biased diode offers a very low
resistance, the voltage drop across it 1s also very small{about 0.3V [or Ge diode and about
0.7V for 81 diode). Therefore, the voltage appearing across the load resistance R, 1s
approximately the same as that of the input voltage.

T A > A Z T

<

| - ¥ B ¥
Fig7.4(a} Half Wave Reciifier fpositive half cyele)

— A
NO
Vv CURRENT [] R,
IN THE
CIRCUIT
+vy B

Fig7 d(h) Half Wave Rectifier (negative half cyele)

During the negative half cycle of the input, end A is negative with respect to end BB as shown in
Fig 7.4(b). Under this condition, the diode 1s reverse biased. It is shown shaded in the Figure
Lo indicate that it is non-conducting. That is no current [lows through the circuit. There fore,
almost no voltage 1s developed across the load resistance R . All the input voltage appears
across the diode itsclf,

‘Therefore it can be concluded that during positive half cycle, the voltage at the output is
almost the same as the input voltage. During the negative half eycle, no voltage is available
across the load. Current tlows through the load R, only in one direction. Hence a DC output
is obtained across R . Waveform ol the vollage across the load is shown in Fig7.4(c). It may
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be noted that cven though output voltage across the load is unidirectional, it is in the form of
pulscs (pulsating DC). If we compare this with the DC voltage obtained from a battery, we
can say that the rectified signal is not a perfect DC (constant). It can be considered as the sum
ol a DC component {constant vollage) and an AC component (varying voltage). These
undesired AC components are called ripples. The DC value is obtained by taking the average
value of instantaneous voltages (voltage at each instant of time).

A

Vol =3
Vo [/\ I/\\ /\
Q m 2n am 4T >

wl

Fig7 4 (¢} Waveform of the voltage across the load

Peak Inverse Voltage

Letus focus our attention again on the diode in Fig7.4(b) . During the negative half cycle of
the input, the diode is reverse biased. All the input voltage appears across the diodc (as there
is no voltage across the load resistance). When the input reaches its peak value Vm, in the
negative half-cycle, the voltage across the diode is also maximum. This maximum voltage is
known as the peak inverse vollage(PIV). Itrepresents the maximuin vollage appearing across
the diode, when the diode is reverse biased. Thus, for a haltf wave rectifier,

PIV=V
Activity 3

Assemble the following circuits. Applya 6V AC using a 230/6 V transforier
and observe the corresponding output wave forms on a CRO.

Ciraat Output

ANVAW

ANVANS
Vv

ANVANS AVARVA
v

a) 10

9]

Fig7.5

Downloaded from https:// www.studiestoday&éz)%



Downloaded from https:// www.studiestoday.com

o Inboth the circuits you applied the same AC supply. But why did you
get different output waveforms?

o In both the waveforms only one half of the signal is present and the
other half is cut off. Why ?

e From the waveforms obtained, have you got an iden of howe full wavce
rectification can be obtained?

7.3 FULLWAVE RECTIFIER
In [ull wave the rectification. current should [low through the load in the same direction [or the
both halt'cycles of input AC voltage. The following two circuits are commonly used for full
wavc rectification:

(1) Centre- tap full wave rectifier

(i) Bridge rectifier
Centre- tap full wave rectifier

The circuit of a centre tap rectifier is shown in Fig 7.6. Tt uses two diodes D jand D, and a
center tapped transtormer.

B D>
Fig 7.6 Centre-Tap Full Wave Reciifier

During the positive half eyele of input signal, the
end A of the secondary winding becomes positive
and the end B becomes negative with respect to
the point C as shown in Fig. 7.7(a) This makes the
diode D, forward biased and diode D, reverse
biascd. So, the diede D, conducts whilc I3, docs
not. The current flows through the diode D, load
resistor R, and the upper half of the secondary Lo
winding . D2

Fig?. 7(a) Cemre-Tap Full Wave Rectifier

(positive half cycle)

A
T+
Vv
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During ncgative halfeyele, the end A of the secondary
becomes negative and the end B becomes positive
with respect 1o the point C. This makes the diode
D, [orward biased and diode D | reverse biased. The
diode D, alone conducts. The u.lrrent flow is through
diodc l) load R and lower half of sccondary
winding as shown ik i27.7(b}.

[t may be scen that the current in the load is in the
same direction (D to C) for both half-cycles of the
mput AC vollage as shown in Fig7.7(c) . Therelore
DC output is obtained across the load R .

Fig 7.7(b} C m!rc, Tup Full Wave
Rectifier(negative half cycle

v{;‘\.
Ve
Vae | /\ /\//\//\
0 4T Wi

Figr.7 (c) Waveform q}‘ vo!’!age across load

Peak Inverse Voltage

Fig?. 8 Full wave Rectifier when input voltage is mayimum,

To [ind the peak inverse voltage. let us consider the instant at which the mput voltage attains
maximum value +V . Atthis instant the diode D, 1s conducting and 1t offers almost zero
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resistance (I'ig 7.8). The whole of the voltage V_ across the upper half winding appears
across the load resistor R, . Therefore, the reverse vollage that appears across the non
conducting diode 1s the sum of the voltages across the lower hall winding and the voltage
across the load resistor R, .

i'e’ PW :Vm+ Vm :2Vm
Full Wave Bridge Rectifier

A more widely used [ull wave rectilier circuit is the bridge rectilier . The need lor a center —
tapped transformer is eliminated in the bridge rectifier. Tt contains four diodes connected to
form a bridge as shown in Fig 7.9 "The input AC is applicd to the diagonally opposite ends of
the bridge through the transformer. Between the other ends of the bridge, theload R is
connected. A

B

Fig 7.9 F'ull Wave Bridge Rectifier

Operation

During the positive hallcycle ol the secondary
voltage, end A of the secondary winding
becomes positive and the end B becomes
negative. This makes the diodes 1D, and D,
forward biased and the diodes D, “and D
reverse biased. Therefore, only chodes D, and
D, conduct. The current flow is throuﬁh the
diode D,,load R, , diode D, and the secondary Fig 7.9 Full Wave Bridge Rectifier
winding, as shown in Fig 7.10(a).

During the negative half cycle of the secondary voltage, the end A becomes negative and end
B positive. This makes diodes D, and 1), forward biascd whilc diodes 1D, and D, arc reverse
biased. Therefore, only diodes D, andD conduct The current flow is through chode D,.load
R, . diode D, and the secondary wmdmg as showninI'ig 7.10 (b).
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[t may be seen that the current in the load is in the same direction for both the halt cycles of
input AC voltage. Ihercfore, a unidircetional voltage is obtained across the load R . The load
voltage waveform is shown in I'ig 7.10(c).

.+ — ——

0 g 2m i ot
Fig? 10¢b} Full Wave Bridee Fig7 1te} Waveform of voftage across toad
Rectifier(negative half cvele)

Peak Inverse Voltage

Consider the bridge rectilier circuit shown in
Fig7.11 and assume the instant at which
sccondary voltage reaches its positive peak value,
V_. The diodes D, and D, arc conducting,
whereas diodes D, and D, are reverse biased
and are nonconducting . The entire voliage V
across the secondary winding appears across the
load resistor R, . Also we can see that the points
A and B arc almost at the same potential as similar
to points C and D. The reverse voltage across
the nonconducting diode D, (or D, }ishence V -
PIV of each diode is equal to the maximum
secondary voltage.

PIV=V
7.4 RIPPLE FACTOR

Fig? HBridge Rectifier when inpul voltuge is

XL

The ripple current is undesirable and its value should be the smallest possible in order to make
the rectifier ellective. Ripple [actor ‘r” is ameasure ol the purily of the DC output ol a rectilier
and 1s delined as the ratio ol rms value ol the AC component in the output 1o the average or
DC component present in the output. Smaller the value ofthis factor, lesser is the AC component
in comparison to DC component.

rms valuc of AC component in the rectificd output

£ DC component
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The general expression for ripple factor is (derivation not needed)

For halfwave rectifier, it can be derived that

I =172
I, = 1/=n
Wherel = rmsvalue ofload current
[ = maximum value of load current

m

1. = average valuc of load current

de

by substituting the above values in general expression, we get
r =1.21

This expression shows that the percentage of AC in the output is 121% of the DC voltage.
That is, the output of a half wave rectificr contains more ripples than the DC component.
Hence half wave rectifiers are poor converters of AC to DC.

[For full wave rectifier| centre tap and bridge|

Irms = Ill] /I\/E

[ = 2I /n

e
By substituting the above values in general expression, we gel
r = 048
This indicates that the ripple contents in the output are 48% of the DC component which is
less than that of the hal['wave circuil. In other words, the output ola [ull wave rectilier containg

lesser percentage of ripples. Hence full wave rectifiers are better converters of AC to DC,
compared to half wave rectifiers.

7.5 EFFICIENCY
The rectilier efliciency tells us what percentage ol total input AC power1s converted into

usetul DC output power. Thus, rectifier efficiency is defined as the ratio of DC output power
P, to ACinputpower P .

Output DC power
Input AC power

Hence.n =
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For half wave rectifier
Output DC power, P
where, R
[nput AC power, P

A

IR,

(I /myR,

load resistance
LR,

d /2y R,

P /P

(I /myp R AL 2R
0406 R /R,

0.406

40.6%

Theoritically the maximum value of rectifier efficiency of a halt wave rectifier is 40.6 percent.
This shows that a hal[ wave rectilier can convert amaximum o[ 40.6% o[ AC powerinto DC

power.

For full wave rectifier

dc

ac

Therelore, n

LR,

(21 /TR,

Lo Ry

@/V2F R,

P, /P,

(L /mP.R AL/ 5P R
0.812R, /R

0.812

81.2%

Theoritically the maximum value ol rectifier elliciency ol a [ull wave reclifieris 81.2 %.

Solved Problem 7.1

Transformer secondary voltage of a half wave rectifier circuit is v =30sino!t and the
load vesistance R, — 800Q, find () I I & I (i) ac input power and DC oulput power
(iii} DC output voltage and (iv) efficiency of rectification.

Downloaded from https:// www.studiestoday&éﬂ)’%



Downloaded from https:// www.studiestoday.com

Solution
Maximumvoltage, V. = 50V
m - VRI.
R = % = 62mA
= | /r
= 62/n
= 19.74mA
=172
= 622 =31mA
(@) ACinputpower P = IR
= (31x10%¥x(800)
= 0.768W
DCoutput powerP, = 1 *x R,
= (19.74x107¥x800
= 0312w
(iy DCoutputvoltage = I xR
= 19.74mAx800€2
= 15.79V
Alternatively,
DC output voltage = V. /n
= 30/n
= 15.82V
(iv) Efficicncy = (P, /P )x100
= (0.312/0.768)<100
= 40.62%
Solved Problem 7.2
"Transformer sccondary voltage of a full wave rectifier circuitis v=10sin (»wt) and thc load
is 2K €2, Neglecting diode's forward resistance, calculate

(a) V.  (b) I, (¢) PIV (d) V_ ofoutput (e) ripple voltage
Sohtttien
(a) A% = 10sin(®mt)
= 10V

m
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v o= 210 _g360v
e T
(b) I de - Vdc’Illr R'L
_ 53899 5 is4sx10°a
2x10°
= 3.1845mA
(c ) PIV = 2Vm
= 20V
d VIT]
(d) Vo = 5
10
-7
= 7071V
(e) Ripple voltage = ripple factorx V
= 0.482 x6.369
= 3.069V
Activity 4
Complete the table (Table 7.1). Analyze the table and state your
inferences.
SL | Parameter Halfwave Center Bridge
No. Rectifier tapped | Rectifier
Full wave
rectifier
L. rms
2. | L,
3. anc
4. | %efficiency
5. | Ripple Factor
6. | Peak Inverse Voltage
| 7. | Number of Diodes
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e Which rectifier, half wave or full wave is nore efficient ? Why ?

e Penk Inverse Voltage of center fapped and bridge recifiers are different
even though both of Hiem are full wave rectifiers. Wity?

Activity 5

With the help of your teacher, setup the circuit of a half wave rectifier and
a full wave rectifier in your lab and observe the input and output waveforns
in CRO.

¢ List the components you used for assembling the circuit ?

¢ Measure the voltage across the transformer secondary winding
using an AC volt meter and the peak value of the output waveform
using CRO. Compare the voltages obtained and state your
comments.

The AC voltmeter gives the rms value of the transforiier secondary voltage.
From CRO we measure the maximum value or peak value. Hence both are
notequal,

7.6 FILTER CIRCUITS

The object ol rectilication is to provide a steady DC vollage, similar to the voltage [rom a
battery. Itis seen that the output ol a rectilier circuit 1s not pure DC, but it contains unwanted
AC components. [fthis pulsating DC is fed directly to the electronic devices they will not
function properly. [ lence it becomes essential to reducc the ripples in the pulsating IDC voltage
available from rectifier circuits. This is achicved by using a filter circuit which removes the AC
components and allows only the DC components to reach the load. These circuits are connected

\'

A

—
HILTER CIRCUIT

Rectifier Output Pure DC
b R Output
Vo —
| V ! > Ot
t

Fig 7.12 Schematic Diagram of Filter Circuit
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between the rectifier and the load. Fig 7.12 shows the schematic diagram of filter circuit. The
input to the filter circuit is the output of the rectificr. At the output of the filter, we geta signal
with ripplcs suppresscd.

Capacitor Filter

This is the simplest and cheapest filter. It consists of a capacitor C placed across the rectifier
outputin parallel with the load R . The pulsating DC voltage of the reetificr output is applicd
across the capacitor. It uses the capacitor to bypass the AC components (provides an easy
path for AC) and there by AC is not allowed to flow through the load. This is possible, since
the oppositions ollered by the capacitance 1o AC and DC are dillerent.

The opposition ollered by a capacitor s called capacitive reactance and its value 18 determined
by

X =172=fC
[or DC (= 0), the value ol capacitive reactance 1s inlinity and hence il provides an open
circuit for DC. However, it provides an easy path for AC (as fincreases, X decreases). That
mcans a capacitor offers a low reactance path to the AC components, where as to DC it acts
as an open circuit,

Vv 1
o
AC + DC i .
COMPONENT —> c— 3R
AVA
/\IIFF/ Ilﬂ.,/\illl
Y ! > O
0 t 2
Fig 7.13: (o} Capacitor Filier
DIODE
I B
im
+
=, +

—  Fig 713 (b} Output Weveform

DC component will flow through the load. Only a small part of the AC components passcs
through the load, producing a small ripple voltage. The ripple voltage depends on the value of
the capacitor. Do you know why?
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Activity 6

Connect the following circuit (Fig. 7.14 ). Use capacitors of different values
such as 1u f, 10u fand 100u £ one after the other and observe the oufput
waveforms on n CRO in each case. Compare the results and state your
conietifs.

Bridge
Rectifier C E;:RL
—
CASE CAPACITANCE OUTPUT WAVEFORM OBSERVATION
VALUE
v

CASE] C-1uF

¥
CASEIl C=10uF
Vo ‘ ,; Vo
(s | ! !
'/ \‘l HI'J'J l‘fJl |
l
v

CASEN C=100pF

'\

e Does the valie of capacitances affect the ripple content of outprit voltage ?
o If yes , why is if s67
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From the above activify we can see that the ripple gets reduced as we incrense
the value of the capacitor. Tlis is because the capacitance increases as the
capacitive reactance decreases and hence impedance offered to AC conponent
decreases. So more AC will flow through the capacitor and less will flow
through the load. Therefore by using a higher value of capacitance we get DC
output with less ripple content. Capacitor filter is very popular because of ifs
lotw cost, small size, light weight and good performance. It can be used with
both the half wave and the full wave rectifier circuits.

Alternating vollage or current can be converted to DC by means ol rectilier circuits.
P-N junction diode 1s used for rectification because of its unidirectional current con-
duction property. For half wave rectification only a single diode is used. Maximum
reverse voltage across the diode is called the peak inverse voltage (PIV). Itis V_fora
half wave rectifier. I'or fullwave rectification either two or four diodes are used. Two
diodes along with a center tapped transformer are used for making center tapped fullwave
rectifier. The PIV [or a center tapped (ullwave rectilier is 2V . Four diodes are used [or
making bridge rectifier. The PTV for a fullwave bridge rectifier 1s' V. . The output from
a rectifier i1s not pure but pulsating DC. Ripple factor is & measure of purity of the
rectificr. Forahalf rectificritis 1.21 and for full wave rectificr it is 0.48. The efficiency
of a rectifier 1s the ratio of DC power output to the AC power input. The maximum
efficiency of'a halt wave rectifier is 40.6% and for fullwave rectifieritis 8 1.2%.

Learning outcomes

The learner is able to

¢  Explain the need for rectifiers.

¢  Demonstrate and thus explain how a diode acts as a rectifier.

¢  Explain the working of a half wave rectifier.

¢  Dernveand calculate the efficiency of rectifiers.

¢  Explainthe concept of ripple factor.

e  Explain the working ol [ull wave rectilier.

o  Distinguish between RMS and average values o[ rectilied outpu.

e  Explain the need [or [ilter circuits in rectiliers.
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K@y} €valvation items

Multiple choice questions

L.

The ripple factor of a bridge rectifier is
a) 0.406 b) 0.812
¢) 048 dy 1.11

Ina center tap full wave rectifier, if V_is the peak voltage between the center tap and

one end of the secondary the maximum voltage across the reverse biased diode is
a) Vﬂl b)zv'lﬂ
c) 12V d) none of'the above

If'V_isthe peak voltage across the secondary of the transformer in a half wave rectifier
(without any filter circuit), then the maximum voltage on the reverse biased diodce s

a) v, b) 2V,
c) 12V _ d) nonc of the above

[n a half wave rectifier, the load current flows for

a) the complete cycle ofthe input signal

b) only for one halt cycle of the input signal

¢) less than halfeyele ofthe input signal

d) morc than half cycle but Iess than the complete cycle of the input signal

In a full wave rectificr, the current in cach of the diode flows for

a) the complete cycle ofthe input signal

b) hall'cycle of the inpul signal

¢) less than hallcycle ol the input signal

d) rerotlime

To [ilter the AC component [rom the oulput ol a rectilier, we can use the [ollowing
component

a) Inductor b) Capacitor

¢) Induclor or capacitor d) Resistor

The [illermg will be improved il we use a

a) large value capacitor b) small value capacitor

¢) value doesn't matter d) inductor only

[n a full wave bridge rectifier, if one diode is spoiled, we get

a) full wave rectifier output b) half wave rectifier output
¢) nooutput d) sine wave

‘The maximum efficiency of a full wave rectifier is
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a) 40.6% b) 812%

¢) 50% d) 100%
10. The value of ripple factor is always

a) 048

b) 121

¢) either 0.48 or 1.21 depending on the rectifier
d) anyvaluc below 1.21

Answer Key
l.e 2.b 3.a 4 b 5 b 6.¢c 7.4 8&b 9 b 10.c¢

Desceriptive type questions

1. Ilthe peak value ol vollage across the secondary winding in a hall'wave rectilier is
9V, what 1s the value of DC component in the oulpul voltage and what is the
maximum elficiency ol rectilication?

2. Draw the output vollage wavelorm el a hall wave rectifier and then show the
effect, on this waveform, of connecting a capacitor across the load resistance.

3. Inpractical circuits, full wave bridge rectilier is prelerred over other rectiliers,
Explain.

4. Filter circuits are used to remove the ripples in the cutput of the rectifier. How is
filtering improved when the value of the capacitor is increased?

5. [ixplain how the term ripple laclor is used (o compare the perlormance ol rectiliers.

6. Theelliciency ol'a hall'wave rectilier is just 40%. What happens to the remaining
60% power?

7. The lrequency ol the oulpul of"a hall'wave rectifier is SOH~ and that ola full wave
rectifier is l00Hz. Give reason.

8. Ilany voltage variation occurs in the power supply, it will change the output DC
voltage of a rectifier. Explain
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8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

INTRODUCTION

CONCEPT OF AMPLIFICATION.

TRANSISTOR AS AN AMPLIFIER.

BIASING OF TRANSISTOR FOR
AMPLIFICATION

FIXING THE OPERATING POINT

SINGLE STAGE RC COUPLED
AMPLIFIER

MULTISTAGE AMPLIFIER

FREQUENCY RESPONSE OF
AMPLIFIER

AUDIO POWER AMPLIFIERS

OPERATIONAL AMPLIFIERS

AMPLIFIERS

INTRODUCTTON

Supposc vou want to make an announcement to a
large gathering. The voice may not be heard to all
without enhancing the sound. So we need a system
lo increase the strength ol the voice signal. The
enhancement of audio signal can be done with the
help of a mega phone. But it is insufficient. If we
can convert the voice signal or audio signal to an
electrical signal. we can increase the amplitude or
strength ol the signal using electronic amplifiers. A
device which converls one [orm ol energy into
another is called a transducer. So we need a
transducer which can convert audio signal into the
corresponding cleetrical signal. Microphone is such
adevice. The electrical signal obtained from the
microphone is strengthened or ammplilied using an
electronic circuit called amplifier. Now we need
another transducer to convert the amplified electrical
signal back to the sound form. Aloud speaker can
be¢ used to serve this purposc. ‘The system which
contains microphone, loudspeaker and amplifier is
called as a public address system (PA system) which
can be used 1o deliver sound o a large gathering.

8.1 CONCEPT OF AMPLIFICATION

Anamplifier is an electronic device which increases
the amplitude of a given signal. See Fig. 8.1. A
ZmV mput signal is amplified (o a signal ol the same
shape with an amplitude of 100mV. This implies
that thc amplitude is increased 30times. The amount
ofincrcasc is called ‘gain’ of the amplificr. It isthe
ratio of the output amplitude (amplitude of the output
signal) 1o the mput amplitude (amplitude of the input
signal).
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Input signal Input Output Output Signal
2mV terminals terminals
R — 100 mv

Amplifier

Fig. 8.1 Amplifier showing inpul and oulpul waveforms

Ampliliers are mainly ol three types — vollage ampli fiers. current ampliliers and power amplifiers.
In voltage amplifiers, the output voltage is greater than the input voltage which means that the
voltageis amplificd. Similarly in current amplificrs, the current is amplificd and in power
amplificrs, the poweris amplified.

Output amplitudc
Gainofthe amplifier, A = h‘ll]fltsa?nng])l‘:udeb

Amplifiers find wide applications in communication systems. control systems and instrumentation
systems. [or example our TV and radio receivers have amplifiers to increase the amplitude of
the signal received. Do you know that when we rotate the knob o[ the volume control ola
radio, we are actually changing the gain of an amplifier inside?

8.2 TRANSISTORAS ANAMPLIFIER

Input Ouiput
Signal 18 R, Signal

Fig. &2 Amplifier showing {nput impedance Ri and output impedance Ro

If we apply a voltage V. to adevice across its input resistance R, it produces an input current
[=V/R.Ilthe oulput current is I , then the voliage developed across the oulput resistance is
[ R.I[RissmallandR is large and il [ >L, then the oulpul voltage will be very high
compared to the input voltage. This results n voltage amplification. Any device thathas such
characteristics can be used for voltage amplification. Bipolar junction transistor is one such
device,

As we have studied in chapter 5, when a transistor is operated in the active region, the input
junction is forward biased and the output junction is reverse biascd. Ience it has low input
resistance and high output resistance. The transistor can function as an amplifier, because of
the transfer of current [rom a low resistance junction to a high resistance junction!. In both
conunon ermilter and conunon base confligurations, since the resistance values have the above

! The name transistor comes from this transter of resistance — “transfer-resistance™
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feature, these can be used for voltage amplification. Atthe same time in the common collector
configuration, the input resistance is not low and the output resistance is not high. Ience the
common collector configuration cannot be used for voltage amplification.

The transistor is a current controlled device. The base current I, controls the collector current
I... In CL configuration, the input current is I, and output currentis I .. Since I .is 3 times L,
CE configuration can provide current amplification also (current gain equal to ). Similarly
(C configuration can also provide current amplification (current gain equal to [3+1). However,
in CB configuration current gain is less than unity. Do you know why?

Among the three transistor configurations - CE, CB and CC, the CE configuration is commonly
used for amplification due to its ability to provide high voltage gain and current gain. So C[
confliguration is the focus olour [urther discussion.

8.3 BIASING OF TRANSISTOR FOR AMPLIFICATION

Usually the input signal of an amplificris AC %, The AC signals have both positive and negative
values. To keep the transistor in the ON condition and to have the base current flowing, the
base to emitter voltage ol the transistor should be kept around 0.7 V.This happens lor the
positive values above (.7 V ol the input signal. But [or the input vollages below 0.7 V (including
the entire negative values), the transistor can be made conducting by applying a DC voltage at
the basc of the transistor and it is called biasing,

Considcr the circuit shown in Fig 8.3(a). [tcanalso be drawn conveniently asin Fig. 8.3(b).
The emitter basc junction is forward biased by V,, and the collector base junction is reverse
biased by V. ., for operating the transistor in an active region. The V. . should be greater than
V., inorder lo reverse bias the collector-base junction.

Fig. 8 3.a Emitter base junction forward biased
and collector base junction reverse biased.

To keep the transistor in the active region, the value of V_ should be between 0.6 V0 0.7
V. To gel the desired base current the value ol V must be [ixed precisely. Aresistor of
proper value can be used in series with the voltage source V. 10 get the required base

*Tor DC amplification, we use special circuits, which will be discussed later.
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Voo
”' + Vee

Fig, 8.3.b Circuit in Fig. 8.3.a - simplified. Fig. 8.3.¢ Circult showing resistors R, and R,

current (Fig. 8.3.¢). To lix the operating point (I and V) al the required value, aresistor R .

is placed at the collector terminal.

The biasing circuit can be redrawn as in Fig. 8.3.d

Vig

\v.,
YA

Fig. 8.3.d Clircuit of Fig. 8.3.c redrawn

It is inconvenient and expensive (0 use two separate vollage sources in a circuil. Hence we
can obtain two voltages [rom a single source as shown inFig. 8.3.¢.

Downloaded from https:// www.studiestoday&cli)%



Downloaded from https:// www.studiestoday.com

Considering the input section and applying Ohm’s
lavwy Vee

V(_L‘ - ]BRB+VBJ:'- ‘L
[, = (Veo-V) /R, b

B

Since V. <<V, itcan be neglected. Ry § 1"
I - VCC }IIII RH

B

Here as V.. is constant, once R 1s selected I,
becomes fixed. Sothis circuit is called fixed bias
circuit.

Considcring the output side of the circuit,
Vo= ILRAV

So L. = (V- Vo) /R,

The supply voltage, V.. and R fix the value of I,
and henee I,(1,= #1). Once [ is fixed, V__ is
also fixed (sce cquation) . Now both L. and V o
arc fixed and hence the operating point is also fixed. [n this way, the transistor can be placed
in the active region of operation by choosing appropriate values of V. and R ..

Fig. 8 3.e Circuit of Fig. 8.3.d redrawn
with a single voltage source,

But the fixed biasing has the following disadvantages

1) The operating point depends on beta of the transistor

2)  Itcannot stop thermal runaway. |+ Ve
‘These two cases are explained below.
Flow of collector current producces heat in the collector R, % Rc

junction. This increases the temperature. Hence more
minority carriers are generated in CB junction. This increases

the reverse leakage current and hence the collector current.

As the collector current increases, it will again result in an
increase in collector current. This process goes on and finally,

the temperaturc at the collector junction increascs to such

an extent cavsing the junction to breakdown. This process

is called thermal runaway. The biasing configuration shown R,
in Fig. 8.3.[ avoids thermal runaway. Moreover in this
configuration, dependence of [ and V_ on beta of the .
transistor 1s reduced considerably. This is desirable since it £
they arc dependent on beta, as 1, and V, change. the g0 ¢ 37 1otaee divider biasing
operating point is also varied. Beta varies from transistor to civeuit

-
-
-
-
=
-
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transistor. It also varies with temperature and with the value of the collector current.

Fig. 8.3.f shows a voltage divider or potential divider network.

Voltage Divider biasing circuit

Voltage divider biasing circuit is the most widely used

+V,
biasing circuit. Compared to the fixed biasing circuit, I -
voltage divider biasing circuit contains an additional
resistor R, between the base and the ground. R -R, \l,lc
forms the potentlal divider circuit. By suitably selectmg Re

the values of R, and R, the operating point of the R,
transistor can be fixed.

L
[, isthe current through R and 1, is the current through ‘\ ]
R9 The base current T, is \er) smdl] Therefore [ =1+1, Ve
and since [, is very small and can be m,g]cctcd L= I 1

Considering the input sidc as in Fig. 8.4, Vor —7

1 =1 R, Rs

Applying ohm’s law to the input circuit, V.. =L (R +R)

ar

Vc-c' = L(R,TR) Fig. 8.4 Voltage divider biasing circuit with
Voltage drop across R=V =V .x (R,+ (R +R,))
A% VX (Ry+(R+R)) o (1)

B
BUt VH VHH+VRH

various currents and voltages shown

R,
VRF_- = V X R +R Vrs]“-.

I - VRH'IIIrRH

E

Since I is approximately equal to L

I, = Vo /R . )

Considering the output side.

Ve - ICRC'+VCT-,+VRF_

(8l

V - ICRC' + VCF.+ I FRT

T

Ve - ICRC' + VCF.+ I(,'RT-,

(8l
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Vcc o IC (-Rc + RT) + Vcr-.

Voo = Ve IR AR s 3)

From equations 2 and 3, it can be seen that I and V _ are independent o[ beta. Thus the
operating point remains where it is fixed. Also changing the transistor does not atfect the
operating point. Due to these reasons potential divider biasing circuit is also called the universal
biasing circuit.

Now lct us discuss the cffect of the emitter resistor R . [tavoids thermal runaway by reducing
the collector current that occurs due to temperature rise. When 1. increases, I_also increases,
thereby increasing V

Vo= Vet Ve

Since V ; is a constant as seen in eqn (1), increase in V  results in a decrease in V .. This
results m adecrease in I, which in turn reduces I. Thus I is not allowed (o rise 1o a high value
causing a rise in temperature in the collector junction. Thus thermal runaway is avoided.

Solved problem 8.1

For the circuitin Fig.8.4 ind V__and V__ values neglecting the value ol V. GivenR =10k€2,
R =5kQ, R =10kQ, R =5 kO

V. = VH - VHI—.
V. = V_ (I'V_ isneglected)
Voltage attheemitter,V, = V.. x (R,+ (R +R))

_ 15 5k
BT
= 5V
IT-. - VE/RF_
= 3/10K
= 0.5mA
I. = IEZO.SnlA
V(.‘r-. :VCC-I‘F.(R'F_—FRC)
= 15- (0.5X13) =75V
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Activity 1

Calculate the DC bias voltages and currents for the potential divider biasing
circuit shown in fig.8.4 in wluch R =40 k€3 R,=5 k€2 Rc=5k, REZ1kQV
=12V, V.= 0.3V, 2= 100.Verify these valtes using a voltmeter and ammeler.

8.4  FIXINGTHE OPERATING kT“
POINT

In orderto work as an amplifier, the operating
point of the transistor should be in the active
rcgion, Now let us discuss how to fix the

operating point so as to get the best h
performance. Consider three different points A
A.B,C in the load line of the outpul N
characteristics of a CE configuration shown in \_

Fig.8.5.a C\
N\,
BN\ Iy=0

0 >
, .. . Fig 8.3.a CE oulput characteristics — —2
Case 1: Operating point in the middle of  showing the load line and operating points A. Vo
the active region (point C) Band C

L

)

Fig. 8.5.h CE owpur characteristics showing
operating point in the middle of the load line.

4

Downloaded from https:// www.studiestoday&cli)%



Downloaded from https:// www.studiestoday.com

in Fig &.5b it can be seen that the operating point ‘C’ is in the middle of'the load line. The
variation of |, duc to the input signal is shown in the graph of'i_in the figurc.

The corresponding changes in 1, and V . can be observed. Since the output voltage is
proportional to I .. the output signal will vary in the same manner. That means the output signal
will have the same shape as the input signal. Since the operating point is in the middle, I, .
and V. can swing in both the directions to the maximum possible range. Now let us see what
happens if it is not in the middle.

Case 2: Operating point near the saturation region (point A)

In [Fig 8.5.c. it can be seen that the waveform of i is clipped. Hence the output waveform is
also clipped. The wave shape ol the output signal 18 not sinusoidal or in other words, it is
distorted. For small input signals there may not be any distortion. But il we compare with
Case 1, it is clear that the maximum swing is not possible.

s
7/ )
4 A\
Fd 7 4
S

|CT 7, e

il

|
1
I
J !
//’:"_ | \
I
L~ |
/| ! | N
T I Cal
' o
= :—> Vee
= |
Clipping | S PRI »
1 Fig. 8.5.¢ CE output characteristics showing operating
= point near to the saturation region,

Hence Aisnot a suitable operating point [or amplilication.
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Case 3: Operating point near the cut off region {point B)

Asin Case 2, it can be understood tfrom Fig 8.5.d that the output signal will be clipped.
Maximum swing is not possible in this case also. Hence B is also not a suitable operating point
foramplification.

From the above discussions, it is clear that the most suitable position of the operating pointis
around the middle point of the load linc. Atthis pointV  ishalf'V . asscenin Fig 8.5.b.

M
IcT
[ o™
| //
N - , ,/’
ST\
’
7 AN
) ’
\\ 1, s
wt | e +°
LA BN
o ———
o 5Vee o>
I
Clipping
=~

Fig. 8.3.d CE output characteristics showing
operating point near fo the curoff region.

So the main requirements of a biasing circuit should be:

I.  ‘loestablish the operating point at the center of the active region so that on applying
the input signal, the instantaneous(varying) operating point does not shift towards
saturation or cut off.

To stabilize the collector current against temperature variations.

To make the operating point independent of transistor parameters so that the
operating point does not shift when the transistor is replaced by a new one.

8.5 SINGLE STAGE RC COUPLED AMPLIFIER

We have now understood how we can bias a transistor for working as an amplifier. Now let
us discuss the circuit diagram of an amplificr. Atypical amplificr circuitis shownin Fig. 8.6.
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The input signal to be amplitied is given between the base emitter junctions. The output voltage
is taken from the collector terminal. C| isused to couple the AC input signal to the basc. Atthe
samc time it cnsurcs that, biasing is correctly maintained. [n the absenee of C, DC bias voltage
at the base will reduce drastically. since it gets grounded through the source (source resistance
is very low) . C_acls as a coupling capacitor giving the AC voliage (o the oulpul (or next
stage) blocking the DC componenis.

As wehave seen already R is a stabilizing resistor that prevents thermal runaway by developing
a voltage whose polarity is opposite to the forward bias applied to the base. In the absence of
AC input signal, the variation in the collector current is due to temperature variations. Change

Vce

® o/p

ac i/p signal {\) VBB
Vin

Fig 8.6 Single stage RC coupled amplifier

in DC bias voltage duc to this is prevented by the voltage V., developed across R . The input
voltage to transistor base V.=V —V . When the value of V_ is increased, the input voltage
to transistor base is reduced which reduces the collector current. Thus any unwanted variation
in colleclor current is suppressed by the presence ol R Al the same time the collector current
variations due to an input signal which is necessary for amplification will also be reduced by
the effect of R . This will reduce the output voltage and in turn the gain of the amplifier. To
prevent this we place a capacitor C,, across R_.. As we know;, a capacitor offers only a low
impedance to AC. The effective emitter resistance is thus very low for AC. That means C_ will
prevent AC voltage developing across R which would otherwise oppose the input signal
voltage and reduce the gain ol the amplilier. Atthe same time [or DC it acts as an open circuil
and will not affect the DC bias. C, thus bypasses the AC components without being dropped
across R . Hence it is called bypd:ss capacitor. The output of the amplifier is coupled with to
the load using the coupling capacitor C.and the collector resistor R, henee the name RC

coupled amplitier.
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Gain
The expression for voltage gain of a CE amplifier is

Output voltage {V_ )at the collector terminal

out

Voltage gain, A [nput voltage (V,))

11

i.R./1R,
But R=fr andi =pi

where R o is the resistance connected in the collector terminal and r, 1s the emitter diode
resistance.

Therefore A = RC;’ r,
r

2

26mV/1. (approximately)
Gain of an amplifier is usually expressed in decibel (d3).

GainindB = 20log, (V_ /V }=20log (A)
Solved problem 8.2
[I'the gain ol an amplilieris 10, [ind the gain in dB
GainindB =20 logm% = 20log 10
1 = 20x 1=20dB
Activity 2
Sef up a single stage transistor Vee
amplifier circuit using the ;L
following componen'ts and -— = e
analyze the results obtained. = = | Ce
R =33 k22 CCI_ : "o
R. =15k
R,=33kQ e V“Bm;
R, = 330 kQ 3
C., =10 uF 1
Cc=10uF Kig. 8.7
C,=100 uF
1. Measure the collector current and collector to emitter voltage using
CRO.

2. Measure the maximum signal voltage that can be amplified by the
amplifier without having clipped output.

3. Measure the voltage gain of the amplifier at 1kHz.

4. Measure the voltage gain of the amplifier for different values of load
resistor R .
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DECIBEL SYSTEM

Logarithmic scale 1s used to compare two powers. This is because an individual s
seeing or hearing power varies non linearly. The number ol bels by which a power
P, exceeds power P is delined as

PZ
Numberofbels = log,,
1

Decibel is a smaller unit than bel;, decibel is one —tenth of'a hel

Number of dB (decibel) = 10 x Number of bels

PE
= 10log , F] dB

For an amplifier P, represents the input power and P, the output power. If V and
V, are the input and output voltage of the amplilier

vi
P = R,
'S
P, = R,

R isthe resistance across which the power is developed.

| | V; /R
. Number ofdB = 101log VI/R
|

2

LT V
- 10 log Vl-z = 2x 10 log mvj

V,
=201log , [71} = 20log ,(Voltage gain)

or(Voltagc gain)dB = 20log  (Voltage gain)
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8.6 MULTISTAGE AMPLIFIER

A single stage amplifier may not be sutficient to provide the desired gain in certain cases. To
increasc the gain morce than one stage can be connected in scrics (cascaded). Such a cascade
of amplificrs is known as a multistage amplificr or cascaded amplificr.

| A V A R ‘
T.,fm : 1 : V2 _ Vel Aq .Vc-ut

Fig 8.8 Muliistage Amplifier

Overall voltage gain A=A A ... .. A where A A
individual amplifier gains '

Jre e ,A_rtepresent the

Gain of Multistage amplifier in dB
20log ;A = 20log A +20log A2+ ...l +20log, An

A = A +A, Lt +A

{dB) 1idB) 2{dB)
Solved problem 8.3
Amultistage amplificr consists of three stages with voltage gain 30,50 and 80 respectively.
Calculate the overall voltage gain in dB.

Overall gain A A TA LA

W sy T 2y ey

Al(dm = 201og,, 30=29.54 dB.
Aygn  — 20log, 50=33.98dB
Aa(dm = 201og , 80=38.06dB
A(dB} = 2954+ 33.98 + 38.06

= 101.58 dB

Alternatively,

A = A xA xA,

= 30 x 50 x 80

= 120000

Downloaded from https:// www.studiestoday&clg)%



Downloaded from https:// www.studiestoday.com

-, Overall voltage gain in dB = 20log,, 120000
= 101.58dB
8.7 FREQUENCY RESPONSE OF AN AMPLIFIER
Frequency response gives the response ol the amplilier [or dillerent [requencies. It is indicated
in a graph with frequency along x-axis and voltage gain along v-axis. Fig. 8.9.a shows the
typical frequency response curve of a single stage RC coupled amplifier.

Avf=======
AV .
2

1
|
Voltage |
gaiﬁ’ L mid frequency
Ay A region K
|
| :
d > logf
f, f,

Fig. 8.9.a Freguency response of amplifier

From the frequency response curve it can be seen that the gain remains constant only at mid
frequencies. Gain decreases at low and high frequencies. Mid frequency region is defined as
the range of frequencies between lower cut off frequency (f ) and upper cut off frequency
().

The lower and upper cut o[l [requencies are delined as those [requencies where power gain
ol the amplilier decreases 1o hall the mid [requency gain. These points are also called hall
power points. In decibels, the power decreases by 3dB. Correspondingly at half power

1
points, the voltage gain falls to 7 {or0.707) ofthe mid frequency gain,

Bandwidth

The mid [requency range ol an amplilier is specilied by the parameter bandwidth. It is the
difference between the cut oft frequencies T, and 1, . The bandwidth specities the range of
frequencies over which the amplifier can provide constant gain.

Fall of gain at low frequencies

The coupling and bypass capacitors are provided to oller almost zero impedance 1o AC
signals. In other words they should act as short circuit to AC. But capacitive reactance is
inversely proportional to frequency.
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1
Xe™ 3ntC

So as [requency decreases, the capacitive reactance increases. Hence they cannot be replaced
by short circuits at low frequencies.

The input coupling capacitance ollers a high reactance at low [requencies. Due Lo this a
significant input voltage is dropped across the input coupling capacitance. Thus only a portion
of the input signal to be amplified reaches the transistor base. This causes gain reduction at
low frequency. Similarly the coupling capacitance connected at the output side also cannot
couple the signal completely to the next stage. C, which is used to bypass R also cannot do
the bypassing action ellectively due to its high reactance to AC. This causes a voltage drop
across R, resulling in gain reduction.

Fall of gain at high frequencies

We know that the depletion layer is formed in the base emitter and the base collector junctions.
The depletion layer does not have any charge carriers, where as in either side ol the region
there are charge carriers. This results in a capacitive ellect.

Capacitance C, _belween the base and the collector connects the output with the input Fig.
8.9.b. Atlow frequencies, since the reactance is high it is almost an open circuit and hence
there is no cffect. But at high frequencics since the capacitive reactance is small, it provides a
conducting path between the input and the output. This will effectively reduce the input and
there by the gain.

Vee

@ olp

Fig. 8.9.6 Diagram showing junction

capacitanices af high frequencies.
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Activity 3

Set up a single stage RC coupled amplifier referring fig. 8.7 and
1. Measure the Q point values using CRO.

2. Measure the voltage gain of the amplifier for different
frequencies like 200 Hz, 600 Hz, 1 kHz, 1500 Hz, 2 kHz, 3
kHz, T MHz etc.

Plot the frequency response curve.
4. Measure the bandwidth,

Bascd on the frequency of operation, amplificrs can be broadly classificd as audio frequency
amplifier. radio frequency amplifier and video amplifier. Audio frequency amplitier is for
frequencies between 15 Hz and 20 kHz, radio frequency amplifier for frequencies between
10 kHz and 1000 GHz and video amplilier [or [requencies between DC 1o 6 MHz.

Check your progress

e Specify the significance of frequency response curve in the
design of amplifiers.

8.8 AUDIOPOWERAMPLIFIERS

Asthe name implies, audio amplifiers are used to amplity the audio signals. It is an essential
component in public address systems, radio, tape recorder, TV ¢te. 'The RC coupled amplificr
wc have discussed, can be usced as an audio

amplifier. As we have seen, itis a voltage amplifier. Ve

In many systems, we need multistage amplilier

1o gel the desired gain. The initial stages will be LS
voltage amplifiers, whereas the final stage will be R || {lr[ﬂ
a powcr amplificr, so as to deliver the maximum !

power to the output device (ce. loud speaker). Cin

I.ctusnow look at a typical audio power amplifier I i

that can be used at the final stage of a public
address system (Fig. 8.10a). The output device
connecled Lo an audio amplilier is a loud speaker. R» R
The impedance ot atypical loudspeaker is 8 ohms. £ Ce
So ifiit is connceted directly the effective load

resistance will be very low. This in turn makes _I_

the gain very low. This problem can be solved

11

Fig. 810 ta) Power Amplifier
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by using a transformer to couplc the output to the loud speaker. This arrangement is henee
called transtormer coupled amplificr. The transformer functions as an impedance matching
element, which converts the low impedance of the output device into an effective high
impedance.

[Figure shows the block diagram of a simple public address system (PASYSTEM)

i Pre- -
sound input Mhero o Voltage Power Loud
P shone amplifier amplifier amplifier speaker
Fig. 8710 (bj

8.9 OPERATIONALAMPLIFIERS

Operational Amplifiers, or Op-amps as they are more commonly called, are one of the
basic building blocks of analog electronic circuits. Operational amplifiers are devices used
cxtensively for signal conditioning, filtering and for performing mathematical operations such
as addition, subtraction, multiplication, division, integration and differentiation. It consists of
several circuits, with many stages of amplification, built specifically to attain ideal characteristics
required [or an amplifier on a single silicon chip. The main characteristics ol an op-amp are

e  Veryhigh gain (ideally infinite)

e Veryhigh input impedance (ideally inlinite) and very low output impedance (ideally

ZRT0)
e  Veryhigh bandwidth (ideally inlinite)

An operational amplifier only responds to the ditference between the voltages on its two mput
lerminals, known commonly as the “Differential Input Voliage™. Then il the same vollage 1s
applied to both the terminals the resultant output will be zero. So a noise voltage which appears
common to both inverting and non-inverting inputs can be eliminated.

An Operational Amplifier is a device which consists of two high impedance inputs. one
called the Inverting Input, marked with a ncgative or *minus” sign, ( - } and the other one
called the Non-inverting Input, marked with a positive or “plus™ sign ( + ) and onc output.

Fig. 8 1i.a Symbolic representation of opump

The input to the Op-amp can be given either to the inverting terminal or to the non- inverting
terminal. Ifthe input is given to the inverting terminal, the output will be inverted in comparison

¥

Downloaded from https:// www.studiestoday&glg%



Downloaded from https:// www.studiestoday.com

with the input, whereas when it is given to the non-inverting terminal, it will be in phasc with the
mnput.

741C is a popular operational amplifier which is an 8 pin IC.

W
Input Offsat 8 |NC

Inverting Input | 2

+Weo Supphy

Mon-inverting Input | 3

Output

-Vee Supply | 4

Input Offset

Inverting Amplifier

Whcn the Op-amp is used as inverting amplificr, the input signal is given to the inverting input,
Now the output signal is 180° out of phasc with the input signal.

Ry
+Vee
Ry
o AAN——
T : &
V.
u Vnut
l -Vee |
o o
Fig. 8.11.h fnverting Amplifier Circuit
-R,
A=TR,

Where A represents the gain of the inverting amplifier
Non Inverting Amplifier

When the Op-amp is used as non inverting amplilier, the input signal is given (o the non
inverting input. Now the output signal is in phase with the input signal.
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Fig. 8 11.¢ Non-Inverting Amplifier Circuif
The gain ol the non-inverting amplilier is given by;

R,

A=l+
1

Activity 4

Set up an integrator Circuit and a differentiator circuits with R=1K and
C= 0.02 pF. Set up a square wave of 1IKHz frequency and 1V peak to
peak value as input V. .Observe the output waveform on the CRO.

C
| | R

|1 Y

+V +
R fole C Vee

l -Vee Vo Vee ™

Vi
lc

[
O

a) Integrator b) Differentiator

Fig 812

Check ifour progress

o  Design an inverting amplifier for unit voltage gain
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An amplifier is a device used to raise the strength of a weak signal. Amplifiers can be
classitied into voltage and power amplifiers. In voltage amplifiers the output resistance is
much greater than the input resistance. CE configuration is commonly used duc to its
high voltage and current gain. When a transistor is used as an amplifier, the flow of I,
produces heat in the collector junction due to which more minority carriers are generated
causing more reverse leakage current and hence more I_. Thus the tlemperature ol the
collector junction increases and the junction breaks down. Thls process is called thermal
runaway. The voltage divider bias with emitter resistor, avoids thermal runaway. In fixed
bias circuit, once R, is sclected, 1, becomes fixed and V.=V + [ R . Involtage
divider bias circuit, the equation for the output sideis V.. = [.R +V . +1 R . Here
since dependence of [ and V _ on beta are reduced significantly, the operating point
remains lixed and this circuil 18 also called universal biasing circuit. For the transistor 1o
act as an amplifier, the operating point must be in the active region. The most suitable

V.
position ol the operating point is al the middle ol'the load line where V__= % . The gain

Vo
ofan amplifierindBis201og v, -Ifanumber of amplifiers with gains A LA, A ... ...

are cascaded, the gain of this multistage amplifier A=A~ A, x A, x..... and expressed
indbisA g =A o FA Lt +A qn Iheresponse of anamplificr at different
frequencics can be obtained using frcqucncy response curve, From this curve, itcan be
seen that the gain remains constant only at mid-frequency region. 1.e. the frequencies
between the lower cut-ofl [requency ([, ) and the upper cut-oll [requency (L ). Thus the
range of [requencies (I - I ) over which the amplilier provides constant gain is called
bandwidth. An Op-amp is a three terminal device consisting of two high impedance
inputs i.c. inverting and non-inverting inputs. So it can be used as inverting and non-
inverting amplificrs. Op-amp arc extensively used for signal conditioning, filtering and for
performmg mathematical operations.

The learner is able io

e  [xplain the concept of amplification

e  Point outthe usc of transistor as an amplificr

e  Identify the need for biasing circuits in transistor amplificrs

e  Draw the graph and thus cxplain the gain and frequency response of the amplificr
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&  [ixplain the reasons for gain reduction at low and high frequencies
¢ Point out the significance of opcrational amplificrs in lincar circuits
e  Draw the the Pin configuration of 741C

e  Explain thc importance of having opcrational amplificrs as amplificr circuits

e Draw the circuit diagrams and thus cxplain the inverting and non inverting
configuration of 741C.

‘Q@ €valuation {1

Multiple choice questions

1) The transistor configuration which can't be used for voltage amplification is

a. CEconfiguration b. CB configuration
¢. CC configuration d. All ofthese can be used
2)  Which transistor configuration is most commonly used for amplification
a. CL configuration b. CDB configuration
¢. CC configuration d. None of these

3)  The transistor biasing method which helps to avoid thermal runaway

a. I'ixed bias b. Voltage divider bias
¢. Collector 1o base bias d. Emuilter io base bias

4)  When voltage divider bias circuit is used

a. Operating point depends on current gain

b. Operating point shilis towards saturation region.

¢. Operating point is independent ot transistor parameters
d. Collector current varies as temperature raises

3) The gain of an amplifier is given by

a. l()g Voul m b. 20In VUUIN{n
c. 20logV V. d. InV_/V_
6)  The voltage gain of an ideal Op-amp is
a. Zero b. 100%
¢. Infinite d. Cannot be predicted
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7)  The input impedance, output impedance and bandwidth of an ideal Op-amp are

respectively
a. Infinitc, zero, infinite b. Zcro,infinite, zcro
c. Zero, zero, infinite d. Infinite, infinite, zero

8) If A, A, and A arcthe voltage gains of the three amplificrs which arc cascaded then
the overall voltage gain will be
a. A +A, +A, b. A ALA
. AN T A A d AN ATAFAT A
9 When Op-amp is used as inverting amplifier the out signal is
a. Inphase with the input b. 90° out of phase with input
¢. 180° out ol phase withinputd. 270°oul ol phase with input
10y Which ol the [ollowing is also called universal bias circuil of anamplilier?
a. Fixedbias b. Vollage divider bias
¢. Emilter to base bias d. Base bias
Answer Key
e 2)a 3)b He SHe 6c Tya &b Ne 100 b

Descriptive type questions

Draw and cxplain the function of the fixed bias circuit used in amplificrs.

2. Comparce tixed bias and voltage divider bias used in amplitiers. What arc the
advantages of voltage divider bias circuit?

What arc the main requirements of a biasing circuit in an amplificer?

With a neat circuit diagram cxplain the working of a single stage RC coupled
amplificr.

Draw the required curve and thus cxplain the frequency response of an amplifier.
[ind an expression for the gain (in dB) of a multistage transistor amplificr.

Draw the circuit diagram and thus explain the inverting and non inverting
configurations of an Op-amp.

8. Show that the most suitable position of the operating point of an amplifier is at the
middle of the load linc.

9. (lassify amplifiers on the basis of their frequencies of operation.

10. What are the applications of Op-amp.

Ifgy)imloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

OSCILLATORS

INTRODUCTION

An electronic oscillator is a circuit that produces a
repelilive, oscillating electric signal, olien a sine wave
or asquare wave. Oscillators generate AC signals
of different frequencies by drawing power from a

INTRODUCTION

9.1 ALTERNATING SIGNAL GENERATORS

9.2 TYPES OF OSCILLATIONS DC power supply. Oscillators generate frequencics
ranging from a few 117 to several M1z, They are
9.3 GENERATION OF SINE WAVES mainly used in electronic communication circuits such

as radio, television, RADAR elc. In various
comnunication circuits, oscillators are used to
generate high frequency signals to carry messages.
Oscillators arc often characterized by the frequency

9.5 BARKHAUSEN CRITERION FOR of their output signal.
OSCILLATION

9.4 CONCEPT OF FEEDBACK

¢ Anaudio frequency (AF) oscillator produccs

96 OSCILLATION IN RC OSCILLATORS trequencies in the audio range (20Hz - 20kHz).

e A radio frequency (RI") oscillator produces
frequencies in the radio frequency range.
(100kHz -30MHx)

9.7 RC OSCILLATORS

9.8 ASTABLE MULTIVIBRATOR
Square waves are generaled with the help of
multivibrators. The other wave [orms such as
triangular waves can be obtained by shaping the
S(UATC Waves.,

9.9 CRYSTAL OSCILLATOR

9.1 ALTERNATINGSIGNALGENERATOIS

We are [amiliar with the electric supply vollage
provided in our houses which is of sine wave having
afrequency of 50117. It is produced by an alternator
{AC generator), An alternator is amechanical device
having rotating parts. It converts mechanical energy
into electrical energy. But an alternator cannot
produce very high [requencies, since the mechanical
parts cannot be moved at a faster rate. An oscillator
differs from an alternator in the following aspects.
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l.  An oscillator is not a mechanical
device; so the operation is quite silent.

2. It can produce wide range of
frequencies.

3. The frequency of the signal can be
easily changed when required.

Activity 1

Find the frequencies of FM channels in
your locality.

9.2 TYPESOFOSCILLATIONS

Sinusoidal oscillations can be damped or
undamped. The electrical oscillations whose
amplitudc gocs on decreasing with time arc
called damped oscillations see [Fig 9.1 (2). This
happens because the circuit in which oscillations
are generated has ohmic losses and energy 1s
being lost as oscillations are produced.

In undamped oscillations Fig 9.1 (b}, the
maximum amplitude of sine wave does not
change with time. [nthis casc, right amount of
energy is being supplied to overcome the energy
losses in the circuit. In electronic oscillators, an
amplifier 1s used to supply energy Lo
compensate the losses.

Voltage
N

"

Have you ever thought about what the
frequencies denoted by various FM
and AM channels mean? They denote
the frequency of the carrier signals
used to carry the audio signals. The
carrier is a high frequency signal used
in a long distance communication
where the message is added in the
carrier (or modulated) for
transmission. If the message is
contained in the amplitude of the
carrier it is Amplitude Modulation {AM)
andifitis contained in the frequency,
it is called Frequency Modulation {FM).

FM channels Frequency
AnanthapuriFM [ 101.9 MHz
Kochi AIR FM 102.3 MHz
Kannur AIRFM | 101.5 MHz
FM channels Frequency
Thrissur AIR 630 KHz
Alappuzha AIR 550 KHz
Kozhikkode AIR 684 KHz

\

Voltage 4

y

/ e

-
e
-
-
-
-
-
-

Fig 9. 1fa} Damped Osciflations

-
-
R

N -
Time

Fig 9.1¢(6} Undamped Oscitfations

I@ﬁmloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Activity 2
Take one long piece of rope and fix ifs one end. You hold its other end in
your hand and move your hand up and down,

If you make only one move, then you can see oscillations in the rope and
these oscillations die soon. It is an example of damped oscillation.

Instead of inaking one move, if you continuously move your hand up and
down, you can see sustained oscillations in the rope. In this case you
are giving energy continuously to keep the oscillations in the rope. These
oscillations are undamped or sustained oscillations.

9.3 GENERATION OF SINE WAVES

In an electronic oscillator, the circuit which produces oscillations of any desired frequency is
knownastank circuit. 1o understand the gencration of oscillations, we shall have a look into
the mechanical oscillations produced by a simple pendulum.

A pendulum consists of a mass (known as a boh) attached by a string to a pivot point, [fwe
push the bob to one side the pendulum moves and it sweeps out a circular arc. moving back
and lorth in a periodic fashion (or il oscillates). During the oscillation, the bob goes 1o the
extreme posilion al one side, stops there [or a while and returns to the mean position. It does
not stop at the mean position, but moves towards the other extreme position and returns from
there to go to the previous extreme position. 'The oscillation continues in this way. I'he potential
cnergy of the pendulum is maximum at the extreme positions but the kinctic energy is zero
since the pendulum rests there for a while. When the bob returns from there, the potential
energy decreases and kinetic energy increases and the kinetic energy 18 maximum at the inean
position. The pendulum oscillates because ol the energy transler between potential and kinetic
forms. The oscillations continue in this way for any long time and we get undamped oscillations
if there is no loss of energy during this transfer. But duc to air friction, the encrgy of the
pendulum decreases and oscillation decreases or the amplitude of the oscillation decreascs
gradually and it dies out finally. If we give energy to compensate this loss, the oscillation
becomes steady and we gel sustained oscillalions.

The oscillation produced in the tank circuil of an oscillator is analogous 1o the oscillation of the
pendulum. In the LC tank circuit, the oscillations are produced when the energy changes
between the magnetic and the electric forms. The magnetic energy is stored in the inductor
and the clectric cnergy is stored in the capacitor. The working of the tank circuit is discussed
inthe next scetion.

Tank circuit

An LC circuit, also called a resonant circuit, tank circuit, or tuned circuit, consists of an
inductor L and a capacitor C (fig 9.2). When connected together. they can act as an electrical
resonator. LC circuits are used either for generating signals at a particular frequency, or picking
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out a signal at a particular frequency from a J
. ey -

morc complex signal. They arc the key

components in the LC oscillators.

The LC circuit we have discussed is an
idealized model since it is assumed that, there
1s no dissipation ol energy due (o resistance. L
But the practical implementation ot an LC
circuit always includes loss of energy resulting
from a small but non-z¢ro resistance within
the components (L and C) and connecting
wires. The purpose of an LC circuit is usually
Lo oscillate with minimal damping. so the
resistance 1s made as low as possible. The
operation of a tank circuit is explained below.

Fig 9.2 Tank cireuit

The capacitor stores energy in its electric field E and the inductor stores energy in its magnetic
ficld B. If a charged capacitor is connceted across an inductor, charge will start to flow
through the inductor, building up a magnetic ficld around it. The voltage across the capacitor
decreases due to the discharging of the capacitor. Eventually all the charge on the capacitor
is lost and the voltage across it reaches zero. However, the current continues 1o [low, because
the inductors resist changes in current. The energy to keep the current [lowing 1s extracted
from the magnetic field. So the magnetic field begins to decline. As current flows, the capacitor
will start charging, developing a voltage of opposite polarity. When the magnetic ficld is
complctely dissipated, the capacitor will be fully charged. The capacitor now starts discharging
and the current flows charging the magnetic field. Then the cycle will begin again, with the
current [lowing in the opposite direction.

The charge lows back and lorth between the plates of the capacitor, through the inductor.
The energy oscillates back and forth between the capacitor and the inductor. These oscillations
gradually decrease, as the energy 1s lost in the internal resistances and the oscillations die out
soon, T hisaction is similarto a pcndulum swinging back and forth, The frequency of oscillations
gencrated in the tank circuit is the resonant frequency of the LL.C circuit. If we plot the variation
of the current in the inductor or the variation of voltage across the capacitor with respect to
time, we get asinusoidal graph. This changing voltage or current is the output of the oscillator.

Similar to the air friction that causes loss of energy during the oscillation of the pendulum, the
electrical resistances ol the inductor and the capacitor cause loss of energy in electronic
oscillator. In order to get sustained oscillation, we need to supply energy continuously to the
system. We give this energy to a pendulum in the form of regular external push, whereas it is
eiven to an oscillator with the help of an amplificr in the circuit.

Basically we have two types of oscillators. 'They are 1.C oscillators and RC oscillators. An
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oscillator has two parts - an amplificr and a feedback network. If'the feedback circuitis an
[.C circuit, the oscillator is called 1.C oscillator and if'the feedback circuit is an RC circuit, the
oscillator is called an RC oscillator.

The generation of oscillations in RC oscillators will be discussed later in this unit after studying
the Barkhausen criterion [or oscillations.
Frequency Selectivity
You might have heard about tuning of the radio. We can select programs from different radio
stations by tuning them. Such tuner circuits have [requency selectivity. The ability ol a circuit to
select a signal of a particular [requency [rom a group ol large number ol signals having
different frequencies is known as frequency selectivity. An LC tank circuit is a tuner which can
sclect a frequency which is equal to its resonant frequency.
[low is a particular frequency scleeted by an 1.C circuit? It is explained below,
The total impedance of LC circuit is given by
Z=R+j(X,-X)

where R is the total internal resistance of the inductor and the capacitor.

X, 1sthe reactance of the inductor.

X is the reactance of the capacitor.
Now the impedance of the circuit is minimum or the current in the circuit is maximum when X,
iscqual to X_. So Z.=R. Thus ata particular frequency for which X becomes cqual to X, the
circuit produccs maximum response or current, This frequency is known as resonant frequency.
In this condition, the circuit is said to be in resonance. Ior other frequencies, the response of

the circuit will be less. The tank circuit thus selects its resonant [requency [rom all other
[requencies by providing maximum response to this [requency. At resonant [requency.

X =%
L = 1/2xLC)

1
weget,f = 2RILC

[tis scen that different frequencics can be sclected by varying the valuc of 1. or C. Usually C
is varicd with a variablc capacitor and this process is called tuning.

An L.C oscillator has an 1.C tank as its feedback circuit. When the DC power supply of the
oscillator 1s switched ON. a very large number of different frequencies are produced in the
circuil (reler the content given in the box). The LC tank circuit of the oscillator is a resonant
circuit and it selects only one [requency which is equal 1o 1ts resonant [requency [rom these
difterent frequencies. This frequency will be amplitied by the amplifier and sustained oscillation
of that particular frequency is obtained. Thus frequency of oscillation is determined by the LC
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tank ¢ircuit,

A sudden change in voltage contains a large number of sine waves having different
anmplitudes and dillerent [requencies. These [requencies occur as harmonics, The
[requencies range [rom a [ew Hz o several MHz.

Consider that a voltage source of 10V is switched ON, the voltage changes suddenly
from 0V to 10V as shown below in fig 9.3(1).
10V 10V

0V Fig. 9.3 0V

Similarly, a sudden voltage change occurs when the power supply is switched
OFF as shown in Figure 9.3 (ii}).

Such sudden voltage transitions contain infinitely large number of sine waves of
varied frequencies and amplitudes.

The 1.C oscillators arc not used for gencrating low frequencics below 20K 117, Why?

"The frequency of oscillation of an L.C oscillator is given by
fo=12nJLC

‘They are good for gencrating high frequencics. But for low frequencics, (say audio frequencics),
the LC oscillators are impractical since high value of inductance and capacitance is required
according lo the above equation. The size ol the inductor and the capacitor are very large, il
the value is high. In this case RC oscillators are suilable, since large value resistance 1s not
large in size. Also with the advancement of IC technology, RC oscillators are more feasible
sincc it is very difficult to make large value inductance in 1Cs. Therefore RC oscillators are
beeoming increasingly popular.

9.4 CONCEPT OF FEEDBACK

Feedback is the process of providing a fraction of output back to the input of a system. It is
used to control or improve the performance of the system. In electronic circuits, we use two
types of feedback - positive feedback and negative feedback. In positive feedback, the feed
back voltage is in the samne phase as that ol the input voltage and hence when it is added, the
effective input increases. On the other hand, in the negative feedback, the feed back voltage
has a phase difference of 1 80" with input voltage and hence when it is added, the effective
input decrcascs.

Positive Feedback

[n Figurc 9.4, the amplificr has gain * A’ and the feedback factoris *[3°. Now a part ofthe
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g Vo +Vy Amplifier v, Output
- ¢ _ A +

- Feedback
vV Circuit
: p
+

Figure 9.4 Positive Feedback

output voltage is taken back to the input side so that this fcedback voltage V., supports the
actual input signal V . Note the polarity of the signals V_and V. Now the input of the
amplifieris
V_+V,_. The type ol [eedback here is posilive [eedback.
Activity 3
Analyze Figure 9.4 and note the difference in gain without feedback and
with positive feedback.
Without feedback
Input voltage =V,
Output voltage ,V,=AV,
With feedback
Input voltage=V,+V,
Output voltage, V, = A (V+V)

It is clear that the output voltage is greater with feedback. In other
words we can say that the positive feedback given has resulted in the
increase in the gain of the amplifier system. Positive feedback is mainly
used in oscillators for obtaining sustained oscillations.

Negative Feedback

Here the [eedback voltage V, opposes the input signal V. Note the polarities ol the voliages
Vyand V (V is 180° out of phase with V_hence negative polarity). Now the effective input
to the amplificr is V- V.. This type of feedback is known as negative feedback.

The input voltage without feedback is V and the corresponding output voltageis V = AV,
With feedback, the effective input voltageis V. - V. So the output voltage is V = A(V — V).
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. 1 1}
Vg Vg -V Amplifier Vi, Output
- ] - A + v]c

+
Feedback
v Circuit
[
- J

Fig. 0.3 Negalive Feedbuck
Clearly the output voltage decreases when there is a negative feedback in the system. In other
words the negative [eedback reduces the gain ol the system. Negative [eedback 1s mainly
used in amplifiers to reduce the noise effects and to increase the band width.

9.5 BARKHAUSEN CRITERION FOR OSCILLATION

Consider the block diagram ol an oscillator containing amplifier and [eedback circuit.
+ -

V. 4

i o P ¥
gt -

Fig. 9.6 Block diggram of an osciflator
The gain of the amplifier is A and the gain of the feedback network (or feedback factor) is 3.
We know that an oscillator generates an AC signal, taking cnergy from a DC source voltage.
It does not require any AC input signal. Then from where does the oscillator get sine wave?
As we have discussed in section 9.4, when the DC voltage source is switched ON, the
voltage change or voltage spike is the source ol sinusoidal oscillation.

From Figure 9.6, we can see that a [raction ol the outpul voltage BV reaches the input of the
amplifieras V..

Thus we have V, = AV
Vi = BVO
orV,= AV, = ABV,

This is possible only il A l.
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[f the output of the system has to remain constant at V , with time (sustained oscillation), then
A should be unity.

What happens if A is not unity?. We shall discuss it with an example. Consider thatat a
particular time, the output sine wave of the oscillator has an amplitude of 1V,

Casc LABp<1
Take AP=0.8.A=2.p=0.4 (see Iigure 9.6)
fv, =1
nputV, = BV, =04x1=04V.
Now output voltagc Vo = VixA=04x2=0.8

ic output voltage is deercased from 1V t0 0.8V

What happens next?
Now V = 08volts.
V. = BV,=04x08=032V
Sooutput V= 2x0.32=10.64.

Inthis way, the amplitude of'the output voltage continuously decreases and after some time
the oscillations dic out. Such an oscillation is called a damped oscillation. Refer Figure 9.7 (a).

Case [, AR > 1
Take A=2, =06 or AB=12  (seeFigure9.6)
we haveoutput Vo, = Tvolt.
Sotheinput V.=V, = 0.6 x1=06V
Nowoutput V,=AVi = 2x0.6=12V
Now output voltage is increased from 1V to 1.2V. What happens next?
Now V., = 12V
Inpul V.=V, = 06x12=072V
Sooutpul V. =AVi = 2x0.72=1.44V

In this way the amplitude of the output voliage continuously grows and such oscillations are
called growing oscillations. Refer Figure 9.7 (b)
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CaseIll, AB=1
Take A=2,=B0.5
wehave V_ =1v
So theinput V.= BV, =0.5x 1 =0.5v
With this input, output V. = AV =2 x 0.5=1v

We see that the outpul vollage remains the saine in this case and such oscillations are called
sustained oscillations. Reler Figure 9.7 (¢). We need sustained oscillation at the output ol an
oscillator.

N v T
W [ ——
/\ ﬂ“r\‘ = L

L —

(a) (b) T
n

fivi
AT

{c)

¥

Fig 9.7

Now we have learned that the magnitude of AP should be unity {|Ap|= 1) to geta sustained
oscillation. The second condition is that the total phase shift introduced in the signal when it
moves around the closed loop containing amplilier and (eedback network must be 360°or (°
(V1= Vo, sothe polarity of Vi and Vo should be the same). In other words we can say that
the phase angle of AP should be 360°or 0°. If the amplifier introduces a phase shift, the
feedback network should produce an additional phasc shift, so that the total phase shift becomes
360" For example if a CE amplifier is used, then it introduces 180° phase shift between its
input and output. So the feedback network should introduce 180° phase shift or the phase of
B should be 180°.

Thus we can conclude that the conditions lor sustained oscillations are;
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Magnitude of AP =1 and
Phase of AR =0°r 360°

These conditions are known as Barkhausen criterion for oscillation.

( A
The gain of an amplifier with positive feedback is given by A = m . When the loop
gain A[5 = 1. the gam o[ posilive leedback system becomes inlinity. So an oscillator has

infinite gain. In other words, we can say that an oscillator produces an output signal
without an input because it has infinite gain.

9.6 OSCILLATION IN RC OSCILLATORS

RC oscillators have [eedback circuil containing RC network. The phase shili produced by an
RC network depends on the frequency of the signal. The phase shift produced by an RC
nctwork is given by

0 =tan [1/(2nfRC)Y]

Thus it'the amplifier produces 1807 phase shift, then the RC network must produce another
180° phasc shift. So the sustained oscillation will be produced in the oscillator at that particular
frequency for which the RC network makes 180° phase shift. Thereby an RC network selects
the frequency of oscillation.

9.7 RCOSCILLATORS
'The two most important RC oscillators arc

(1) phasc shiftoscillator

Ry
(2) Wicnbridge oscillator W

Phase Shift Oscillators R,

Let us discuss an oscillator for which ® o\,

Op-amp acts as amplificr stage and /

three RC sections function as feedback s

ircuit (Fic <

circuit (Fig 9.8). 1

The Op-amp used is in inverting mode -

and hence there 1s 180" phase shill C N C " C 1

between 1ts mput and output. The three ] B K

cascaded RC sections should provide

the additional 1807 phasc shift for the RE R § R

oscillation to start. Since we have used

three identified RC sections, each RC

section must provide 60° phase shili. —- Fig. 9.8 Phase Shifi Oscillator

=
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As we have already seen, a large number ol dillerent [requency sine waves are generated
when the DC supply is switched ON. At a specific frequency when the phase shift of one RC
scction is 60°, the phase shift of three RC sections becomes 180° and the circuit will oscillate
at that frequency (Fig 9.9).

Input Cutput  Input

e [

C C1 c2
|
I

Single Stage Thres Stages

Fig 0.9 RC stuges and corvesponding phuase shifis

The [requency ol oscillation is given by

f = 1/2xRCJg)
If we calculate the value of feedback factor [5 at this frequency. we get
B = 1/29
(Note: derivation is out of the scope of this textboaok)
So as per Barkhausen criteriaA = 29
I'or the inverting configuration, A’ = -R_/R,
Al = R,/R

or R, = 29 R,

‘To obtain a desired frequency of oscillation, choose a particular valuc for the capacitor, C and
then calculate the value of R from equation for °f ™.

Solved Problem 9.1
Design a phase shift oscillator for 4001 17.
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Sofution
lLetC = 0.1uF, then from cquation
f = 1227RCJ6 wchave
R=12xrfoC.6 = 1/(2nx400x0.1 x 10%% J6)
= 1.63 K2
TakeR. = 29R
Check your progress:

Design a phase shift oscillator for i) 1kHz and it} 600Hz

Wien Bridge Oscillator

The Figure 9.10 shows the circuit of a Wien bridge oscillator. Here a Wien bridge circuit is
connected between the input and the output terminals of the Op-amp. The bridge has series
RC circuit in onc arm and parallel RC circuit in the adjoining arm. Theresistors R, and R are
connected in the remaining two arms of the bridge.

R

WA
1 ‘
WWW'

C

m:,mu | |
o
RE —— C

Fig 910 Wien Bridge Oscillator

For sustained oscillation, the total phase shili around the network must be 0° or 360°. In this
circuit, the Op-amp is in non inverting mode and hence there is no phase shift between its
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input and output. So the feedback network should not introduce any phasc shift in the signal.
This condition occurs only when the bridgc is balanced or when it is at resonance.

The frequency of oscillation is the same as the resonant frequency of the balanced Wien
bridge and it is given by

to =1/2nRC
If we calculate the feedback factor, [3 at this frequency, we get
B=1/3
To satisfy the Barkhauscn criterion, the gain of the amplifier
A=1/p=3
So the gain of the non inverting amplifier, A= 1+R /R, =3 or R /R, =2,
ic.. R.= 2Rl
Wicn bridge oscillator has a very good frequency stability and the frequeney can be varied
casily toa large range.
Check your progress:
Design a Wien bridge oscillator for i) 950 Hz and ii) 1.5KHz.

9.8 ASTABLE MULTIVIBRATOR

Itis a square wave generator and its output waveform has only two voltage levels; either high
state or low state. Here the Op-amp operales in saturaled regions - positive saturation (+V_
=+V_.) and negative saturation (-V_ = -V__). The output ol the Op-amp swings belween
+V_ and-V_ continuously resulting ina square wave output. An astable multivibrator circuit
using Op-ampis shown below:

Vz \
o,

i

=

\
L

Rz

Fig 911 Astable Muliivibrator
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'I'hc operation of the circuit is cxplainced below.

The differential input voltage of the Op-amp, V =V -V,

ItV is positive, or V, >V the output of the Op-amp goes to positive saturation, +V. ..
[tV isnegative, or V| <V then output of the Op-amp goes to negative saturation, -V, ..

Assume that the capacrtor, C 1s initially uncharged and voltage across 1t 1s zero. So V, =(.
Now, when DC supply is switched ON, there will be asmall output offsct voltage, *V o .
[fwe assume that, this v, (otten is positive, then this voltage is divided between resistors R, and
R.. Hence there will be a small positive voltage V. Now V__ is positive, and so the output of
the Op-amp becomes +V .

SOV, =4V e (9.10)

At the same time, the capacitor, C starts charging through R with the voltage +V. The voltage
across the capacitor gradually builds up and when this voliage slightly goes above V.

V. =V, -V, becomes negative.
The output now swilches o -V _.. SoV_=-V .
eld 0 CC
V| isnow anegalive voltage.

Now the capacitor discharges and charges negatively through ‘R’. So the voltage across the
capacitor increases negatively. When this vollage V, goes more negative than V , V. becomes
positive and the output of the Op-amp goes to +V,.... This process repeats and the output of
the Op-amp switches between +V .. and -V . after fixed time intervals. Thus we get square
wave output.

'The time period of the output square wave,

T=2RCIn[(2R,+R )}/ R |

To simplify this cquation, take R =1.16 R,

Then we get
T=2RC
or frequency, f — 1/T=1/(2RC)

Thus the frequency of the square wave can be easily varied by a variable resistor or a variable
capacitor. The squarc wave form with variable ON and OFF time can be uscd for different
timing applications.

Solved problem 9.2

Design a squarc wave gencrator for 1kl 1z,
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Solution
Take R, = 1.16R, so that we can use simplified equation, fo= 1/(2RC)
LetR, = 10K€&,SoR =1.16 <10 =11.6 KQ
Let C = (.01 uF
So R = 1/Q2LoC)=1/(2x1x10°x0.01x10°)
= 50 KQ
Check your progress:

Design an astable multivibrator of frequency i} 15 kHz ii} 100Hz

9.9 CRYSTAL OSCILLATOR

The most important [eature ol an oscillator is i1 [requency stability. The [requency of the
signal produced by an oscillator should remain constant irrespective of time and ambient
conditions. The frequency stability of LC and RC oscillators is not superior. But a crystal
oscillator has a very precisc frequency. [t uscs a piczoclectric crystal which can produce
mechanical vibrations when excited with an AC signal. The most common type of piezoelectric
material used is the quartz crystal, so the oscillator circuits incorporating them came to be
known as erystal oscillators. Quartz erystals are manulactured [or [requencies [rom a lew tens
of kilohertz to tens of megahertz. They are used for consumer devices such as wrist watches,
clocks, radios, computers, and cell phones.

Piezoelectricity

When a crystal of quartz is properly cut and mounted, it can be distorted in an electric field by
applying a voltage to an clectrode ncar to or on the crystal, When the ficld is removed, the
quartz will generate an clectric ficld as it returns to its previous shape, and this can gencratc a
voltage. If an AC voltage is applied to the crystal, it will vibrate (contract and expand) at a
[requency equal to that ol the applied voltage. Otherwise, il the crystal is made to vibrate
mechanically, it will generate an AC vollage at a [requency equal to that of the vibration. This
property is known as piezoelectricity. The result is that a quartz crystal behaves like a circuit

Is
i

ETI

Fig 912 quartz crystaf symbol and equivalent civcuit
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composcd of an inductor, a capacitor and a resistor, with a precisc resonant frequency. The
resonant frequency of a crystal is determined by the cut and size of the crystal. The symbol
and equivalent circuit of the crystal is given in [fig. 9.12

A quartz crystal provides both series and parallel resonance. The series resonant frequency is
alew kilohertz lower than the parallel resonant [requency. Crystals below 30 MHz are generally
operaled between series and parallel resonance. Crystals above 30 MHz (up 1o 200 MHz)
are generally operated at series resonance where the impedance is at its minimum and equal
to the scrics resistance. To obtain higher frequencics, a crystal can be made to vibrate at one
of'its overtone modes, which occur near multiples of the fundamental resonant frequency.
Only odd numbered overtones are used. Such a crystal is referred to as a 3%, 5*, oreven 7"
overtone crystal. To accomplish tus, the oscillator circuit usually includes additional LC circuits
Lo select the desired overtone produced by the crystal. Also the [requency produced by the
crystal oscillator is almost independent of temperature.

Activity 4

Set up an astable multivibrator to switch an LED ON and OFF with a
tinne period of one second,

Solution T Vec = T0v

7y S
22k 3 10WF Z7K Er1opF  E 5

O—C)-

AMAAAA
Ty
AMARA

Yy

Fig. 9.13

Connect the LEDs in the collector of the multivibrator as shown in Figure.

The period of astable multivibrator is T=1.38R C. We have fo generate a
square waveform with a time period of 1 second.

Let C = 10uF
Now 1=1.38R x10x10° orR_=72 K

The LEDs will be ON and OFF alternately; ie when one LED is ON, the
other will be OFF and vice versa. The ON and OFF durations of LEDs are
0.5 second each.
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An electronic oscillator is an amplilier with positive [eedback. Oscillators are essential [or a
variely ol applications in electronics. One main application 1s in the [ield ol communication.
The tunction ofamplifier in an oscillator is to supply necessary energy to the oscillating
circuit so that sustained oscillations arc sct up. In [.C oscillators, the 1.C tank circuit is used
to producc oscillations and in RC oscillators, the RC network scleets a particular frequency
from the noise signal which is produced when the DC source 1s switched ON. Also the LC
circuil has the property ol resonance and [requency selectivity. The ampliliers use negative
[eedback 1o improve its response and at the same time positive [eedback is used in oscillators.
The Barkhausen criterion is a necessary condition for oscillation and it says that the magnitude
of loop gain AP should be unity and anglc of AP is 3607,

The two common RC oscillators are phase shift oscillator and Wien bridge oscillator. The
CE amplificr produccs a phase shift of 180°. In phasc shift oscillator the remaining 180°
phase shift is produced by the feedback network since each of the three RC sections produces
a phase shift of 60° . The frequency of oscillation is determined by the values of R and C in
the RC network. In Wien bridge oscillator, the amplifier as well as the [eedback network
produce zero phase shift. This oscillator has better frequency stability.

The astable multivibrator generates square waves. It uses two cross coupled transistor
circuits and the transistors are alternately switched ON and OFF automatically by the circuit
operation, Its frequency of operation is determined by the circuit components R and C.

‘The erystal oscillator uscs piczoclecetric materials such as quartz erystal to determine the
frequency of oscillation. The frequency is dependent on the thickness of the crystal. The
thinner the crystal. the higher is the frequency produced. A crystal oscillator has a very
good [requency stabilily also.

a%'\\gj

The learner 1s able to

Point out the need for oscillators.

Explain the generation of oscillations,

Explain the working of atank circuit

Point out the significance of feedback.

Lxplain Barkhausen criterion for oscillation.

Lxplain the generation of oscillations in RC oscillators.
Lxplain the construction of RC oscillators

Draw the circuit diagram and hence explain the working of square wave
generalor.

Dﬂ)g)%fnloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

K

€valuation items

Multiple choice questions

L.

Which of the following is a [eature ol an oscillator?

a) The operationis noisy.

b) The frequency of operation cannot be varied easily.
¢) Itcan producc very high frequencics.

d) Itisamechanical device.

Anoscillatorisan ...,

a) amplificr with ncgative feedback
b) amplifier with infinite gain

¢) amplilier with unity gain

d) none ol these

An RC oscillator 1s suilable lor generating ..............

a) RF [requency b) audio [requency

¢) microwave frequency d) all ofthese

An LC oscillator cannot be used to generate very low frequency because ..............
a) the size oL and C becomes very siall

b) the size of L and C becomes very large

c) oscillations will not start at low frequencics
d) the oscillator becomes unstablc

Foran oscillator circuit, the phase shift around the loop is ...............

a) 90 by 18¢°

¢) 360° dy 270

An RC phase shift oscillator has............... RC sections
a) 2 b} 3

c) 4 dy 5

The minimum gain of the amplifier in RC phase shift oscillator is..............
a) 10 by 50

¢) 100 dy 29

Generally negative feedback is used in ..............

a) amplifiers b) oscillators

¢) multivibrators d) all ol these
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9. 'T'he frequency of an oscillator is determined by..............

a) gain of thc amplificr

b) the specifications of the Op-amp
¢) the components in the tank circuit
d) the value of [eedback laclor

10.  In Wien bridge oscillator, the phase shilt introduced by the [eedback network is..............
ay 0° by 90°
c) 18¢° dy 12¢°
11.  Thesignal generator generally used in the laboratories is..............
a) Wienbridge oscillator b) Hariley oscillator
¢) Cryslal Oscillator d) Phase shili oscillator
12.  Inanoscillator, the gain ol the amplilier is 50. The attenuation ol the [eedback circuit
must be..............
a) 1 by 0.01
¢) 10 d) 0.02
Answers
1. ¢ 2.b 3.b 4. b S5.¢ 6. b 7.d
8. a 9.¢ 10. a 11.a 12.d

Descriptive type questions
I.  What do you understand by damped and undamped oscillations?
What are the two requirements for oscillation?
Why is amplifier circuit necessary in oscillators?
What are the drawbacks of LC oscillators?

Why do you use three RC sections in RC phase shilt oscillators?

o WA W

Wrile short notes on the lollowing.
a) RC oscillator b) phase shill oscillator ¢) Wien bridge oscillator

7. Foraphase shiltoscillator, C=0.TpF, R =3.9kQ. Determine the [requency of
oscillation,

8. A Wienbridge oscillator uses R=3.9k, C=0.01pF. What s the oscillating irequency?

e

Design an astable multivibrator circuit to blink an LLED with a time period ol one
second.
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FULL ADDER

DIGITAL
ELECTRONICS

INTRODUCTTON

As vou know analog signals are also called
continuous signals or continuously varying signals.
These signals have infinite number ol values.
Alternating current or voltage wave forms which
are of sinusoidal shape are examples of analog
signals.

A
v

ot

W

Fig 10.1 Analog Sienal

But digital signals have only two states-the ‘ON'
statc and the 'OFF state. Each of the two statcs
arc designated as logicT and logic 0 states. These
can also be characterized as true or false. The signal
can be represented as a square wave lorm as
[ollows.

v

Kig 10.2 Digital Signal
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In digital signals, a logic 1 can be represented by a+5v and logic ‘0 can be represented by
a ‘0v’. In analog circuits or devices, the clectrical variable such as current or voltage is
continuous. That means an analog circuit processes continuously varying signals or analog
signals. Butin adigital circuit only discrete values ol variables are recognized. Adigital circuit
or device processes digital signal.

10.1 NUMBER SYSTEM

Do you know the name of the number system which vou use in your daily life”? This number
system which uses digits [rom 0 to 91e (.1,2,3.4.5,6,7.8 and 9 15 called decimal number
system. “Deci’ means 10°. This number systemn 1s termed as decimal system because the base
of this system is *10°. Similarly we have a wide variety of number systems. Each ofthese is
based on a specific basc or radix. The binary number system is based on the basc *2°, octal
number system is bascd on the base ‘8” and hexadceimal number system has the base 167,

Activity 1
Let us examine the formation of the number (429) =~ where 10
represents its base.

(=:L29)10 =4x107+ 2x100 + 9 x 1
i.e 429=400+20+9

Here ‘4 is in the hundredth position '2’ is in the tenth position and
the digit ‘9’ is in its unit’s position. Stmilarly we can represent
numbers in any other number system using its base,

10.2 BINARYNUMBLER SYSTEM

Binary number system is the soul of digital electronics. The base of this number systemis *2”.
A number in this system is represented by ‘0’sand ‘17s.

Consider a binary number 10110 similar to the previous activity showing the meaning of
decimal number. Starting [rom the least signilicant bit “0’ towards lell in the above binary
number 10110,0” is In the unit’s (29 position, “1°1s in the 224 (2!) position, the next 1°is in
the 4™ (2%} position, next ‘0° is in th 8% (2%) position and the next 1 isinthe 16™ (2" position.
Digital signals arc represented by binary number system.

In the system “0” is cquivalent to *0” in the decimal system and 1is cquivalentto “17 in the
decimal system. The next numberis *1 07 in the binary number system which is equivalent to
‘2" in the decimal system. Similarly the following number is * 117 which 1s equivalent to *37in
the decimal systemn.

Conversion of a Binary number to a Decimal number

Try to analyse the following table.
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Binary Equivalent
decimal

0 )

1

10 2

11 3
100 4

Tuble 0.1

The representation ol'a binary number and its meaning have been illustrated above. Keeping
these in mind the binary number (10110}, can be converted into a decimal number as follows.

The representation of a binary number and its meaning have been illustrated in the previous
section. Keeping these in mind the binary number (10110), can be converted into decimal as
follows.

(10110), = 1[¥294+0¥21+1%22+1%2+0¥20
= 1*16+0*8+1%4+1%2+0%1
= (2),

(22),,

Where 22 is the decimal equivalent value of binary number 101 10.

So (10110),

Check your progress:

Convert the following nmumbers into decimal number system.
a) (1111,

b)  (10101),

Conversion from Decimal to Binary

'To converta number in the decimal system into binary firstwe have to divide the number by
27, Ifitis exactly divisible write “0” against the number on its right hand side. If not exactly
divisible put * 1" against the number. Again divide the result obtained by *2” and proceed until
theresultis “17. Then read up the number starting [rom the last resultant digit through all digits

on the right hand side. As an example, letus convert (61), , into binary.
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The arrow shown represents how to read up the binary number. 2 | 61 1 A

ie, 111101 > | 30 0

So (61}, (I1T1101), > | 15 1
Check your progress: > | 7 1
C.onve-rt the following numbers into ? | 3 1
binary number system.
W (3D, 2 |1 1
b (346) 0

1

Decimal and Binary Fractions

To understand the meaning ol representation of decimal [ractions let us consider such a number
say (36.2012)

10
The Expansion for this number is

(36),, = 3 x 10+ 6x10°, and

(0.2012),, = 2x 104 Ox102+1x10°+2 x10+
So the Positional values ol the above number can be shown as below

36 2 0 1 2
R 2 2 2
(0" 10° 107 102 10° 107

Similarly the positional values of a binary fractionsay 10 1.1 10 [ can be shown as

0 1 1 1 0 1
\ 2R 2 N R R A

22 2t v b2 2 24
Conversion of Binary Fraction to Decimal
Let us Consider the binary fraction (1 0 1.1 10 1),. This may be written as follows
(Ix22+ 0 x2'+ 1x2%) +{ [x27+ 1x224 Ox23+ 1x271)
So the decimal equivalent ofthis binary becomes

5+ (12 + 174+ 1/16) = (5.08125)

Conversion from Decimal Fraction to Binary

10

We have studied in the earlier sections that to convert decimal whole nunber to binary whole
number.a division by ‘2" has to be performed. To convert decimal fractions to binary fractions

wﬁmloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

we have to multiply by ‘2°. Tfthe product of each number is greater than “1° puta® 1’ below
that number otherwisc put a’0.” To understand this, let us consider the following.

Conversion of decimal fraction (0.8125),  into binary:
Number 0.8125 0.625 0.25 0.3
Basc 2 2 2 2
1.6250 1.250 0.50 1.0
Remainder 1 1 0 1

Therefore (0.8125) , =(0.1101)..
10,3 OCTALNUMBERSYSTEM

The octal number system uses digits 0,1,2,3,4.5,6 &7 ie, eight digits. So the base of this
number systemis 8.

(127),which is in oclal number systemn can be represented as

(127), =1 x8+2x 8 +7x §

1 27
N
{2 g g

Conversion from QOctal to Decimal

Keeping the above representation in mind, let us [ind the decimal equivalent ol the octal
number(127),-

(127), = 1%82+2%8'+ 78"
64+16+7
= @87,

So the decimal equivalent o[ (127), s (87)
Conversion from Decimal to Octal

We have already studied how to convert decimal number into binary. Similarly we can convert
adecimal number to an octal number by dividing the given number by “8’ repeatedly. until the
result is less than *8°.

Let us convert (87)  to the octal number system. 8 | 87 7

So (87),,= (127), 8 [ 10 2
1
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Check your progress:

Convert the following decimal numbers
into octal numbers

a) 256
b 728

Octal to Binary Conversion

To convert an octal number into binary we should first proceed to convert the octal number to
decimal. Then the decimal number obtained is to be converted to binary. Consider the octal
number (127),. Let us try 1o convert this number into a binary number.

For this, [irst, we have 1o convert (127), to decimal
ie, (127), = Ix8+ 2x8'+ 7x8’

= 1x64+2x8 + 7x1

= (87),

Now (87),, may be converted to binary. 2 |L 1
(87),, =(1010111), 2 |i 1
2 |21 1
2 10 o
2| 5 1
2 | 2 0

1

Therefore (127), = (1010111),
So the binary equivalent to the octal number 127 is 10101 11
10.4 HEXA DECIMAL NUMBERSYSTEM

The number system with base 16 is called hexa decimal number system. The 16 characters
including numbers and alphabets used in this systemare 0, 1. 2,3,4,5.6,7,8,9.A.B,C. D,
EandF

The [ollowing table illustrates the above [act
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. Hexa
Decimal decimal

0 0

1 1

2 2

3 3

4 4

5 3

6 6

7 7

8 8

9 9
10 A
11 B
12 C
13 D
14 L
15 F

Table 10.2

According to this system the next hexadecimal number is 10 which is cquivalent to 16 inthe
decimal systen.

ie, (10),, (16),,
Similally ~ (11),, = (17),
(12),, = (18),and soon.

Similar to the methods adopted in the carlicr sessions we can convert a decimal number to
hexa decimal number and vice versa. Let us convert the decimal number (269), | to a hexa

decimal number.
16 | 269 13

16| 16 0

13 isequivalent to D) in hexa decimal
Therefore (269),,=(10D) ,

Let us now convert the hexadecimal number ['9 into decimal. We know that I is equivalent to
15 in the decimal system, so
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(F9), = 15x16'+9x 16°
= 240+9
= (249,
Theretore the decimal equivalent of the hexadecimal F9 is 249

Check your progress:

a) Convert the following decimal numbers fo hexadecimal

numbers
i) 148 ii) 84
b} Conwvert the following hexa decimal numbers to decimal
numbers
i)(19),, ii) 20),,

10.5 BINARY ADDITTION

Binary addition [ollows the same basic rules ol addition. In binary system there are only two
digits and the largest digitis “17, so any “SUM” greater than | will resultina “CARRY™. This
carry “17" is passed over to the next column for addition and so on. Consider the single bit
addition below,

0 ( 1 1
+ 0 +1 +0 + 1
0 1 1 10

The single bits are added together and “0+ 07,0+ 17, or 1 + 0” results in a sum of **0” or
“1”.Whenyoudo 1 +17, the sum is cqual to 27 in decimal system. Inbinary itis1 0. Ilere
the bit 07 is the sum bitand bit *17 is the carry bit. The addition of two bit numbers is given
below.

00 00 01 01
+00 +01 +00 +01
00 01 01 10

I.ctus now practicc addition of binary numbers.

a) 100+101 by 1001+ 0111 c) 1101 +1010

a) 100 + b) 1001 + c} 1101 +
101 0111 1010
1001 10000 10111

%%mloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Check your progress:
Add the given binary numbers
a) 1001 +1010 D) 10010+ 01110 ) 110101 +101011

10.6 LOGIC GATES

A logic gate is the primary building block of a digital circuit. Tt is a circuit with one or more
inputs and onc output. At any given moment, logic gatc takes onc of the two binary conditions
0 (low)or 1 (high) depending upon its function and input values. Low and High states are
represented by different voltage levels. ['or example +5V may represent a logic 1 and 0V
may represent a logic 0.

There are three primary logic gates namely, AND, OR and NOT. Also we have other logic
gates like NAND, NOR. XOR and XNOR. Out ol these NAND and NOR gales are called
the universal gates. because either ot these gates alone could be used to realize the primary
logic gates. The circuit symbol and the truth tablc of these logic gates are explained below.,

AND GATE

The AND gate i1s so named because the gate acts in the same way as the logical “AND™
opcrator. T'he output will be 1 if both inputs arc 1; otherwise the output is 0. In other words,
ifQhiscalled ‘1.LOW™ and 1iscalled ‘11IGI[*, the output is *1 HIIGII” only when both inputs arc
‘HIGH’, otherwise. the output is ‘LOW”,

Activity 2

In the circuit shown in figure 10.3 can be used to explain the
function of an AND gate. Here a bulb is connected to supply through
two switches connected in series. Let us try to explain the
operatio.

A
_'/'—/l—

-1 Lamp - ON =“17
T- Lamp —OFF = “0”

*

Switch A — Open = “0” | Closed = “17”
Switch B - Open = “0” , Closed = “1”

Fig {0.3 Switeh representution of AND gate
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I'ere the two switches, A and B are connected together to form a serics cireuit. These switches
arc considered as the inputs to the AND gatc and bulb as output. Thercfore, in the circuit
above, both the switches A and switch B must be closed (Logic “17) in order to put the lamp
ON (Logic “1™). Il any or both o[ the switches are open (Logic “0™), the bulb will be OFF
(Logic “0™). Thus the working ol this circuil clearly reveals the [unction ol an AND gate.

Here A and B are used to represent the iwo input - A
boolean variables and the output is represented Y=AB
by the variable Y. [n boolcan algebra, a variable

can take any of the values *0” or *17. The logical E
symbol of the AND gate is shown in fig. 10.4. Kig 10.4 Symbol of AND gate

The action of AND gate is represented by writing
the boolean expression as follows.

Y=A AND B
In boolean algebra the multiplication sign stands for the AND operation. Therefore, the output
of thc ANI) gate is also represented as
Y=A.B
Or simplyas Y=AB

Here we have considered a two input AND gate. Therefore there are four possible input
combinations: 00, 01, 10 and 11. For example if the inputs are ¢ & 1. then the output will be

Y=A.B
Y =01
Y =20

The input and the output information of any logic gate or circuit can be plotted into a table to
give avisual representation of the switching function of the circuit and this is commonly called
a Truth Table. The truth table ol a logic gate shows each possible input combination o the
gate with the resultant output depending upon the combination ofthese inputs.

The truth table for AND gate is shown below

Input QOutput
A B Y
0 0 0
0 1 0
1 0 0
1 1 1

Table 10.3 Truth table for AND gate
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Figure 10.5 shows the circuit implementation of AND gate using diodes and resistor. Can you
cxplain, how this circuit acts as an AND gatc?

+Vcce

D1 |
A
B —4—

D2

Fig 10.5 AND gate using diodes and resisior

'The working of the above circuit can be explained as follows. [ ere logic 0 is represented by
avoltage near to OV and logic 1 is represented by the voltage nearto +Vee.

Casc1:  A=0, B=(: In this casc both the diodcs D1 and D2 arc forward biased by the
supply Vec. Hence at the output Y, there will be a voltage of 0.7V ( which is the
voltage drop of the forward biased diode). Since 0.7V is near to 0V, the output
is treated as logic 0.

Case2: A=(, B=1:Here lhe diode D1 is [orward biased and D2 is reverse biased. As
one of the diodes is forward biased, the voltage at Y is 0.7V. Again the output is
treated as logic 0.

Case 3:  A=1, B=0: Here the diode D1 15 reverse biased and D2 1s forward biased. As
onc of the diodes is forward biascd, the voltage at Yis 0.7V, Again the output is
trcated as logic 0.

Casc4: A=1, B=1: llcre both the diodes D1 and D2 arc not in conducting state as

voltages are equal at either sides of these diodes. Since both the diodes are not
conducting, the voltage at point Y is +Vee. Now the output Y is at logic 1.

OR GATE

The OR gate is so named because the gate acts in the same way as the logical “OR™ operator.
The output is 1 il one or both of the inpults are 1; otherwise the output is 0.

As in the case ol AND gate, the [unction ol an OR gate can be explained by using the circuit
shown in [ig. 10.6 . Here a bulb is connected to supply through two switches connected in
parallel. Let us try to explain the operation.
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— Lamp — ON = “1”
Lamo - OFF = %0

Switch A — Open = “07, Closed = “17
Switch B — Open = “0%, Closed = “1%
Fig 10.6 Switch representation of OR gate

[ lere the two switches A and B arc connected

in parallel. Fither switch A, switchBorboth
can be closed (logic 1) in order to put the lamp Y=A+B
ON. The lamp will be OFF only il both the B

switches are open (logic *07). These switches
are considered as the inputs to the OR gate
and bulb as output.

Fig 10.7 Svmbol of OR gate

The logic symbol of the OR gate is shown in fig. 10.7.
The output of the OR gate can be expressed as
Y=AORB
The symbol used for OR operation is *+°. Therefore
Y=A+B

For example ifthe inputs are 1 & 0, then the output is

Y=1+0
Y=1
The truth table for OR gate is given in Table 10.3
( Input Output ]
A B Y
0 0 0
0 1 1
1 0 1
] 1 1

Tuble 10.4 Truth table for OR gaie
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Similar to AND gate, the function of an OR gate canalso be implemented by using the tfollowing
circuit. It consists of two diodcs and onc resistor. L.ct us try to explain its working.

L

Fig 10.8 OR gate using diodes and resistor

A —PA— Y=A-+B
B —{>—

D1
2

The working ol the circuil shown in [ig. 10.8 can be brielly explained as lollows

Case 1:  A=0,B=0:Now both diodes are unbiased and hence no current flows through
the resistor R. So the output vollage 1s zero and Y 1s at logic 0.

Case2: A=0, B=1: Here the diode D1 is unbiased and D2 is [orward biased. Now
current flows through R, since D2 is conducting and a high voltage appears at
the output. So the output is at logic 1.

Case 3:  A=1, B=0: Inthis case D1 is forward biased and D2 is unbiased. The current
flows through R as D1 is conducting and a high voltage appcars at output. So
the output is at logic 1.

Case4: A=l, B=1: Here both the diodes are forward biased and both of them conduct
and the current flows through R resulting in a high voltage at the output. So the
oulput is at logie 1.

A 2-input logic OR gate can be constructed using resistor- Wee

transistor switchecs connected together as shown in figure &

10.9 below, with the inputs conneceted dircetly to the a R

transistor bases. Lither transistor must be saturated or “ON™ Flai

for ahigh output at Y. Can you explain the working ol this i

cireuit? B AN .y

I[any ol the inputs (A or B) get ahigh (logic 1) voltage, the - i crpr

transistor becomes ON and current flows from supply § o

voltage (V) to ground through the resistor R2. This will

producc a voltage drop across R2 and is availablc at the i

output Y. If both the inputs are low (logic 0), both the o o
ransistors will be i OFF state and no current [lows througlh Fig ”f' ? OR gate g

R2. Therelore no voltage will be available at the output Y. fransisior and resisior
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NOT GATE

The NOT gate is also called as logical inverter. It has only one input. Tt reverses the logical
statc. [n other words the output Y is always the complement of the input. ic. If the inputis 0,
output will be 1 and ifthe inputis 1, the output will be ). The logical symbol of the NO'I gate
1s shown in fig.10.10.

Fig 10.10 Symbol of NOT gare
The NO'T operation is cxpressed as
Y=NOTA
In boolcan algebra the NO'T operation is represented by an over bar. Thercfore
Y=A
I(A=0, Y= g=1
IfA=1. Y=71=0
[t can also be represented as Y=A".

The truth table for NOT gate is given below.

Input Output ]
A Y
0 1
1 0 +Vee

Table 1003 Truth table for NOT gate

Transistor

Inverter

Activity 3

Avery simple NO'T gate can be made using just a singlc transistor A
switching circuit as shown in fig.10.11. Can you explain how this ouT
circuil acts as an inverter (NOT gale)?

When the transistor’s base input “A” is HIGH, the transistor goes | =
N . Ty s ) . Kig 10.11 NOT gate using

Lo saturation and the collector vollage is nearly zero. Therelore reictor

the output “Y™" 1s LOW.

Similarly, when the transistor’s base input “A” 1s LOW (0V), the transistor goes to cut off and
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no collector current lows through the resistor. This results in an output vollage at “Y™ at a
value near to +Vee (HIGH).

Thus, with an input voltage “A’ HIGH, the output “Y™ will be LOW and an input voltage “A™
LLOW the resulting output voltage Y™ will be [ TIGI T producing the complement or inversion
ofthc inputsignal.

NOR GATE
‘The NOR gate circuit is an OR gate followed by an inverter as shown in fig. 10,12 Its output
is “HIGH” only if both of the inputs are *LOW’. otherwise the outputis "LOW’.

A -

B

Fig 10.12 NOR gaie using OR and NOT
The logic symbol for the NOR gate is givenin 10.13.

A
Y= (A+B)
B
Fig 10.13 Symbol of NOR gate

Note: From thc above figure, it is clcar that the bubble in the symbol for NOR gate represents
NOT gate. Thus in the digital logic circuits, this bubble represents NOT (inversion) operation.

The output of the NOR gate can be expressed as
Y=(A+B)
For example, if both ofthe inputs are 1 the output will be
Y=(1+1)=1=0

The truth table for the NOR gate is given below.

[ Input Output
A B A+B [Y=(A+B)
0 0 0 1
0 1 1 0
1 0 1 0
1 1 1 0

Tuble 10.6 Truth table for NOR guie
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NAND GATE

The NAND gate circuil is [ormed by an AND gate [ollowed by a NOTgate as shown in
fig. 10.14. Tt acts in the manner of the logical operation * AND” followed by inversion. The
output is ‘LOW?” only if both of the inputs are ‘HIGH’, otherwise, the output is ‘LOW’. In
other words the output of the NAND gate is O ifand only if both of the inputs arc 1, otherwisc
the outputis 1,
A -
— (A.B) Y=(A.B)

B

Fig 10 T4NAND gate using AND and NOT

The logic symbol for NAND gale is shown in [ig.10.15.

Y= (AB)

A

B

Fig 10,15 Svmhol of NAND gute
The output for the NAND gate is expressed as
Y=ADB
For example. i both ol the inputs are ‘0", the output will be 1.
Y=(go)=0 =1
The truth table lor the NAND gate is given in table 10.6.

f Input Output
A B AB Y=AB

0 0 0 1

0 1 1 1

1 0 1 1

| 1 1 1 0

Tuble 10.7 Truth table for NAND gate
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EXCLUSIVE OR (XOR) GATE

The XOR(EX-OR) gate will give alogic 1
at the output it both of the inputs are difterent
and a logic 0 if the inputs are same. The
output is *[ HGI " if ¢ither, but not both, of
the inputs are *‘HIGH’. The outputis ‘LOW"
if both of the inputs are *“LOW’ or if both
ol'the inputs are ‘HIGH". The logic symbol
for XOR gate is shown in fig. 10.17.

NAND gate using resistors and
transistors

A simple 2-input logic NAND gate can be
constructed using Resistor-transistor
switches connected together as shown in
fig. 10.16 with the inputs connected to the
transistor bases. Any one transistor must
be cut-off for an output at Y. Try to find out

the working of this circuit.
ADB

+ee
B
Fi . R2
fg 1017 Svmbol of XOR gale
I'hc output of the XOR gateis A R Y-(AB)
Y=ABrAB )
[n boolean algcbra the XOR opcration is 4 g:?tii;:;r
represented by @ B A A E i) -
Y=A®B
‘The truth table of the XOR gatc is shown

below: Fig 10.16 NAND Gate using transistors and

resistors

Input Output If any or both of the input is low {logic 0),

A B Y the corresponding transistor(s) will be OFF

and the supply voltage will reach at the

0 U 0 output Y (logic 1). If both the inputs are

0 1 1 high {logicl), transistors will be in ON

1 0 1 state and the current flows to ground

1 1 0 through the resistor and transistors.

| Therefore the voltage at output Y will be

Table 10.8 Truth table for YOR gate low (logic 0).

XNOR GATE

The XNOR (exclusive-NOR) gate is formed by placing a NOT gate at the output of XOR
gate as shown in fig. 10.18. Its output is *“HIGH" if the inputs are the same and ‘LOW” if the
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inputs arc different, In simple words, the output is 1 ifthe input arc the same, otherwise the
output is 0.

A A®B Y=A ® B
B

Fig 10,18 XNOR gate using XOR and NOT
The logic symbol of XNOR gate is given below.

Y=A0OE

Fig 10.19 Symbol of XNOR gate

The output ofthe XNOR gate is
Y=A®B

The XNOR operation is represented by

Y=A®B
The truth table ol the XNOR gate is shown below

( Input Output ]
A B Y
0 0 1
0 | 0
| 0 0

- | 1

{able 10.9 Truth table for XNOR gate
10.7  UNIVERSAL GATES —NAND AND NOR

We have already seen that all the boolean [unctions can be expressed in terms ol the [undamental
gates namely AND, OR and NOT. In fact, these fundamental gates can be expressed in terms

Igﬂ%mloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

of cither NAND gates or NOR gates only. That is only NAND or NOR gates can be used to
perform all the Boolcan and other logic gate functions. Therefore these gates are known as
universal gates. Some of the gate functions implemented only using NOR gates are shown

in [ig.10.20.

(a) NOT using NOR

A
Y=A+iB
B

(P) OR using NOR

D

{C)AND using NOR

‘”‘ nlDs
) -

Y=ACB

>

{d) EXNOR using NOR

Fig 1020 Fundamental gates using NOR ondy

Like the NOR gate seen now. the NAND gate 1s also a “Universal™ type gate. NAND gates
can be used to produce any other type of logic gate function just like the NOR gate. Some of
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the gatc functions implemented using only NAND gates are shown in figure 10,21,

(a) NOT using NAND

o

(b)Y AND using NAND

>7

(c} OR using NAND

-
B e

(d) EXOR using NAND

Fig 10. 21 Fundumenial gates using NAND onfy
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Activity 4
Now you try to design a logic circuit to implement the function of
EXOR gate using NOR onliyy and that of EXNOR using NAND
only.

10.8 BOOLEANALGEBRA

Digital circuits perform the binary arithmetic operations with binary digits 1 and 0. These
operations are called logic functions or logical operations. The algebra used to describe logic
functions symbolically is called Boolean algebra. Boolean algebra is a set of rules and theorems
by which logical operations can be expressed symbolically in equation lorm which can be
manipulated mathematically.

The theorems of boolean algebra are known as the Laws of Boolean. We can use these
“Laws ot Boolean™ to reduce the number of logic gates and analyze digital circuits. As with the
ordinary algcbras, the alphabet (¢.g. A,B,C cte) can be used to represent the variables. Boolean
algebra differs from the ordinary algebra in that boolean constant and variables can have only
two values; O and 1.

Certain basic Laws of boolean algebra such as commutative law, associative law and distributive
law are similar to those in ordinary algebra.

10.9 DESCRIPTION OF THE LAWS AND THEQOREMS
1)  Lawsof Complementation
The term complement simply means to change 1stoOsand O sto 1s.
Theorem 1 - IfA=0,thcn A =1
Theorem 2 - TfA=1.then A =0
Theorem 3 ; The complement to complement of A is A itself.
A=A
2)  Basic properties of AND operator
Theorem4: A1=A
If A equals 0 and the other input is 1. the output is 0.

[f A equals 1 and the other input is 1. the output is 1.
Thus the output is always equal to the input A.
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Theorem 5 : A0=0

Asone inpul is always 0, irrespective ol A. the oulpul is always 0.
Theorem 6 : AdA=A

The outputis always equal to the input A.

Theorem 7: A.A=0
Regardless o the value o[ A, the output s 0.
3) Basic properties of OR operator
Theorem8: At1=1
If A equals 0 and the other input is 1, the outputis 1.
If Aequals 1 and the other input is 1, the outputis 1.
Thus the output is always equal to 1 regardless of what value A takes on.
Theorem9: A+(0=A
The output assumes the value of A.
Theorem 10 1A+ A=A

The output is always equal to the input A.

Theorem [1: A+ A =1
Regardless of'the value of A, the output is 1.
4)  Commutative Law

Theorem 12:

A mathematical operation 1s commutative if it can be applied to its operands in any order
without affecting the result. Addition and multiplication operations are commutative.

Example: A+B=B+A
AB=BA
Subtraction is not commutative:
A-B# B-A

There is no subtraction operation in boolean algebra.
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5)  Associative Law
Theorem 13

A mathematical operation is associative if its operands can be grouped in any order without
affecting the result. In other words, the order in which one docs the OR operation docs not
affect the result.

(A+B)+C=A+(B+O)=(A+ )+ B
Similarly, the order in which onc docs the ANID operation does not affect the result.
(AB)C=A(BC)=(AC)B
6) Distributive Law
Theorem 14
‘The distributive property allows us to distribute an AN across several OR functions,
Example: A(B+C)=AB+AC

The following distributive law is worth mentioning because it differs from what we would find
inordinary algcbra.

A+(B.C)=(A+B).(A+C)
10.10 DE-MORGAN’S THEOREM

A mathematician named De Morgan developed a pair ol important rules regarding group
complementation in boolean algebra.

Theorem-1

The theorem states that the complement ol a product is equal to the sum of the complements.
That 1s, if the variables are A and B, then

AB=A+B
Proot: ‘
A B A B AB | A+B
0 0 1 1 1 1
0 1 1 0 1 1
1 0 ) 1 1 1
y 1 0 0 Q o )

Table 1010
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A study of the above table makes clear that the last two columns are equal . Therefore De-
Morgans 1* thcorem is proved.

Theorem -2

‘The theorem states that, the complement of a sum is cqual to the product of complements. It
can be written as

A+B=A.B
Activity 5
Complete the columns as per De-Morgan’s theorem
[ A B A B A.B | A+B
0 0 1 1
0 1 0 U
1 0 0 0
| 1 1 0 0
Tuble 10.11
‘These theorems arc illustrated uqing logic gatesin fig 10.22.
A+B

A —D_Doﬁ
B —
A NAND gate is equivalent to an inversion followed by an OR

DD':’- 1 -

A NOR gate 15 equivalent to an inversion followed by an AND

%

Fig 1022 Gate equivalency of De-Morgun theorem

DeMorgan’s Theorems

Break! break!
AB A+ B
A+B B

Fig 10.23 Hustration of De-Morgan's theorems
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TABLES FOR THE LAWS OF BOOLEAN

Boolean e Equiv_aiéﬁ.{
5 Description i
Expression Switching Cireuit
R A in parallel with closed L
= "CLOSED" _@
A+0=A A in parallel with open="A" __4?_; ;
""" A in series with closed
Al=A e T B
= IPAPI
A O A in series with open A
= "OPEN" Bat
; . A |
A+A=A A in parallel with A ="A"
A
_ ; . : Dy A A
ALA=A A in series with A ="A R R il
2 NOT NOT A
A=A
(double negative) = "A"
2 A in parallel with not A im |
A+A=1 2
="CLOSED" A
AZ=0 CAin series with nol A A E
i T ...../.
= "OPEN" oo
A in parallel with B =
A+B = B1A
B in parallel with A H
A in series with B = A 21
AB=BA _ o lelie” SR
B in scries with A
A+B ="A.B | invertand replacc OR with AND | De-Morgan’s theorem |
"AB =A+ B! invert and replace AND with OR De-Morgan’s theorem
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Solved problem 10.1

Obtain the logic equation and truth table for the circuit in figure 10.24

A

Fig 10.24 fa) Logic Circuit

A A

The circuit consists of only 2 inputs. So there can only be four
possiblc combinations of the input. The truth table of the logic
circuit is given below:

It is seen that the columns "Y' and 'A’ are same or (A+B). A=A,
So the above logic circuit can be simplified as a circuit without
any gate.

Solved problem 10.2

by D
B _
X=A+B

Fig 10.24¢b) Logic Circuit With Qutput kxpression Marked

L B

Y=(A+B).A

( Inputs Outputw
Al Bl XY
0 0 0 0
0 1 1 0
1 0 1 1
1 1 1 1

Table 10,13

Draw the logic circuit corresponding to the equation Y=AB + BC +
B C using basic logic gates, Simplify the equation and again
implement the logic circuit corresponding to the simplified expression.

e How many logic gates are required to implement the circuit for

the given equation?

e How many logic gates are required to implement the circuit for

the simplified equation?
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The logic gate circuit for the above equation is shown in fig. 10.25(a)

Ao
B &—

B o—
C &

B o | >D B
C o—

Using boolean law we can simplify it.

AB+BC+B'C

o U

j>—QY-AB*BC*B'C

9

Fig 10.25(a} Logic Circuit

AB+C(B+B")
AB+C.1
AB+C

We can implement the simplified equation

Ag
B &—

Y =AB +C
ce

Fig 10.25¢b) Simplified Circuit

['rom the above example we can see that by using boolean algebra the size of the circuit is
reduced.

In the direct implementation. we have used three AND gates, one NOT and one OR gale,
but in the second case we use only one AND and one OR gate since the logic expression is
simplified.

Solved problem 10.3
Using the boolean law simplify the following expression: (A+B)(A+C)
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Y= (A+BYA+C)

AA+AC +AB +BC - Distributive law
A+AC+AB +BC - Identity AND law (A.A= A)
A(l+C)+AB + BC - Distributive law

Al +AB+ BC - Identity OR law (1 + C= 1)
A(l + B) + BC - Distributive law

A.l + BC - Identity OR law (1 + B=1)
Y=A+DBC - ldentity AND law (A.l = A)

‘Then the cxpression: (A + B) (A + C)can be simplificd to A+ BC
Solved problem 10.4
Simplify the following Boolean Expression: A'BC' +A'BC
Letx=A'Bandy=C"
The above Boolean expression becomes Xy +xy’
= x{yty")
= x=AB
Solved problem 10.5
Prove thatA+A’B=A+B
According to Distributive Law
ATAB=(A+A)Y(A+B)=1-(A+B)=A+B
Solved problem 10.6
Simplify the given expression : A+ A’ +AB
ATADB+AB = A(1+BH)+AB
= A1+ADB
= ATA'B
= AtB
Solved problem 10.7

Simplify the following boolean expression :A’B’C"+ABC+A'BC+ABR C
=ACB+B+ABC+ADR C
=AC+ABC+AR (7
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= ANC+BO+ABRC
AC+BC+COy+AB
AC+B)+ABC

= ANC+AB +AB(C
Solved problem 10.8
Simplify the given expression : ABC+AB'C +ABC?
AC(B+BY+ABC’
AC .1 +ABC
AC+ABC’
A(C+BC)
A(C+B)

Solved problem 10.9

Construct a’lruth Table for the logical functions at points C, [Yand Y in the circuit shown in
figure 10.26 (a) and identity a single logic gate that can be used to replace the whole circuit.

NAND
A C
B Ex-NOR
) >
D
7 D
Ex-OR
Fig 10.26(a) Logic Circuit
A
Y=A+B
B

Fig 10.26(h) Simplified Logic Circuit

First obscrvations tell us that the circuit consists of a 2-input NAND gate, a 2-input EX-OR
gatc and finally a 2-input EX-NOR gatc at the output. As there arc only 2 inputs to the circuit
labelled A and B, there can only be 4 possible combinations of the inputs ( 22 ) and these are:
{0, 0).(0,1).(1,0) and linally (1,1). Plotting the logical [unctions [rom each gate in a tabular
[orm will give us the [ollowing truth table [or the whole ol the logic circuit.
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4

Inputs Output at
Al B C D| Y
0 0 1 0 0
0 1 1 1 1
1 0 1 1 1
1 1 0 0 1

Table 10.14

[From the truth table above, column C represents the output function generated by the NAND
gate, while column D represents the output [unction [rom the Ex-OR gate. Both ol these two
output expressions then become the input condition for the Ex-NOR gate at the output.

[t can be seen from the truth table that an output at Y is | when any of'the two inputs A or B
isat logic 1. The only truth table that satisties this condition is that of an OR Gate. Therefore,
the whole of the above circuit can be replaced by onc 2-input OR Gate.

Solved problem 10.10

Find the Boolean algebra expression for the circuit in figure 10.27 (a).

A

Fig 10.27(a) Logic Cireuil

The system consists of an AND Gate, a NOR Gate and finally an OR Gate. The expression
for the AND gate i1s A B. and the expression for the NOR gate 1s A+B. Both these expressions
arc the inputs to the OR gate. Thus the final output expression is given as:

Y- (AB) + (A+B)

Fig 10.27(b} Redrawn With Output kxpression
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Inputs Intermediates | Output |
B A AB A+B | Y
0 ) 0 1 1
0 1 0 ) 0
1 ) 0 ) 0
§ 1 1 1 0 1 ] Tuble 10.15

This expression Y =(A B)+(A + B) can be simplified as follows.

According to Dc Morgan A + B=A .

wr]

Therefore the above expression becomes Y=AB+A .B.
‘This expression is the output of XNOR gate. Therefore the above circuit can be replaced by
asingle ExNOR gate.

A

¥Y=AWOB
B

Fig 10.27 ¢c) Simplified Circuit

Activity 5

Find the boolcan algcbra expression for the following system.

o
L

o=

Fig 10.28¢a) Logic Circnit

This eircuil seemns to be more complicated than the earlier one o analyze.But it consists of
only AND, OR and NOT gates connected together. As with the previous boolean example,
we can write the boolean notation for each logic function in turn to give us a final expression
for the output Y.
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lplwnl
I
o
e

Y=
(ABC)+A(B+C)

B+C

Fig 10.28¢h} Logic Circuit with output expression
( Inputs Intermediates Output ‘
C B A | ABC B C | B+C [ A(B+O) Y
0 0 0 0 l 1 1 0 0
0 0 1 0 l 1 1 1 1
0 1 0 0 0 1 1 0 0
0 1 1 0 0 1 1 1 1
1 0 0 0 l 0 1 0 0
1 0 1 0 l 0 1 1 1
1 1 0 0 0 0 0 0 0
1 1 1 1 0 { { 0 1

Table 10.16
If we analyse this circuit the following facts can be noted.

1. Onlyifall ofthe inputs A, B, and C are high the product A.B.C will be high. Atthe
same time A, (E + C_) is zcro and the output will be Aigh.

2. It Ais high and cither B or C is low then A.B.C will become low but
A.(B+Cybecomes high and so the output becomes high.

3. TrAisfewand both ol the inpuls B and C are high A.B.C will be low. At the same
time 4. (§+(T) is also low and so the output will be fow.

4. If Ais low and either of the inputs B or C is low A.B.C will become low and
A. (E + (_) will also be low. Therefore the output will be low.

In all these cases what ever is the input 'A’ will appear as the output Y. So the gates shown
need not get the required oulput and the entire circuil can be replaced by only one input
labelled 'A'. So the boolean expressionis Y =A.

ol
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10.11 DIGITALSYSTEMS

Augustus De-Morgan was an English
scientist bornin India, who wrote an article
entitled "Theory of Probabilities" in the
Encyclopaediametropolitana{1845). In this
article, De Morgan presented {again)
Laplace's TheorieAnalytique. De-Morgan

e was instrumental in the
advancement of logic,
reforming the restrictive
approach of Aristotle, and
is best remembered for
his De Morgan's Laws,
which are widely used in probability theory.

The digital systems consist ol two types-
Combinational logic circuits and Sequential
logic circuits

1.  Combinational logic circuits

The outputs of Combinational Logie
Circuits arc determined only by the logical
function and their current input state, logic
“0 or logic 17, atany given instant of time
as they have no [eedback, and any
changes applied to their input signals will
immediately have an effect on the output.
In otherwords, in a Combinational Logic
Circuit, the output is dependant at all times
only on the combination of its inputs .If
the stale ol input is changed. the output
will also be changed as the combinational circuits have “no memory™, “timing” or “feedback
loops™. These logic gates are the building blocks of combinational logic circuits. The
combinational logic circuits can be classificd as shown in figurc 10.29.

( Combinational Logic Circuit j

Y

Y

Y
-
Arithmetic & Data Code

Logical Functions Transmission Converters

"
Adders Multiplexers Binary
Subtractors Demultiplexers BCD
Compartors Encoders J-segment
PLD's Decoders

Fig 10.29 Classification Of Combinational Logic Cirenit

1. Scquential logic circuits

Sequential Logic Circuits depend on their present inputs as well as their previous output
slates giving themn some [orm of Memory.
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10.12 HALF ADDER

The circuits that perlorm addition within the Arithmetic and Logic Unit (ALU) ol the Central
Processing Unit {CPU) of'a computer and calculators are called adders. A unit that adds two
binary digits is called a half adder and the onc that adds together three binary digits iscalled a
full addcer. A halfaddcr sums two binary digits to give a sum and a carry.

The Figure.10.30 shows the logic symbol of a half-adder, the two inputs arc designated as A
and B and the two outputs are designated as sum (S) and carry (C). The half-adder performs
binary addition operation for the two binary inputs as shown in the table 10.17.

A — | L SUM(S)
HALF-ADDER

B —— L CARRY(()

Figl.30 Logic Svmbol of Half Adder

‘The boolcan realization of binary addition is shown in the truth table. Ilere A and B arc the
inputs to givea sum S and a carry C.

[ mpUT OUTPUT ‘
A B SUM  |CARRY
0 0 0 0
0 i i 0
i 0 i 0
i i 0 i

Table 10.17 Truth Table
'The boolcan functions corresponding to the sum and carry arc

S=A+B
C=A.B
'This can be realized using the logic circuit as shown in fig. 10.31.
Ao 1
B o S

D)o

Fig 10031 Logic Circuil of Half -Adder
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[nahalfadder, an AND gatc is added in parallcl to the XOR gatc to generate the carry and
sum respeetively. The “sum’ column of the truth table represents the output of the XOR gate
and the “carry’ column represents the output of the AND gate.

10.13 FULL ADDER

Ahalfadder logic circuit is a very important component of the computing systems. As this
circuit cannot accept a carry bit from a previous addition, it is not enough to fully perform
additions [or binary number greater than 1. A [ull adder sums three input bits. [t consists of
three inputs and two outputs. Two of the inputs represent the two significant bits to be added
and the third one represents the carry from the previous signiticant position. The Logic Symbol
of Full Adder is shown in figure 10.32.

A —— - Sum(S)
B —— | FULL
, ADDER
Carryin Cy, Carryout (C )

A 10.32 Logic Symbol of Full-Adder

Here Aand B are relerred 1o as the inputs. C, is the carry [rom the previous stage, C_ s the
carry output and S is the sum. The truth table of Full Adder is shown in table 10.11.

INPUT oulreuT
A B C. S o
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1 ]

Table 10,18 Truth table of a Full-Adder

The carry bit C_ is 1 ifboth A and Bare 1, orilone of 4 and Bis 1 and the input carry, C,
is 1. The sum blt Sl% 1 if there exist odd number of *1°s in the three inputs. S is the XOR of
the three inputs. [lenee, Logic cquations for the output of the full adder are;

S A®B®C,
(AB)+(C, (A ®B)

put
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Logic circuit ofthe full adder is shown in fig. 10.33.

@ h\

A
B ,l
Cin

y o

L]
o

out

Fig 10.33 Logic cireuit of Fufl -Adder

Parallel Binary Adder (Ripple-carry adder)

[n most of the digital systems, addition of binary numbcrs with morce than 1-bitis required.
[or example, computers and calculators use numbers with 8 to 64 bits. The addition of multi
bit numbers can be accomplished using several [ull-adders. The 4-bit adder using [ull-adder
circuils 1s capable ol adding two 4-bit numbers. An example ol a 4-bit adder 1s given below.

Ag - A= 15t 4-bit number

M5B Bg- Ba=2nd 4-bit number LSB
As Bs Az B A1 By Ao Bo
C A B A B A B A B 0
Full A Full | A Full o] CFull |07
| Cot Acder O %o pgder Co[*|Co% adger o[ Cot pcger Vo
S sUm . 8UM_ C8Um CSUM.
83 52 51 S0
Fig [0.34 Four Bit Full Adder
Consider the addition of the following two 4-bit binary numbers:
0111 + where A3=0,A2=1,Al=1andA0=1

001 1where B3=0,B2=0,B1=1and B0=1
1010 here 83=1.82=0,81= 1,80=1 and Cout=10
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'T'he opcration of the adder may be checked as follows. Sincc A and B, arcthe lcast significant
BI'ls, they cannot reccive a carry from a previous stage. So € of the [.SB adder is usually
grounded.

Step-1 In the problem above both A, and B are 1. Their sum is therefore O and a
carry is generated which is givenio the C,_olthe next [ull-adder [orbits A,
and B .

Step-2 Bils A, and B, are both 1 and the carry input is also 1. Therelore the sum
output line S, gets a | and the carry line to the next stage 1s also 1.

Step-3 Since A, 1sa 1, B, 1s a 0 and the carry input 1s 1, the sum output line S,
becomes (), and the carry to the next stage becomes 1.

Step-4 Both inputs A, and B, are equal to 0, and the carry input line to this adder
stage is cqual to 1. Therefore, the sum output line S, will representa 1 and the
carry output line will have a 0 output. The sum should therefore be S=L,
S,=0. $,=1 and S =0. '

Other than the commonly vsed decimal number system, there are other number systems
such as binary with base 2,0clal with base 8, hexadecimal system with base 16 etc.
Any number in one number system can be converted into the corresponding number in
any othcrnumber system. I lexadecimal number system consists of 16 characters including
numbers from 0 to 9 and alphabets from A to I Alogic gate gives output according to
some logic relationships with the inputs. Primary logic gates are AND, OR and NOT.
Other gates like NAND, NOR, XOR, XNOR etc. are derived gates. NAND and
NOR gatcs arc called universal gates. If A and B arce the inputs then the AND gate

output is A.B. OR gate output is A+B and if A is the input, the NOT gate output is A .
Atwo input XOR gate gives high output when either of the inputs is high. Algebra using
binary numbers as variables is called boolcan algebra. DeMorgan's theorem gives that
the complement of a product of two variables is equal to the sum of individual
complements and the complement of the sum ol two variables 1s equal 1o the product of
individual complements. Combinational logic circuits and sequential logic circuits are
the two types of digital systems. The outputs of combinational logic circuits arc determined
only by the logic function of their current input state. Sequential logic circuits on the
other hand depend on their present inputs as well as their previous output state. A unit
that adds two binary digits is called a half adder and a unit that adds three bits is called
a full adder. The addition of multi bit numbers can be accomplished using scveral full
adders. Combination of such several full adders is referred to as the parallel binary
adder or ripple carry adder.
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o

earning ovtcomes
The learner is able to;

»  [xplain the details of different types of numbering systems.

e  Convertanumber from onc number system to another.

e  Perform binary addition.

e  Draw the symbols and truth tables of logic gatcs.

o Identify the logic cquations of various pates.

e  Point out the universal property of NAND and NOR gate.

e  Hxplainthc basics of boolean algebra and its theorems.

¢ Apply De-Morgan's theorem to solve various logic equations.

¢  Point out the responses of different logic systems - Combinational and
Scquential logic circuits.

¢  Draw and explain the working of half adder, full adder and parallel binary
adder circuils.

Kﬁ@)ﬁ €valuation items

Multiple choice questions

1. Inboolcan algebra ;the plus sign (+) indicates ..........
a) AND operation b) OR operation ¢) NOT operation d) None of these

2 A+ B = v

aAaA+B byA+B oAB d) AB
3. A+AB=...

aaB b)A ¢ A+B d)none ol these
4. (1101102 = ( )10

a)24 b)38 ¢)54 d) 108
5. The base of a hexadecimal number is..........
a)2 b8 ¢)lsdyle
6.  The decimal equalent for 1111 in binary is..........
a) 15 b)7 ¢)8d)16
7. InBoolean algebra ,lhe plus sign (+) indicates ..........
b) AND operation b) OR operation ¢) NOT operation d) None of the above
8. Output is low when both of the inputs are high for..........
a) OR gate b) AND gate ¢) Ex OR gate d) None of these
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9. Select the odd man from the following,
ay AND b)NAND ¢)NOT d)OR
10, When both of the inputs are low output will be high (or..........
a} OR b)NAND ¢) Ex OR d) AND
1. (A+B) = ...
a) A+B b) A+B c¢)4AB dDHA.B
12. A+AB=....
a) B by A c¢)A+B d)none of these
13, Sumand Carry forahalladder circuil are obtained respectively using the gates..........
a} Ex OR and OR b) Ex OR and NOT ¢} OR and AND d) Ex OR and AND
14.  There are three inputs and two outputs for..........
a) NAND gate b) Haltadder c)Full adder d) Ex NOR
Answer Key
I.b 2.d 3.c 4c 5d 6.a 7.b 8.c 9.b 10b Il.d 12.c 13.d 14c¢

Descriptive type questions

A unit that adds two binary digits iscalled a

A full adder can be constructed from two and a pate.
Simplify Y=AB+(A'+B)C.

Simplify Y =(A"+ B Y(A+ B).

Simplify the expression AB+A.B +A'B’.

Draw the logic circuit for the equations.

i. Q = AB+AB ii. Y = AB+C

i. Q = AB+AC+BC v. 7 (A+B).C

v X =A+C0).(A+BH vio 7 = (A+B). (B+CLA+HC)
State De Morgan’s Theorem,

Determine the truth lable for the [ollowing boolean functions L =A"+ (B.C)+D".
Draw the logic symbol and logic circuit ol halladder.

10. What is the basic difference between halt and full adder circuits?

AN

11.  Convert the logic circuit shown in fig. 10.35 into a boolean cquation.
A
3 0

C

Fig 10.35
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MEASURING
INSTRUMENTS

INTRODUCTION

Suppose that an electronic device such as TV or

Radio is not working properly. How can we find

out the problem inside it? For this, we need to

111 GALVANOMETER measure various electrical parameters like voltage,
current, resistance ete.

INTRODUCTION

11.2 VOLTMETER . . ..
Electrical and electronic measuring instruments are

11.3 AMMETER used 1o measure these electrical paramelers. There
are mstruments which can be used (o visualize and
11.4 CATHODE RAY OSCILLOSCOPE analyse signal waveforms to determine the

propertics of signals such as amplitude, frequency,
phasc ctc. In this chapter let us discuss some of the
Iimportant measuring instruments.

A Cathode Ray Oscilloscope (CRO) is used to see
the wavelorms at dillerent points in a circuit. For
exanmple, now you are [amiliar with RC phase shili
Oscillator. Using CRO, you can see the wavetorms
at diffcrent points of the phasc shifting network. A
CRO can also be used for other purposcs like
measuring voltage, time period, frequency and
phase.

11.1 GALVANOMETER

11.5 SEVEN SEGMENT DISPLAY

11.6 DOTMATRIX DISPLAY

Arc you familiar with a galvanometer? It contains a
pointer which moves over a particular scale.
Have you ever wondered how the movement 1s
caused?

The galvanometer consists ol an iron coil mounted
between the poles of a permanent magnet. The coil
is wound on a bobbin and is free to move by 90°.
An aluminium pointer is attached to the coil. When
the coil rotates, the pointer moves over a scale.
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How does the pointer move? A current flowing
through the coil creates a magnetic field. This e
magnctic ficld interacts with the magnetic ficldof ~~ *1'5" N
the permanent magnet. This produces a force ¢ //
{called deflecting force) which moves the pointer. 0
A galvanometer is specilied in terms ol 1ts [ull
scale deflection current and internal resistance. A
galvanometer can be converted into an ammeter
or a voltmeter.

iron core
11.2 VOLTMETER

. o . Currsnt — —== ey
Consider a galvanometer with internal resistance

ot 500€) and a full scale deflection current of
0.1mA. So thc maximum voltagc that can be applicd to the terminals is 0.1mA x 500€2 = 50
mV. So 0-50mV can be directly measured by this meter by placing a voltage scale below the
pointer. The maximum reading on the scale is S50mV.

Fig 111 Galvanometer - Infernal diagram

Then how can we measure a voltage higher than 50 mV? This can be done by connecting a
high value resistance R, in series with the meler as shown in the [fig. 11.2 whereby the excess
voltage can be dropped across it.

<—Voltmeter

ey
Im=0.1mA: u

@+ V=10V(ma_ximum)-@

Fig. 11.2 Galvanomeier as a voltmeter
[.ct us sec how we can convert this meter to measurc 0 — 10V,

From the figure,
(0.1 x 1P xRY+3500x0.1x10° = 10V
(R, +3500)0.1 x10° = 10V
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R +500 = 10/(0.1x10%)
= 10°0
Or R, = 99.5kQ

So when 99.5k€Q2 is connccted in scries with the meter and 10V is applied, 0.1mA flows
through the meter and it shows full deflection. If we place a voltage scale 3-10V in this meter,
it will show 10V asreading. If the applied voltage is 5V, then the current in the circuit will be
(.05mA and it 1s halC ol the [ull dellection current. Hence the dellection in the meter will be hall
and it will read 5V, In this way the meter reads any voltage between 0 and 10V. Similarly, the
galvanometer can be converted to a voltmeter of any range by connecting a suitable series
resistor R,

Gengerally to extend the range of the voltmeter to a voltage V,

V —  voltage to be measured
I, —  full scaledeflection current
R, —  melerresisiance

R, is called the multiplier as it multiplies the vollage range. In a voltmeter, diflerent voltage
ranges are selected using a switch. The swilch connects to dillerent multipliers.

The above voltmeter can read DC voltages only. To read an AC voltage, a [ull wave rectilier
is to be used along with the meter. When different AC voltages are to be measured, the
rectifier produces proportional DC voltage and the meter produces corresponding detlection.
We rcad this deflection in this scale as the corresponding AC voltage. Voltmeter must always
be connected in parallel with the portion of the circuit across which the voltage is to be
measured.

Check your progress:

You are given a galvanometer with full scale deflection current of
100 pA. Its resistance is 100 2. Determine the series resistarice
needed to convert it into a voltmeter with a range of 100V.

Vv

Rs - E_RM

100
= 100 =106
100x10° 10

999.9 kQ2
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11.3 AMMETER

Consider the same meter mentioned above having a full scale deflection current of 0.1mA
and intcrnal resistance of 500 €. 'This meter can measure a maximum current of 1.1 mA., For
increasing the range of measurement, a resistor is to be connected in parallel with the meter to
bypass the excess current. Suppose we want to convert this meter to read 0-0.5mA, then the
excess 0.4mA should be bypassed through the parallel resistor.

Do vou know how to calculate the value of this parallel (shunt) resistor? When maximum
current to be measured which is 0.5 mA is given o the circuit, the current through the
galvanometer should be only 0.1mA which is its full scale deflection current.

Voltage developed across the meter = 0. 1mA x R ;)= 0.1mA x 500=50mV
The current to be bypassed through the shunt resistor R,
I, =04mA

Since the meter and R | are connected in - parallel, their voltage drops will be the same.(see

fig.11.3)

xR, 50mV
R,=50mV/04mA = 125Q.

Similarly, it 0.2mA is the maximum current to be measured, a 500 €) resistor is connected in
parallel with the meter and it bypasscs 0. TmA.

g b i
I e ™ oM
! Im=0.1mA | : !
! R ' ' e Ammeter
1 S :(+—5omv—)ll :4—
l -
l I
| |
|
: O | ] ~ :
1 I I S
- C Rsh=125 N d |

Fig 1.3 Galvanometer as Ammeter

Il larger current is 1o be measured, the resistor in parallel with the meter should be smaller so
that this larger current passes through the parallel resistor. IC 1 is the current to be measured,
the current flowing through the resistor is
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sh AR ¢

Since the meter and R | are connected in parallel, their voltage drops will be the same.

Or Rs‘h (-Imax - Iu) = Ig X R“
Ry x Ig
- Rsh = F

So the galvanometer can be converted into an ammeter to read any range of values it we
connect the required resistor in parallel.

The ammeter is always connected in series with the path in which the current is to be measured.

Check your progress:

A galvanowmeter with a full scale deflection current of 100uA and
tnternal resistance of 1002 is required to measure a maxinim
current of 10 mA, Determine the shunt resistance needed.
From the fig. 11.3.

Ry x1,

sh I

% 2

100x100x10°
(10x10° =100x10°

1.01 €2

Now the meter is able to measure a maximum current of 10mA allowing T00pA to flow
through the galvanometer and the rest through the shunt resistance. If we give SmA to the
ammeter, only SOpA flows through the galvanometer and it shows half of the maximum deflection
and we read this current as SmA.

A multimeter 1s an instrument that integrates the [unctions ol voluneter, ammeter and ohmmeter
into a single unit and hence all these quantities can be measured with it.

11.4 CATHODE RAY OSCILLOSCOPE

This is the most important and versatile instrument used in laboratories. It gives a visual
presentation ol a signal wavelorm. It 13 used for trouble shooting in radio and television receivers
and for laboratory measurements. The oscilloscope can measure voltage, amplitude, frequency
and phase shift. In fact, an oscilloscope works as an ‘eye for electronic engineers”.

A CRO is basically a very tast X-Y plotter. It plots the given signal waveform on a fluorescent
screen.
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Block diagram of a CRO

VERTICAL
\NRUT AMPLIFIER
SIGNAL

\ J
CRT
v H
ELECTRON
=il
v H

ELECTROM
GUN SCREEN

TIME BASE HORIZONTAL]
GENERATOR| AMPLIFIER |

TIMEIDIV

Fig 1.4 Block diagram of CRO

The important sub-systems ol a general purpose CRO are shown in Fig 11.4. This [igure does
not show all the sub-systems but these are the minimum stages required.

(i} Cathode ray tube

The heart of the oscilloscope i1s the Cathode Ray Tube (CRT), on the screen of which a visible
spot moves according to the variation of'a signal. The rest of'the instrument consists of the
circuit which is nceessary to operate the CRT.

Electron gun  Deflection system

ﬁﬁ
[Einput] [Cinpug
G A A2 Vi1 Hz
w—STT 1 T 147 = Electron beam

H -Heater A2-Accelerating anode
g :gim::r grid Vqvz-Vertical deflection plates
H1 Hz-Horizontal deflection plates

A1 -Focusing anode
Fig 11.5 Infernaf diagram of CRT
CRT is a vacuum tube of special geometrical shape enclosed within a glass envelope. It
converts an electrical signal into a visible one. Fig 11.5 shows the schematic diagram ofa
cathode ray tube along with its control circuits. There is a cathode whiclh is heated by a heater.
The cathode emits electrons. The electrons are accelerated to a high velocity and finally focused
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on to the sereen which is coated with some fluorcscent material. A spot of bright light is
obtaincd on the screen where the clectron beam strikes. 'The clectron beam from the cathode
1s deflected by a suitable circuitry on its journey towards the screen. As aresult a visual wave
[orm is obtained on the screen.

The main parts ol'a CRT are described below.
@}  The fluorescent screen

This is the inside face of the tube and is coated with some fluorescent materials such as zinc
oxide, phosphor elc. This material emits light when high velocity electrons strike it, converting
the energy of the electrons into visible light. Hence the name fluorescent screen. Depending
upon the phosphor material used in the fluorescent screen it is possible to have green, orange
or white light. T'his spot of bright light can be moved on the sereen in horizontal and vertical
directions with the help of controls.

b) The electron gun

The clectron gun gets its name because it fires clectrons at a very high speed. It consists of
cathode (ametallic cylinder with one end closed and a heating filament inside), control grid (a
meltallic wire mmesh) and [ocusing and accelerating anodes (metallic cylinders). Cathode is an
electrode which 1s kepl at a negative polential. When it is heated indirectly, it emits a large
number of electrons. The control grid controls the beam current and consequently controls
the intensity (or brightness) of the phosphorescent spot. Therefore, the knob controlling the
grid voltage is labelled as intensity control. The clectron beam is focused to a very small dot
on the screen by the focusing anode. The accelerating anode gives the required acceleration
to the electron beam.

c) Deflection plates

The electron beam passes through two pairs of parallel plates — Y-deflection plate and X-
dellection plate.

The Y-dellection plates (also called vertical dellection plates) are placed horizontally in the
tube. Any voltage applied to this set of plates moves the electron beam up or down. The
bright spot on the screen will move along the Y-axis.

The X-deflection plates (or horizontal deflection plates) are kept vertically. Any voltage applied
to this sct of platcs moves the spot on the sereen to the left or to the right (along the X-axis).

[f no voltage is applied externally to either set of plates, the spot should be located at the
centre of the sereen.

(ii)  Vertical deflection system

This scction is mainly used to supply the input signal to the vertical deflection plates with
sufficient voltage to deflect the clectron beam. The gain of the vertical deflection seetion can
be controlled by adjusting the Volt/ Div control on the front panel of the CRO.
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(ili)  Horizontal deflection system

[t consists of a number of amplificr stages and a time basc generator or saw tooth oscillator.
‘The time base generator provides the voltage for moving the ¢lectron beam horizontally, The
horizontal amplifier increases the amplitude of this voltage. While we are adjusting the Time/
Div conirol on the [ront panel ol the CRO, we are changing the [requency ol this time base
generator.

Displaying waveform

As you know, CRO has horizontal and vertical dellection plates. I{we apply a DC voltage to
the X- plate, the spot at the centre ol the screen shilis horizontally. Instead, 1l we apply a
voltage wavetorm which has the shape of sawtooth to the X- plate, what will happen?

A sawtooth wavetorm has a linearly increasing voltage part and a suddenly decreasing votage
part. Itis shown in fig. 11.6.

Voltage

M

Fig 1.6 Sewtooth waveform time

Now the electron beam will move [ast horizontally [orward and backward continuously so
that we will see a horizontal line instead ot'a spot.

Meanwhile, it we apply another signal to the Y plate of the CRO, it will move the horizontally
moving electron beam vertically too. So the earlier horizontal line will be moditied in the shape
of the signal applicd to the vertical platc.

Usually in a CRO, the horizontal dcflection plate is supplicd with an intcrnally gencrated
sawtooth waveform and the signal to be displayed is given to the vertical plate. As an example
if a sine wave is given to the Y plate , we see a sine wave on the screen.

Measurements using CRO

A CRO can be used for measuring voltage and the time period of a signal directly. We can
measure the current indirectly. The screen ol the CRO is a graph; the variable along the Y -
axis 1s the voltage and the variable along X- axis is the time. Usually, the CRO has two input
channels and you can input the signal through either of these input channels. Otherwise, you

N
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can input two different signals simultancously to CRO through these input channels and can
obscrve the two signals on the screen at the same time. The device has a “volts/ division™
knob for each input channel and a common “time/division™ knob. The voltage pointed by the
mark on the volts/div knob indicates the voltage ol one main division along Y-axis. Similarly
the time pointed by the mark on the time/div knob indicates the time ol one main division along
X-axis.

a)  Voltage measurement

At first the ground level is adjusted to lie on the X-axis by varying the Y-level adjusting the
knob. Now the signal whose voltage 1s to be measured is input to the CRO and the signal is
scen on the sereen. ‘The height of this signal is calculated in terms of the number of divisions
along Y-axis. This number of divisions multiplied by the reading indicated by the volts/div
knob gives the voltage of the signal. The device can measure both DC and AC voltages
equally well.

b} Current measurement

Ina CRO, we cannol measure current directly since this 1s basically a vollage measuring
instrument. So 1o measure the current, we take a standard value resistance and allow this
current to flow through this resistance. The voltage developed across this resistor can be
mcasured using a CRO. Now the current is calculated by using the cquation, 1= V/R.

c)  Time period/frequency measurement

The signal whose time period is to be measured is given to the input of the CRO and the
waveform is observed on the screen. Now the time of onc cyele s to be measured to get the
time period. The number of divisions along X-axis within one cycle is counted and it is multiplied
by the time indicated by the mark of the time/div knob. This gives the time period of the signal.
The [requency ol the signal is oblained by taking the reciprocal of the time period.

11.5 SEVEN SEGMENT DISPLAY

The Light Emitting Diode (LED) finds its place in many
applications in the modern electronic fields. One of them is the
Seven Segmeni Display. Seven segment display is a form ol
electronic display device for displaying decimal numerals.

The name seven segment comes because it contains 7 segments.

The segments are arranged as shown in the fig. 11.7. Seven

scement displays may usc a liquid crystal display or [LED for Fig 11.7 A single digit 7
each segment. Seven segment displays are widely used in digital segment display
clock, electronic meters and other electronic devices for

displaying numerical mformation. Here in this ligure the segments are named [rom Ao G. The
purpose of arranging it in this style is that, all the digits can be displayved using this by selectively
making the LEDs ON and OFF ( see the last column of table 11.1).
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—

o o o o u
= d Gnd ¢ dp

Fig 11.8 Arrangement of segments in seven segment display

Binary Coded Decimal (BCD) to Seven Segment conversion

The fig 11.9 shows a typical interface to a seven segment display. [First we have to convert the
decunal into BCD. Then the binary numbers [or each decimal 1s given to the converter. The
converler gives the output word (a,b,c,d.e,[,g). Il abit in that word 13 1, 1t will turn on the
corresponding light and if the output bit is (, it will turn off.

a a a

DECIMAL D b b

Decimal C 7447 c c ! g b

TO BCD d d Vo'

———— B 5 o

input CONVERTER A f i IF g &
= CLOCK g 9

BCD to 7 Segment 7-Segment

Decoder LED Display

Fig 11.9 BCD to 7 segment converter

Seven Segment Display Table

The table 11.1 shows the combination of BCD inputs and their corresponding outputs. If the
output bit is 1 the corresponding segment glows. The table is written in such a way that the
corresponding decimal number 1s displayed when the selected LEDs glow.

BCD wieans binary coded decimal. The number system is decimal, but eacl digit is coded as binary. For
example (24), in BCD is 00100100.
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BCD input Segment outputs Display
DIC|B|lA|la| b |c|d| e |f g

0|of(0j0O|L, L |12 |1l |L]| O

0|of(0]2{0 1 |12|0|D |0 O

=
(8 o e 0 e O R

Tuble 111 BCUD to 7 segment conversion table

Activity 1

List out the devices in which the seven segment display is used.

11.6 DOTMATRIX DISPLAY

You might have noticed the display boards in
railway stations and airports. [t uscs a dot matrix
display. A dot matrix display isused to display
information in machines, clocks, railway departure
indicators and many other devices requiring a
simple display device ol limiled resolution. The
display consists ot a matrix type arrangement of
lights or mcchanical indicators arranged in a
rectangular configuration (other shapes arc also L ——
possible, although not common) such that by Tt K s R - C
switching ON or OFF selected lights. text or
graphics can be displayed. Each dot in a matrix
can also be a LED. The dot LED can be separately
turncd on or off to obtain the required display, [ :
Thefig. 11.10 shows a |.LED dot matrix display in Fig 11.10 Dot matrix display on
a bus indicating the route of journey. KSRTC bus
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A dotmatrix display system consists ol a dot matrix converter which
converts instructions from a processor into signal which turms on or oft
the light in the matrix so that the required display is produced.

11111

. ] Fig 11,11 Single
Usually 5x7 dot matrix display s df;,:,q dot mmix

used to display alphanumecric display
characters inthe display system. [ig.

11.11 shows the arrangement of lights in a 57 matrix.
The 5x7 dot matrix display [ormat contains 5 horizonial
dots and 7 vertical dots. If each of the dot position
corresponds to a source of light, the off lamp corresponds
to logic zero and on lamp corresponds to logicl. Fig.
11.12 Shows a 5x8 dot matrix display for the letter A.

-
=Y
-
e o | o | b | o |

1 1

Fig 1112 Letter A displaved on
dot matrix

Activity 2

By drawing a 5%7 dot matrix indicate the first letter of your name.

Now a days dot matrix bicolor |.ED) display information
board fcatures high resolution and gentle color and offers
four different selections. These are used for advertisement
boards in cities, display scores in stadium elc.

A bigger dot matrix display can be constructed by using
large sized matrix which may contain several thousands
of dots of LEDs. The quality of the picture or text
depends on the resolution of the dot matrix display. The
resolution can be improved by increasing the number of
dot per area.

Fig 1113 Dot matrix score board

The dynamic dot matrix display displays running displays or movies. This is obtained by
turning the dots in the display ON and OFT very fast. A better dynamic display can be
constructed using LED matrix since the switching time ol LED 18 very siall.
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A galvanometer is used to detect small electric current flowing through a circuit. It
consists of an iron coil mountcd within the ficld of'a permanent magnet, it deflects. A
ealvanomctcr can be converted to a voltmeter to measurce a high value of voltage by
connecting a high resistance in series. The value of series resistance required can be
calculated by using the equation Rs=V/I - R, .. To convert a galvanoimeter lo an amineter,
alow resistance should be connected in parallel. The required shunt resistance can be
calculated using the formula R =R, x1 /(1 ~1 ). Where 1 is the maximum current to
be measured and L is the full scale deflection current of the galvanometer. Cathode ray
oscilloscope (CRO) gives a visual indication of a signal wave form. Itis used for trouble
shooting in radio and TV receivers and [or laboralory measurements. It can measure
voltage amplitude, frequency and phase. Cathode ray tube is the heart of'a CRO. The
clectron beam from the cathodce is deflected by a suitable circuitry on its journcy towards
the screen. Seven segment display is used for displaying decimal numerals. It uses LCD
or LED [or each segment and 1t is used 1n digital clock, electronic meters etc. ABCD to
seven segment converler converls binary 1o corresponding outpul word. Dot matrix
display is a simple display device of imited resolution used in machines, clocks, railway
departure indicators cte. [t consists of a matrix type arrangement of lights. A 5x7 matrix
display is an example of a display device used to display alphanumeric characters.

Learning outcomes

The learner is able to

e  [xplain the significance of measuring instruments like voltmeter, ammeter,
multimeter ete.

Explain how lo converl a galvanometer inlo ammeter and voltmeter.

List out the applications of CRO.

Explain the constructional details of CRO.

Measure current, voltage, frequency and time period using CRO.

Explain the principle of operation and uscs of the Scven scgment display.

e Pointout the principle of operation and the uses of Dot matrix display.
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K@% €valuation items

Multiple choice questions

1. Which ofthe following instrument is used to measure the phase of a signal?
a) Volmeter b) Ammeter ¢) Multimeter d) CRO
2. Which ofthe tollowing quantity can be measured directly by a CRO?
a) Voltage b) Current ¢} Frequency d) Resistance
3. A galvanometer can be converted into a voltmeter by connecting............

a) a large value resistance in parallel
b) a large value resistance in series
¢) a small value resistance in parallel
d) a small value resistance in series

4, A galvanometcr can be converted into an ammeter by connecting............

a) a large value resistance in parallel
b) a large value resistance in series
¢) a small value resistance in parallel
d) a small value resistance in serics

5. [faDCvoltage isapplicd to both X and Y deflection plates of a CRO, you will
S eernaane on the screen

a) a horizontal linc

b) a vertical line

¢) a spotatthe centre of the screen
d) a spotshilied away [rom the centre

6.  Themeasurement using a CRO 1s very accurate because............
a) thequantity is displayed
by  the CRO draws no current
¢) Lhe voltage and time range can be changed.
d)  none ofthese

7. Asevensegment display conlains............

a) sevendillerentT.T.Dg

b) onesingle LED having seven segments
¢) anynumber of LEDs

d) LEDs arranged as the number seven

8. Asevensegment displayisof............
a) LEDs b)LCDs c¢)lamps d)bothaandb
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9. Theresolution of a dot matrix display can be increased by............
a) increasing the number of LEDs
b) closely arranging the LEDs
¢) bothaandb
d) noneof'these
10. A dynamic dot matrix display is possible because............

a) LEDs can produce different intensity light.

b} 1.EDscan be switched ON and OFF very fast
¢) LEDscan beproduced in different colors

d) LLEDscanbe made very small in size

Answers key
l.d 2.a 3b 4¢ 5d 6b 7.a 8d 9¢ 10b

Descriptive type questions

1. How voltmeters of different ranges are produced?

2. What are the quantities measured by a voltmeter?

3. Write the need of a sawtooth waveform applied to the horizontal deflection plate of a
CRO.

4. Explain the measurement of voltage, current and frequency using a CRO.

5. Listthe devices where you sce a dot matrix display and a seven segment display.

6. Youarc given a galvanometer with internal resistance of 500€2 and a full scale deflection

current of 100pA. TTow will you convert this meter into a voltmeter of a range of 0-
10V?

7. How will you convert the above galvanometer into an ammeter of 0-10mA?
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