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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

Have yvou ever thought about the importance of
electronics in our daily life? The electronic devices
and their usages have influenced our daily life in such
a way that it is impossible to spend even a few hours
without them. Right from the beginning of the day
till the time we go to bed, we use a large number of
electronic gadgets to simplify our work and to solve
our problems. From small alarm watches to the
complex computers. from mobile to the camcorders.
from kitchen to toilet. from bedroom to office,
everywhere electronic items can be seen. It seems
that they are omnipresent.

Why have we become so dependent on electronics?
The answer is very simple. They simplify our daily
activities and lifestyle. Let us take the example of
mobile phone. It has changed the definition 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 electronic technology incameras
has completely changed the history of photography.
A digital camera is now available at an affordable
price. The cell phones now include a fairly
sophisticated digital camera that can capture still
pictures and even video pictures. The videos and
pictures can be e¢asily transferred 1o 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 orenlarged
easily with the help of electronics.



Even our kitchens are equipped with electronic equipment, {rom 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 MRI, CT and the X-rays rely on electronics
in order to do their work quickly and accurately.

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.

Fig |.1 Some applications of electronics in daily life

* Hawve you reahized that electronics plays a very important role in
your daily life?
* Do you wonder about the rapid development of electronic equipnent
in every field of life?
1. WHATIS ELECTRONICS?
The electronic equipment mentioned in the previous section have several electronic components
in it like resistors, inductors, capacitors, diodes, transistors, 1Cs, ete. The components like diodes.
transistors and 1Cs are made up of semiconductor materials. The working of these components
is based on the amount and direction ol current lowing through them.

The word electronics means -'pertaining to electrons’. Electronics can be defined as the branch
of science and engineering which deals with the controlled flow of electrons through vacuum.
as 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
universities.

1.2 HISTORY OF ELECTRONICS
Invention of Vacuum Tubes

Electronics took birth in 1897 when J.A.
Fleming developed a vacuum diode. Useful
electronics came in 1906 when vacuum |
triode was invented by Lee De Forest. This
device could amplify electrical signals. Later,
around 1925, tetrode and pentode vacuum
tubes were developed. These tubes
dominated the tield of electronics till the end
of World War 1.

Invention of Transistor

A vacuum tube, electron
| tube or thermionic valve is
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

Sir John Ambrose
Fleming

The era of semiconductor electronics began
with the invention of the junction transistor
in 1948 a1 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.

S Walter Braitzin and Wiliam
Shockley were awarded the Nobel Prize in
Physics in 1956 for e invention of ransistor.

heated red-hot, electrons leave its surface
into the vacuum inside the bulb. If the
electrode-called a "plate” or "anode"-is made
more positive than the hot filament, a direct
current flows through the vacuum to the
electrode.

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

SEFH



Earlier, the transistors were made of germanium, as it was easier to purify. In 1954 silicon
transistors were developed. These afforded operations up 1o 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 (1C)

In 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
ofelectronic 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 (S51), fewer than 100
transistors.

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

1969 - Large-Scale Integration (L51), 1000 to 10000
transistors.

1975 - Very-Large-Scale Integration (VLSI), more -

than 10000 transistors, Jack Kilby
1994 - Ultra-large-scale integration (ULS1) more than 1 million transistors.
2012 - INTEL introduced a computer processor chip (62-Core Xeon Phi)

containing 5,000,000,000 transistors

F IR ' ” “ -
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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.

| i

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 ). 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, S5t. Johns in December 1901.

o In 1895, 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 of both communication as well as entertainment.
Electronic gadgets like tape recorders. music and video players, stereo systems, public address
systems, ete. are widely used for entertainment.

Applications in Defence sector

In a war. success or defeat of a nation depends on the reliability of its communication system. In
modern warfare. communication is almost entirely electronic. Guided missiles are completely
controlled by electronic circuits,

One of the most important developments during World War 11 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 aireraft. The anti-aircraft guns can then be accurately

0,



directed to shoot down the aircrafl. In fact the RADAR and anti-aircrafl guns can be linked by
an automatic control system to make a complete unit.

2 ——

Applications of electronics in defence: Missiles, RADARS,
warplane and communication setup

Instrumentation

Instrumentation plays a very important role inany industry and research organisation, for precise
measurement of various quantities, Very accurate and user-friendly instruments like digital
voltmeter (DVM), cathode ray oscilloscope (CRO). frequency counter, signal generator, strain
gauge, pH-meter. spectrum analysers, etc. are some of the electronic equipment without which
no research laboratory is complete.

Medical Electronics

Fig1:2

Some applications of electronics in Medical field

\:q



Electronic equipment ane 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, ete. Some of the instruments are shown in the fig. 1.2.

Activity 2
Prepare a list of electronic devices that are used in medical field. Mention
their applications also.

* Do you know which instruments are used to deterniine Hie condition
of heart of a patient?

«  Which instrument is used to take pictures of the internal bone
structure of @ 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. ele.

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

Applications in Automobiles

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

Automobile industry is one of the fastest growing sectors in the world. The end users are
demanding greater fuel efficiency. security and safety. This is possible because of the rapid
development in the technology. Other areas of application in automobile are parking sensors.
auto wipers. auto lights, safety (eg. Air bags), security, anti-theft systems. ete.

Consumer Electronics

We use fans in our home. ¢lass rooms, library, etc. Youare familiar with the electronic regulators
used with them. Have vou ever thought of the mechanism behind that? Here we use an
electronic component known as TRIAC to control the speed of the fan. The speed of the fan 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 componenits like Silicon Controlled Rectifiers (SCRs) are used in
the speed-control of motors. power rectifiers and inverters.



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 from
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. It includes personal computers.
telephones. audio equipment, televisions, caleulators, washing machines. DVD plavers, ete.
Some home appliances are shown in the fig. 1.3,

Fig 1.3 (a) Washing machine (b) TV (¢) Radio (d) Mobile Phone



Prrpﬂr.-? i list of electronic equipnient that you knoto like Hiwose gioen
below and classify them according to their fields of applications

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

1.4 ELECTRONIC COMPONENTS-ACTIVE AND PASSIVE

Electronic components can be broadly classified into active and passive components. Active
Components are ¢lectronic components which are capable of amplifying or processing an
electrical signal. e.g.: Diodes, Transistors, etc. Passive Components are electronic components
which are not capable of amplifving 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 ina
circuit. 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 it its wattage rating is higher, so as to withstand higher
power dissipation. Resistors can be broadly classified into two groups-fixed and variable.

— AW ———

R Fig [.4 Symbols ol Resistor R

Fixed Resistors

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

Connecting Leads
Carbon composition resistor
The resistive material in carbon composition

resistor is of carbon-clay composition. The IHp
two materials are mixed in the proportions oo !
needed for the desired value of the resistor. i—T1 mM
The value of the resistor is directly T

proportional to the amount of the mixture.

The resistor element isenclosed in a plastic
case as shown in figure, for insulation and Fig 1.5 Carbon composition Resistor

mechanical strength,
\\

Insulating Material Carbon Mixture



The leads are made of tinned copper. Resistors of this type are readily available in values
ranging from a few ohms to about 22 M €2, with tolerance range of 5 to 20 % . and wattage
ratings of Ya W, 5 W1 Wand 2W.

Carbon film resistors

Carbon film resistors are made by depositing a homogeneous film of pure carbon over a glass.
ceramic or other insulating core. Its basic structure is shown in fig. 1.6.

Desired values are obtained by either 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 fixed on both ends. This type of film resistor is sometimes called
precision Lype as it can be obtained with tolerance of £ %,

Wire wound resistor

Carbon film
Endcap | ' Insulating coating
e [ /1]111]1}
— i
[.I - . ‘ ‘—l 'I
' Ceramic rod

Fig 1.6 Carbon Film Resistor

When ratings of more than | watt are required. we generally use wire wound resistors. [t uses
aresistance wire such as nichrome. A thin nichrome wire is wound on a ceramic or porcelain
core, The ends of the wire are attached to metal pieces
inserted in the core. Tinned copper wire leads are
attached to these metal pieces. This assembly is coated
with enamel containing powdered glass. These
resistors are available in the range of 1 Q 10 100k €2,
and power ratings up to about 200 W.

Fie 1,7 Wire wound Eesistor

Colour coding of Resistors

Carbon-composition and carbon film resistors are small
insize, Ithecomes 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)
coloured signs (or bands) painted on the body. The
coloured bands are alwavs read from left 1o right from
the end that has the bands closer to it as shown in Tolerance
Fig. 1.8. 2nd Band Multiplier

Fig 1.8 Colour coding ol Resistors




The first and second colour bands represent the first and second numbsers (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

None - - £20%

Fig 1.9 Colour Coding Table



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 of this resistor as shown in
the table below.

| ¥ band 2% hand 39 band 4™ hand Value
Yellow Violet Orange Giold
4 ' 7 [ 10 x5 47k O 5%

Now 3% of 47k € is2.35k £ . Therefore. the resistance should be within the range 47 k€ =
2.35k €2, orbetween 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 of 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 (L) Kilohms (kL1 Megohms (M)
10 10 100 1.0 0 100 1.0 10
1.2 12 120 1.2 12 120 1.2 12
15 15 150 1.5 15 150 1.5 15
18 18 180 1.8 18 180 1.8 18
2 22 220 22 12 0 22
X -n 270 21 1 2.7
33 33 330 e i S ¢ N1 3.3
s 39 390 39 3™ 390 39
47 47 470 4.7 47 470 4.7
56 56 560 56 56 560 5.6
68 6B B8O 68 68 68O 6.8
g2 82 B20 8.2 82 B 8.2

1. We need a resistor of 4.7 with 15 % tolerance. Find the
sequence of the colour band on the resistor.

2. Avesistorhas 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 circuits, sometimes it becomes necessary to adjust the values of currents and
voltages while the equipment is in use. For example. it is often desired to change the volume of

<



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 o '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

circuit. Some have wire wound

resistance as their primary

elements, while others have a |

carbon film element. Figure

1.10(h) shows the basic

construction of a wire wound pot.

A resistance wire is wound over (a)

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.

l |

Fig 1.10 Potentiometer
{4} Symbol {b) Basic construction of a wire wound potentiometer

............. .-’.-

() ()

Fig .11 Wire wound potentiometer (a) Linear (b)) Non linear

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. Ina nonlinear potentiometer fig 1.11(b),
the height of the former is not uniform. The core of the non-linear type is made from a tapered
strip. The pots used as volume control in radio. tape recorders, ete. are generally of nonlinear
tvpe (with logarithmic variation).

1.6 CAPACITORS : l ‘fh_\ 4
A capacitor can store electrical energy in its electric N \ 1 f ~\ ! H;“ r 4
field. and release it whenever desired. A capacitor W o e o T
opposes any change in the potential difference e '::_"F A =0 ———

* = . ; — T AN
applied across its terminals. The capacitance ofa /1 ",7\:\." — /) 1‘t \,:“*»
capacitor is measured in farads (F). Capacitors ! I B ’:,/ 9
vary in shape and size, but the basic configuration L s :
liﬂh?u?ncundm'tﬂm separated by an’ insulating Fiz |.12 Basic configuration ofa capacitor,



In 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, a charge QQ is
moved from one conductor to the other, giving one conductor a charge +Q) . and the other one a
charge -, 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 / / 0
conducting plates of area A, which are parallel to each other. '
and separated by a distance d, as shown in Figure 1.13, R ;IZ

.f'l '{'}

In a capacitor the plates are separated by an insulating ¥

material known as a dielectric. The factors affecting 7 1
capacitance of a capacitor are dielectric material, area of
the plate. thickness of the dielectric and the distance between
the plates.

Fig 1,13 Parallel-plate capacitc
Fig 1.13 Parallel-plate capacitor

All other factors being equal, larger plate area gives higher capacitance. This is because larger
plate area results in more charge to be collected on the plates for a given voltage across the
plates. Closer plate spacing gives higher capacitance and larger plate spacing gives less
capacitance. The higher permittivity of the dielectric gives larger capacitance and less permittivity
gives less capacitance,

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

Where C is capacitance in farads and £ is permittivity of the dielectric.
Experiments show that the amount of charge Q stored in a capacitor is directly proportional to
the electric potential difference (V) between the plates.

0 = C v -iilllii.llllliiil IE
Figure |.14(a) shows the symbol which is used to represent capacitors in circuits. Fora 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 oflers resistance J-— ﬂ—
to a signal passing through it. This is known as I l
capacitive reactance. Capacitive reactance is
givenas: (a) Normal  (b) Electrolvtic (¢) Variable
1 1
Xc = e 2mfC PURUORPRNPRE: L. Fig .14 Capacitor symbals

Where Xc¢ is the capacitive reactance, @ is the angular frequency. {is the frequency in Hertz,

and C is the capacitance. The unit of capacitive reactance is €2 It is clear from the above
equation that the reactance of a capacitor increases with decreasing frequency.



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 electrolvtic. Variable capacitors are mostly air-
cang capacitors.

Fixed Capacitors
Metal foil

Mica capacitors {plates)

Mica capacitors are made from plates of

aluminium foil separated by sheets of mica, — —— Mica
as shown in Fig. 1.15. The plates are (disbectric)
connected to two electrodes. The mica
capacitors have excellent characteristics
even under temperature variations and
high voltage applications. Available
capacitors range from 5 to 10° pl. Mica Fig .15 Construction of mica capacitor
capacitors can be used upto 300 V.

Il

Ceramic capacitors

A ceramic capacitor consists of a metal such as copper Q
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 i

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 use in transistors) ‘

up Lo 6000 V. The capacitance value ranges from 3 pF

toabout 3 pF. Fig 1.16 Ceramic disk capacitors
Paper capacitors

This capacitor consists of two metal foils separated by strips of paper. This paper is impregnated
with a dielectric material such as wax, plastic or oil. Since paper can be rolled between two
metal foils, it i1s possible to concentrate a large plate area in a small volume,

Paper capacitors have capacitances ranging from 0.0005 # F to several u F, and are rated
from about 100 V to several thousand volts. They can be used for both DC and AC circuits.

L 0 s the abbreviation of divect currend. When o DC voltage is appdied aeross a civcuit e curramnt always
Hlowes i the same divection, Frequency is number of cpoles per second, So DC voltage has cero freguency

2 AC iy afternaring current whicl wiren applied geross g oivendt, the coreent changes i direction
periodically



Paper (dielectnc) Ahwvirmem fod (conductor)

1/

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 electrolyvte. The electrolyte forms the negative plate of the
capacitor. Another layer ofaluminium without the oxide coating is
also provided for making electrical contact between one of the
terminals and the electrolyte. In most cases, the negative plate is Fig 118 Electrolytic
directly connected to the metallic container of the capacitor. The capacitor
container then serves as the negative terminal for external

connections.

The aluminium oxide layer is very thin. Therefore. the capacitor has a large capacitance ina
small volume. It has high capacitance-to-size ratio. The terminals are marked +ve and -ve. The
capacitance value may range from | g F o several thousand micro farads. The voliage ratings
may range from | Vo 500V,

Variable capacitors

In some circuits, it 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 area, the larger the
capacitance.

=y i Fiz |19 Air-gang capacitor
In some applications, the user need not vary the capacitance
value frequently. One setting is sufficient for all normal
operations. In such situations, we use a variable capacitor called a trimmer (sometimes called
padder), Both mica and ceramic are used as the dielectric for trimmer capacitors (Fig. 1.20).

(2,

{variable)
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Fig .20 Basic construction of @ mica trimmer

1.7 INDUCTORS

An inductor is a device that stores electrical energy inthe magnetic field surounding it. Inductance
is the property of a coil (the inductor) to oppose a change in current. In its simplest form. an
inductor consists of a wire loop or coil. The inductance of an inductor is directly proportional to
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 symbals for inductors are
shown in figure 1.21. The unit of Inductance is henry (H).

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

X =wbk=2xil. (14)

where X, is the inductive reactance, @ is the angular frequency, fis the frequency in Herte,
and L is the inductance. The unit of inductive reactance is Ohm. The reactance of 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 ¢lear that an inductor blocks AC where as it passes
DC signal. This is exactly opposite to the function of'a capacitor.

All inductors can be classified into two categories: lixed and variable. According to the
constructional features, inductors can be further classified into three: air core inductor, iron
core inductor and ferrite core inductor. Air core inductor is made of thin copper wire wound
without any core. It has low value inductance of the range milli and micro henry,

Iron core inductor is made of copper wire wound over a laminated iron core. Iron core inductors
are very suitable for audio frequency applications.

Ferrite core inductor is made of copper wire wound on a solid core made of ferromagnetic
material called ferrite. In variable type ferrite core inductors, the ferrite 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) Iron core {c) Ferrite core
Fig 1.21 Symbols of Inductors



Inductors are used in different frequency ranges

Chokes which are used in smoothing the pulsating voltage produced by rectifying
AC(50 Hz) in to DC are called filter chokes. The range of inductance is normally from
5to 20 H. Afilter 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 smaller in 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 shown in Fig, 1.19. RFCs are having
a low inductance value of the order of micro Henry.

1.8 TRANSFORMER

A transformer is similar in appearance to an inductor. It 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 altlernating 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. Ifthe number of tumns in the
secondary is less than that in the primary. the voltage will be stepped down. Such transformers
are called step down transformers

irom
core

primary secondary
coil
»- a8 —

1o 220
vilts (%) volts

primary secondary

coil coil
—r -
220 110
volts voles

(b) (<)

Fig |,22.a) Step up transformer by Step down iransfirmer ¢ picture of a low power transformer



Electronics is an integral part of every field of life. The invention of transistors 15 a major
tumning point in the development of electronics. Integrated circuits and their development
through SSI, LSI, VLSI technologies led to the fast growth of electronics in all fields.
Communication and entertainment, defence, control and instrumentation. medical, industrial
applications, automobiles. home appliances. ete. are some of the fields of applications of
electronics. 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 passes DC and blocks AC.

R “~ Learning outcomes
= The learner is able fo
e  Explain the origin and history of development of electronics.

e  Point out the significance of electronics in day to day life.

o Classily the applications of electronics into various fields.

o ldentify the basic components in electronics.

o Classify the important components in electronics as active and passive.

#  Recognize resistors. capacitors and inductors of various types from their physical

‘appearance.
e ldentify the value of resistors using their colour coding.
e  Draw the symbols of different active and passive components.
e Explain the specifications of various types of resistors, capacitors and inductors.

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

I} Investinasoldering iron and practice soldering until it becomes

L 4 second nature.

"_ N 2} Getsome more hardware like breadboards. wire clippers. etc.
L Hﬂbb}t 3} Subscribe magazines or purchase books. that not only provide
W electronics vou with schematics for simple circuitry, but also take you on

a component walk-through, explaining the purpose for each
_! L part. You can likely find the books advertised in the magazines.

Read more: hitp:/fwww.physicsforums.com

http://www.epanorama.net/

)



€Evaluation items

Multiple choice questions

9,

10.

A _isacircuit element which takes energy from driving source and
does not return it.

(a) capacitor (b)resistor (c)inductor (d)diode
Example of an active device is
{a) electric bulb (b) diode (c)transformer (d) loud speaker

A is a circuit element that stores energy in a magnetic field and
retums it,

{a) capacitor (b)resistor (¢)zenerdiode (d)inductor

A 100 g F capacitor is reguired in an electronic circuit. Such a large value of
capacitance is possible if the capacitor is a/an

(a) ceramic capacitor (b) mica capacitor (¢) electrolytic capacitor
{d) paper capacitor

A resistor has a colour band sequence: brown. black., green and gold. Its value is
(a) | K€ £ 10% (b) IMQ +5% (¢) 10k +£5% (d) | MO+ 10%

A i5 the circuit element that stores energy in an electric field and
retumns it.

(a) resistor (b) inductor (c) capacitor (d) none of these

With the help ofa RADAR we can

(a) perform mathematical calculations very fast

{b) listen to more melodious music

(c) detect the presence of an aircraft as well as locate its position

(d) cure the damaged tissues in the human body.

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

@120 H21Q ©1200Q (@210

The term IC used in electronics denotes

{a) Indian culture (b) integrated circuits (¢} internal combustion (d) industrial
control

Which one of the following is used as a passive component in electronic circuits.
{a) Vacuum triode (b) transistor (c ) resistor (d) lield effect transistor (FET)

Answer key

Db 2)b 3)d 4)e 5)b 6)c Tec Bla Nb 10)c



Descriptive tvpe questions

b

e

13.
14,
I5:
16.

Our daily life is influenced by electronics. 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.
Write short notes on

(a) capacitor

(b} inductor,

Explainthe applications of capacitors.

What forms the dielectric of an electrolytic capacitor? Why is the electrolytic
capacitor polarized?

What are the specifications of a capacitor? State the factors affecting the
capacitance of a capacitor.

When youadjust the volume control knob of your radio receiver, which component
is varied inside the set?

Explain briefly the difference between air- gang (variable) and trimmer capacitors,
What is an inductor? What is the unit of inductance?
Classify the inductors and explain briefly.

MName 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
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DIRECT CURRENT AND
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FREQUENCY, TIME PERIOD AND
PHASE ANGLE

AVERAGE AND RMS VALUES OF AC

CONCEPT OF IMPEDANCE

ELECTRICAL
FUNDAMENTALS

INTRODUCTION

We know that electronics has become an integral
part of our life. through its vast range of applications.
In the 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. Before that, let us go through
the basic concepts of electricity. which is the source
of energy that makes all electronic devices work.
To begin with we shall look into what electric
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 seriesand
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 Kirchot's law.

2.1. ELECTRIC CURRENT
Can you say, what actually happens when yvou press
the switch of a torch light? The basic arrangement

inside a torch is as shown in fig. 2.1. When the
switch 'S'is closed (switch pressed). electric current

rf?_ﬂ_[

e + i =
s .
Fig 2.1 Simple electric circuir



flows through the eircuit. The flow of electric current makes the bulb glow. The direction of
electric current is from positive terminal of the battery to the negative terminal of the battery.

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

The electric current or electric current intensity is defined as the rate of flow of electric charges.
It qis the amount of charge that crosses any section of a conductor, in a ime interval 1, then
the current I' is given by

Aq

T AL
The unit of electric current is Ampere (A). A current of one ampere equals a flow of 1
coulomb of charge per second. Ammeter is the instrument used for measuring electric current.

2.2. THEVOLTAGE
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
force (emf).

I
0Q
where
V - potential difference or voltage in volts
W - energy spentin joules
(Q - chargeincoulombs

One volt is defined as the potential difference between two points in an electric circuit such
that one joule of work must be done to move a charge of one coulomb between the points.
Thus ifan electric power line has a voltage of 220V, it follows that 220 J of work has to be
done to transfer each coulomb of electric charge through any apparatus connected between
the two wires.

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

2.}, ELECTRIC MOWER

Electric power is the time rate of doing work for moving charges from 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 a circuit in which a current of 1 ampere is flowing when
the voltage applied is | volt.

.,

T

,\Zfi



The electric power consumed by a = 4

resistor is determined by the voltage
across it multiplied by the current flowing
through it.

Power = Voltage x Current
P=VxlorP=VI

2.4. OHM'S LAW

We have seen that when potential
ditterence is more, the current increases.
It can be said that at constant
temperature, the potential difference
across a conductor is directly
proportional to the electric current
throughit.

Chm's law can be written as Voo | at
constant temperature

W/l = Constant,

This constant of proportionality is termed
as the resistance of the conductor. lts
ST unit is ohm (£2).

Those conductors which obey Ohm's
law are called ohmic conductors.
Examples for non-ohmic conductors are
semiconductors.

2.5.SERIES AND PARALLEL
COMBINATION OF RESISTORS

Suppose for a certain circuit we require
a 20082 resistor, and for some other
circuit we need a 5002 resistor. But we
have only 100€2 resistors with us. How
can we solve this problem?

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

Assemble two circuits as shown in fig 2.2 and
fig 2.3.

P [m] Q

Fig 2.2 Sume petentials applied ar hotfy the ends

YR N

[
2

V=

87

Frg 2.3 Unegual porentials appfied ar the ends

e |Vhat do you observe ?

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

¢ Think why these circuits behave
differently.
« Justify your observation

The bulb in the fig 2.2 does not glow since
there is no potential difference between the
points Pand Q. In the fie 2.3 potential applied
at the terminals of bulb (points M and N) are
different. So the current flows through the bulb
and it glows, Thus we can conclude that
eleciric 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 mare and more
brightly due to higher current flow. Try 1o do
that,



The two ways of combining resistors are
I.  Series Combination
2. Parallel Combination
Series Combination
Two or more resistors are said to be connected in series when they are connected in such a

way that the same current flows through all those resistors. Consider three resistors R.R,
and R, connected in series and a voltage of’ "V’ volts is applied across itas in ig.2.4

v

—_

VI

Ey Ea Ea
—WW—WWWW—WW
Vi W Vs
Fig 24 Seriex combination of resistors
In this circuit the current through each resistor will be the same but the potential difference
across each is different. It can be obtained using Ohm’s law.
Potential difference across R, V, =IR

1

Potential difference across R,, V. = IR,
Potential difference across R,V =1R,

[F*V" is the effective potential drop and "R the effective resistance. then the effective potential
difference across the combination is

V=IR
Total voltage across the combination is equal to the sum of the voltages across each resistor.
V=V +V +V,

Substituting the values of voltage
IR=1R, +IR, + IR,
Eliminating I from all the terms, we get
R=R +R +R,

Thus the effective resistance of the series combination of a number of resistors is equal to the
sum of the resistances of individual resistors.



Parallel Combination

R,
A number of resistors are said to be connected . |
in parallel when they are connected insuch a : R
way that the same voltage appears across each E m
of those resistors. Consider three resistors R L Ry

R, and R, are connected in parallel across a
potential difference of V asin fig 2.5.

Here. since all the resistors are connected across
the same terminals, the potential differences
across all of the resistors are equal. But the I
current will be different in each resistor and is !
given by Ohm’s law.

Fig 2.5 f‘ur;.'.l'}uj combination of Fesizraes

v
Current through R, 1, =5~

v
Current through R, I,= 5~

£

Current through R, 1. = R

Vv - . . .
The total current through the combinationis [ = g where ‘R’ is the effective resistance of this
circuit.
The total current through the combination = the sum of the currents through each of the
resistors
I=1+1+1,
Substituting the values of currents, we get

Eliminating V from all the terms we get

1 | 1 |
o —f—
R R R, R
Thus in parallel combination the reciprocal of the effective resistance is equal to the sum of the
reciprocals of individual resistances. The effective resistance in a parallel combination will be
smaller than the value of the smallest resistance.

()



When only two resistors of values R and R, are connected in parallel, the effective resistance

- - i R— RIRI
of the combination is R, +R,

' Find the total currmfﬁawf_ng ﬂ:mugi: the circuit in ﬁgi_g and the
current through each of the resistors.

3000

300

300 2

'*'ll-
1'100 v

Flg2.6

Selution
The resistors each of value 300 ohms are in parallel.

Effective resistance can be obtained as follows.

| . 1 . 1

R 300 300 300
300

B=

= 1M ohms

Total current in the circuit,

LN 10D

T e

Since RL=IL,F =F€L3 .

3

o
s



The current through each of the resistors  — Activity 2

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

i beginning of the section 2.5 (To gel effective
= —ampere resistances of 20002 and 500 using 1000
@ resistors).

From the above problemitcanbenoted  ,  Dyaio the circiiits required.
that i *n” resistors each of value R ohms

: s e What Iappens to the effective resistance
are connected in parallel the effective Pr i

of the circuit when more resistors are

resistance of the combination, R is added
R a) in series and b) in parallel
el = ;

When two 100 ohm resistors are

connected in series we get a circuit resistance of 200 ohms because in series combination.,
R ...~ R+ R, For getiing a 50 ohm effective resistance we have to combine two 100 ohm
resistors in parallel since for parallel combination, /R . =1/R +1/R,. Hence it is clear
that when resistors are connected in series. the effective circuit resistance increases and when
connected in parallel, the eftective circuit resistance decreases.

2.6 COMBINATION OF CAPACITORS

Capacitors can also be connected in series and in parallel.

- A
+q
C, F F+
-q
* - B

G

i
L]

'
|y
"4
"4

e M I ——

+D

Fig 2.7 Serfey combination of capacitors



Capacitors in series :

Consider three capacitors of capacitances C . C, and C, connected in series across a potential
difference of *V” volts, Here the same Lharge is blﬂl'ﬂd 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’
voltages across individual capacitors.
So V=V +V+V, (1)
If the effective capacitance of the circuit 1s*C” and since
Voltage = Charge/Capacitance
equation (1) becomes
1 8- 9 4
eTg 6G
Eliminating *q” fromall the terms
[
et
C ¢ TG
Ifthere are only two capacitors connected in series
P .0y

— e —

e G 0 R
Capacitors in parallel

If three capacitors C,. C, and C, are i
connected in pﬂl’dutﬂ across a bdlth Cs
of 'V volts, the potential difference
across each capacitor will be the same. ‘o
ie .V volts, But the charge acquired by
each capacitor will be difterent, q;

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

the total charge drawn from the battery. |

9=q,7q, "9, ""
N ) . ) Fig 28 Parallel caombination of capacitors
If*C" is the effective capacitance of the
combination .

CV=CV+ CV+CV

OR



C=C+C,+C,

So the effective capacitance of a number of capacitors connected in parallel is equal to the
sum of individual capacitances.

In series combination the effective capacitance is smaller than the smallest in the combination
while in parallel connection the effective capacitance is larger than the largest in the combination.

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 sup;?.?y, find out the effective 9pF
capacitance in each case and the charge
on each capacitor

pF

pF

Solution
Effective capacitance in parallel i
C=C +C,+C,=9+9+9=27pF +|, -

Charge on a 9 pF Capacitor '
CV =9 x10-7 =x30 Fig 2.9
=27x 10 C

Total charge q = q,+q,+q. | | I
= C V4CV+CV 9pF i pE
= 3 x27= 10 C
= Jl=10n{

Effective capacitance in Series

Fig 2.1



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

q = cv
.= 3 =102 =30
= 9 < 10-1C

2.7 KIRCHHOFF'S LAWS
Analyze the circuit given in fig 2.11

The above circuit cannot be reduced to a
simple parallel or series combination as the
resistors are neither in series nor in parallel M
with each other. So such circuits cannot
be solved simply using Ohm's law. Gustav

Robert Kirchhoff proposed two general +I= -
rules for solving such networks. L
Kirchhoff’s Current law {KCL] Fie 2 1 Demonstration of Kivchlafl s fow

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 leaving the junction. Considering the
circuit givenin fig2.11

Forthe junction A, 1 =1, +1
Forthe junction B, [, = L+
Forthe junctionC, L +1, = 1,
Forthe junctionD, |, +1, =1

[f the current entering a junction is taken as positive and
current leaving the junction as negative then Kirchhoffs
current law can be stated as “The algebraic sum of currents
meeting a junction is zero™.

Consider the diagram shown in figure 2.12 in which the
current |, and I, are entering the junction *O" and the
currents I, I, and I, are leaving the junction.
Using Kirchhoft™s current law (KCL)

[+ L=LEl-L =0
Kirchhoff’s Voltage law (KVL)

Kirchhofl™s voltage law can be stated as "The algebraic
sum of change in potential around any closed loop must be zero".

Fig 212 Denranistrenion af KCL

T

&J.



Hlustration

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

Let us take the loop ABCDA and assign
anticlockwise direction for the tour starting
: A 5
from the point A, E —\WWW :
R 3

-

1. Aswemove through the cell ofemt
E,, direction is from -ve to +ve, so
E, is taken as positive. D A : -l|+ C
2. Thedirection of tour and the direc- R, L
tion of current are the same in the = E,
case of R, hence the potential dif-

e P et ’ - - * -
ff”,“,’ce across R istaken as nega & 4{‘_% > B
tiveie.-LR,. I,

EE R

3. Aswegothroughthe cell ofemf E..
direction is from positive to negative. Fig 2.13 Sign comvention for KVL
So E, is taken as negative.

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

Therefore as per KV L. for the loop ABCDA
E -LR -E,-LR, =0
Solved problem : 2.1

Find the current through each resistor in the following circuit

20 a0

AW i

32V C) N (’D 20V

Fig 2. 14



Solution

Letus solve this problem using KVL
A 20

AW

mc ] %ﬂn . CD:W

—-—

Fig 2:13
Applying KVLto loop ABEFA
-2 - 8(L,-1)+32=0
Applying KVL to loop BCDEB
-41,-20-8(1,-1) =0
we can rewrite these equations as
101-81,=32
81 +12L=-20
Which can be solved 1o get
L=4A.L,=1A
Current through 202
Current through 8€2
Current through 4€2

2.8 VOLTAGE 5OURCES

Il | 1|
LI
— o
=S | -
Ead
=

Consider a perfect battery whose internal resistance
is zero. If there is no internal voltage drop in the
battery, full battery voltage will appearacrossthe 10V —== % SKQ
load connected across it. Such a battery is an

example of ideal voltage source.

In the eircuit in 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.

.,

T

3)



An ideal voltage source produces an output voltage

that does not depend on the value of load resistance Rg I
and other quantities. Suppose the load resistance
in the above circuit is reduced to zero. then the load
current approaches infinity. But no real voltage
souree can produce infinite current because of the
presence of some internal resistance. Therefore it
should be understood that a real voltage source has
some internal resistance,

Fig 2.7
In a real voltage source the internal resistance (R,)

appears in series with the load resistance (R ). Here suppose the load resistance is reduced
Lo Zzero.

Thenusing Ohm’slaw, | =—.

2 W Rs
This is the maximum load current that the real voltage source can deliver.
The load current under normal condition

(When R, is considerable)

Vv VR

i Rg+Ry and hence the load voltage V = ﬁ
S L
Here as the load resistance (R, ) increases, the R
load voltage V| also increases. When the load S
resistance approaches infinity R<<R, and 5 -

hence R, can be neglected and the load voltage
approaches the ideal source voltage. Symbol
of voltage source 15 as shown in fig 2,18,

Mote that in real voltage source internal
resistance 1s shown in series withan ideal voltage
source .

Fig 218 fa) fdeal voltage source

2.9 CURRENT SOURCES th) Real veltuee source

A voltage source has a very small internal

resistance while a current source has a very large internal resistance. Ideally. the internal
resistance is infinity and hence the output current produced by a current source does not
depend on the value of load resistance.

(o
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.J":'I:d 218 fa) Fdeal current xinrcg
fhy Real current somnrce
The internal resistance of'a real current source is always shown
in parallel withan ideal current source.

From figure 2.20 it is clear that when the load terminals are
shorted (R, = 0) full circuit current flows through the shorted
load. Letitbe ] . As the load resistance R, is increased certain
current flows through the internal resistance also and hence the
load current is reduced. So to make load current fairly con-
stant, internal 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 supplied by house hold distnibution system is AC voltage.
In this section we shall discuss the basic differences between
direct current system and alternating current system.

Direct current flows only in one direction in a circuit. Therefore
itis also called unidirectional current flow. 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 electron flow is from negative terminal

towards the positive terminal of the battery. ie, opposite to the —AWW—

direction of conventional current flow.

Examples of sources of DC are battery, DC generator etc.
Alternating Current

Alternating Current or Voltage varies inmagnitude and its terminal
polarity reverses periodically. It means that the alterating current
will flow first inone direction and then in opposite direction. Altemating

current source is as shown in fig 2.22.

Filg 2200 Current Satirce
Wity fmfernal rexistanes
conrrected toa foad

O} T

Fig 221 DC valtage
LY TP -;.'4’:!.!HJ'I:'L'.n'-Ju|l J:H' &l
circuil

@

Fig 222 AC vollage
SORPCE n:'l'.i"]”r'.':_.'!l'.'f.lr i
o efreuit
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" In previous classes you have studied that according to Faraday's law of
electromagnetic induction, whenever the magnetic flux linked with a coil changes, an
emfis induced in the coil. As per Faraday’s second law the emfinduced is directly
proportional to the rate of change of tlux linkages. The direction of induced emifis in
such a way as tooppose the cause producing the change in flux. Consider a rectangular
loop of conducting wire of area *A” and number of turns *N rotating at a steady
angular velocity *eo” about an axis “CID" in a uniform magnetic field of srength "B, At
any instant ", let 6 = e be the angle that the normal to the plane of the coil makes
with the direction of "B, Then the area of the coil that faces (perpendicular to) the
field is ACosb.

The total magnetic flux passing through the coil at that instant is.
& = NBA cost

= NBA cosa. since 6= ox

The emfinduced in the coil.
4o N
cle

~d(NBAcosut)
dt

d(cosmt)

dt
“NBA(=csinemt) C
NBAmsino!

= - NBA

]

This equation can be represented as V =
V siner . where Vo = NBAw the peak
(maximum) value of emfand et is the phase
of the emf. This is a function of *sine” and
therefore AC wave form generated here is
a sine wave form. On rotating the coil
through 180" the induced emf or current .
increases from zero to maximum and then h

decreases to ()", When the coil is rotated "+, Normal to the area
further through 180° the induced emf or RS

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 a cycle.

()



2.11  FREQUENCY.TIME PERIOD AND PHASE ANGLE

One complete set of positive and negative half cveles can be termed as a evele. The number of
¢ycles completed by an alternating current in one second is known as the frequency (Hof AC. It
is generally expressed in Hertz (Hz) or in eyeles per second (cps). As we know the household
AC supply has a frequency of 30 Hz. The time taken by an alternating current or voltage to

complete one cycle is known as time period(T). It is the reciprocal of frequency, T= 1+

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+g), where V_is the peak or maximum amplitude, 'f
is the frequency of the wave and @ is the phase angle. If the waveform starts at zero amplitude-
the phase is zero. Ifit starts at any other value the corresponding angle will be the phase angle

of the waveform.

Graphical representation of sine wave

One cycle

Fig. 2223 Sinuseaidal waveform

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

-

0= on V=YV, sinat I=1 sin wt
0 0 0
L]
3 N: 1
:rr 0 0
In
ey -V, -1,
| 2n 0 0




2,12 AVERAGEAND BMS VALUES (WFAC

AC voltage varies with time. The average value will give the DC equivalent voltage

corresponding to the AC voltage. The average value of'a sine wave over a eycle is zero. It

can be found over a half cycle.
— T Tra

A ”{”']-[u [ sin wt dt

; . T n . Zio
On integration and then by substituting = -1: itcan be seen that =

But the average value or mean value of AC does not give accurate values 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 if we define the effective value of AC in terms of heating effect
because for both half cyeles the amount of heat developed is equal fora full cycle and it does
nol average 1o 2ero,

The RMS or Root Mean Square values of AC is defined as the DC equivalent which produce
the same amount of heat energy in the same time as that of an AC. The heat developed fora
small interval of time dt is dH= p dt. where pis the power developed in time 'dt’

Total heat energy developed fora full evele of AC is
H=[] pdt
=[; i*R at
=_|’uT Io*sin®wt R dt

On integration. it can be seen that

" R

-
r-

H =

T (1)

Ifa DC current | produces the same amount of heat
H=F RT (2)

Furs

Equating (1) &(2)

lo
i
Rms value of current or voltage of AC can also be defined as the square root of the mean of
the squares of all instantaneous values over one complete cycle.



Hlustration

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

l

W

.—*E

Fig 2.24 Instanianeous valwes of Sfusoidal Weaveform

Infig 2.24 1, L. [, etc are the instantaneous value of the current at angles 0, 0,, 0, etc. and

I, is the maximum value. Then according to the definition of rms value of current

If +I:: : S
]mh = 2“

f 1d0

2

Substituting | =1 sin © and using integral caleulus this can also be solved to get the same

result as we got earlier,
e, 1= 1/J2 and
‘FJ“"* = 1'i“lr'-"'Ilr‘«llll'-:':II

vity 3

oo

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

* How do you calculate the exact value of maximum voltage, from the
waveform obtamed on He CRO?

* s the maxinmm value greater than the transformer secondary volfage which
is6 V7

* Which among the following is the AC wvoltage 6 V' obtained from the
secondary terminals of the transformer.

(a) rms (b) average (c) maximm

>



What is the significance of rins value of
ACT

Solved problem 2.2

The instantaneous value of an AC voltage is represented by V = 141 sin (314t). Find its
frequency and rms values.

Solution
Vo = 41V
2n) = 314
= 34
f =35 = S0Hz
Vo
Vo = 5 = 141141 = 100V

2.13 CONCEPT OF IMPEDANCE

As vou know AC is preferred for all commercial and domestic purposes because AC can be
economically transmitted over long distances. Other than ohmic resistance (R) the presence
of inductances (L) or capacitances () significantly affects the flow of alternating current.
Similar to the ohmic resistance (R ) the opposition to the current flow offered by the inductance
(L) of an inductor is called the inductive reactance (X ) and that offered by the capacitance
ofa capacitor is called the capacitive reactance (X,.). Resistance, inductive reactance and
capacitive reactance are measured in ohms.

Impedance is a measure of overall opposition of a circuit to the current flow through it. It is
like resistance but it also takes into account the etfects ol capacitance and inductance.

AC circuit with resistance only

Consider the circuit in fig 2.25 in which only ohmic resistance

15 present.
Asvou have already studied the instantaneous value of voltage =
you have v 8 1 vall lage v @ § R
V=Va sin wl (1)

Since I=V/R . the instantaneous value of current through this
circuit

:“"..Si" wt/R Fig 225 AC efrcait with
POSISIONCE Oy



Since Vo /B=lo, the maximum value ol current.

the above equation can be written as
I= lo sin mt——(2)
From equation (1) and (2) it can be noted that the current and voltage are in the same
phase.
MNow let usanalyze an AC circuit with an inductor of inductance L only

AC circuit with inductance only

In the circuit given in fig 2.26. a potential difference of V=Vo sinay is applied across an
inductor of inductance ' henry. You know that according to Faraday's law of electromagnetic
induction, coil produces an induced emf'e= -dd/dt

e=-L dl/dL since ®= LI
For the above loop as per KVL

Vo sin ot - Ldl/dt =0 v@ EL
dl/dt=(Vo/L) sin ot

. VoY .,
Therefore 1=/ (5 sin wtdt
' Fig 2:26 AC circuit
with induetance: oy

Vo
Using integral calculus we get 1= = {-coswt)

But using tngonometric identity
Sin (90- ot) = cosmt
Or sin (01-90) = -cosmt
If 1 isthe maximum value of current through the inductor
=1 sin(o1-90) where lo= Vo/ Lo
The equations for current and voltage show that the current through the inductor lags behind
the voltage by 90 degree or m/2 radians.
The ratio of the peak value of voltage across the inductor to the peak value of current through
itisaconstant and is called the inductive reactance (X, ) whichis similar to the resistance.
X, =Vo/lo =Low=2xfl. where o= _2af

Therefore it is seen that the inductive reactance depends on the supply frequency. i.e.. X, is
directly proportional to the frequency. The unit of inductive reactance X is ohm ttu:lt It can
be concluded that for a purely inductive circuit the current lags h:.hlnd the voltage by 90
degrees or /2 radians

T
S

)



AC circuit with capacitance only

Inthe circuitinfig2.27 the supply voltage V=Vo sin ay is
applied across a capacitor of capacitance "C".
The charge on the capacitor at any instant

q=CVo sin ot V@D

You have already studied that the current through a
capacitor is equal to the rate of change of charge on it.

i =dg/dt=d ( CVo sin wt) /dt Fig 2.27 AC circait

using differentiation it can be seen that with cupacitance only

i1 =CVo o cosmt
using trigonometric relations
cosml = sin ( @t + w/2)
Therefore the above equation becomes
i=CVo w sin ( wt +n/2)

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

Now for a given frequency the ratio of the maximum value of voltage to the maximum value of
current for a capacitor is a constant and s called the capacitive reactance X,

Now let us discuss how the combination of 1., C and R behaves inan AC circuit.
AC circuit with resistance, capacitance and inductance
Try to analyse the circuitin fig 2.28.

Here inductor, capacitor and resistor are
connected in series across asupply of *E” volts

The amplitude of voltage across "R™, V, =1 R R

and as seen earlier it is in phase with the cur- m

rent.

The amplitude of voltage across *C*, V, =1, | I

X, which leads the current by 702 radians EQ\ —<

Now let us indicate all these voltages using a
phasor diagram (fig 2.29) in which the circuit
current is taken as reference. B

Fig: 2.28 AC circut with resisfance,
L'EIJ'J‘I’.IIL'{IH”L'L' h‘"ull J.'.I:!'ru'f.::.ffr_'r.*




W
W

‘Tt:\f
F i 2 29 Phasor affargr

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

Ve
Using vector addition principles we can find out the > 3
effective value of voltage across the combination (refer o :
fig 2.30). e :
The effective potential difference YV I
N 1
: R
Ve Vi 4 v v ;|
|
V(- VL L TP o

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

value af petential différence

V.= 1“({l,_\R}: F X~ X

= laJ{R*‘ + (X-X)3

From this equation it can be noted that the ratio of peak value of voltage to the peak value of
current is a constant for a given frequency. This constant is called the impedance of the eircuit
whose unitis ohm itself.

Soimpedance Z=V,/I, = JR® +(X_-X,)’

)



The phasor diagram in fig 2.3 1 is also called impedance = .‘)
triangle. Here (@ s the phase difference between the circuit d)
current and the etfective voltage. *

tan® =(X_-X)/R N2

In this equation if X, > X Tan®is positive,so D is ~
positive which means the current is ahead of voltage or >
the current leads the voltage. The circuit is more *

LY
capacitive. XC-KL R

Fig 231 Impedance triangle

If X.<X, tan®dis negative, so @ is negative and
therefore the current lags the voltage. The circuit is more inductive.

If X, =X, thecircuitis purely resistive.

Impedance (Z) can also be indicated in the complex form with a real part R (resistor) in
series with an imaginary part (+jX for inductor and - jX for capacitor)

Z =R+ X, ifthe circuil contains a resistor R and a coil which oflers a reactance X,

Z.=R-j X, ifthe circuit contains a resistor R and a capacitance which offersa reactance
X

l
Therefore generally for an RLC series circuit , the impedance can be obtained as
£=R J"j {Kq' XL'}
=R+ X 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 of the
circuit?
For Inductive reactance = Capacitive reaclance
X, = X
ie, 2nfl. = 1/2afC
Orf=12nvLE
At this frequency

Z =R +(X, -X, )

= R® +0
=R

So the impedance of the circuit is minimum and is equal 10 the resistance of the circuit. In this
case when the induetive reactance becomes equal to the capacitive reactance at a particular
frequency, the RLC circuit is said to be in resonance.

(3



The rate of flow of electric charges is called electric current or electric current intensity.
The work done per unit charge when a charge is moved from one point to another is
called the potential difference between the two points. Electric power is the rate of
doing this work. It is the product of voltage and current. According to Ohm'’s law V ol
or V=IR. The unit of resistance is ohms. When resistors are combined in series, the
effective resistance increases. R =R, + R, + R, +........... When these are combined in
parallel the effective resistance becc}rnt:-; less than Ihe least IR = 1/R, + /R, + /R,
e If capacitors are combined in series 1/C_ = 1/C, + ik C,+ IIC - A
and when they are combined in parallel C_ =C + C i 2 e ["DI' solving
complicated networks Kirchhofl”s laws are used. Inareal mltagt: source the internal
resistance is shown in series with the source. The equation for AC supply voltage is
represented by V=V sinotand AC current is represented by =1 sinwt. The rms
value is given by Vims = Vmax/ /2 and the average value me =2V __/m.Impedence
is ameasure of overall opposition to the AC current flow through a circuit having resist-
ance, capacitance and inductance, It is like resistance but includes resistance. inductive
reactance and capacitive reactance. Ina RLC series circuil when the capacitive reac-
tance is greater than the inductive reactance ie, X >X, .tan ®=(X - X, ) /R. is posi-
tive and so the current leads the voltage. If X <X , tan @ is negative and so the current
lags the voltage. If X, = X_ the circuit is purely resistive. The impedance Z =

JREIHX, -X, ) orinthe vector form Z=R+j (X -X ).

Learning outcomes

The learner is able to
e Differentiate the basic parameters of electricity
o Lltilize Ohm's law for solving electric circuits

e  Solveelectrical networks containing series & parallel combination of resistors
and capacitors.

e Solve networks using KirchhotT's laws

e  Explain the characteristics of ideal voltage and current sources.

e  Distinguish between DC and AC voltages.

o  Explain the characteristics such as frequency and phase angle of AC voltage.
¢  Explain the significance of rms and average values of AC

e  Explain the concept of impedance



| valuation items

Multiple choice questions
1) 1Joule/coulomb isequal to
a) | Watt b) 1Ampere ¢) lohm d) IVoh

2)  Three resistors each of value 'R’ are connected in parallel. The effective resistance will
be

a) 3R b) RS c) 3R d) None of these
3)  Iftwo Capacitors C, and C, are connected in series the effective Capacitance will be

1

a) C,+E’1 b) CC, ¢ C+C, dy MNone of these

4)  Foran ideal 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)  Foranideal current source
a)  The internal resistance is infinity,
b)  The internal resistance is negligible
¢)  As load resistance increases. the load current also increases
d)  All ofthe above are true
6)  The average value of'a sinusoidal wave withmaximum voltage V over one complete
cyele isequal to
ayVv. /2 b)2V, ~~ ¢) Zero )V
7)  Anac voltage is represented by v=100 sin (314t). The peak value of voltage and
frequency are respectively
a) 100V and 100Hz
by 50V and 50Hz
¢) 100V and 50Hz
d) 350Vand 100Hz

%) Forapurely resistive circuit the current and voltage
a) Differ in phase by [1/2
b) Differ in phase by [1
¢)  Arein phase
d)  Are vector guantitics

o



G9) The reactance of an inductor 1s

10)

1)

a)  Directly proportional 1o the supply frequency
b)  inversely proportional to the supply frequency

¢) Independent of frequency
d) None of the above are true

When the supply frequency [= rmdiC
a) X, =X,
b) X, <X.
¢y Z>=R
d X =X,
The current lags behind the voltage for

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

Key for multiple choice questions

I)d 2)b 3)a 4)a 5)a 6)¢c Tc 8¢ 9a 10)d

Descriptive type questions

1) Define the potential difference between two points, What is its unit?
2y Givethe S1unitand dimensional formula of resistance

1) b

3} Ifthree resistors R R, and R, are connected in series combination discuss their

effective resistance in the circuit.

4)  Ifthe above resistors are connected in parallel. discuss how to find out their effective

resistances.
5)  Explain KirchhofT's current law
6) Explain KirchholT's voltage law

7)  Derive an expression to find the effective capacitance of three capacitors connected

in series.

8)  Derive an expression to find the effective capacitance of a parallel combination of

three capacitors



)

10)

i)
12)

17}

18)
19)
20)

21)

22)

If"n" resistors each of value "R’ ohms are connected a) in series b) in parallel.
Discuss and compare the effective resistances in each case.

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

Explain an ideal current source.

Discuss the terms

A)Cycle B)Time period C) Frequency and D) phase of an AC signal
What is the significance of RMS and average values?

Distinguish between RMS and average values of AC voltage.

Three resistors each of value 202 are connected in series. What is the effective
resistance of the combination? Ifa 12V battery is connected across this circuit,
find out the potential drop across each resistor (neglect internal resistance)

Three resistors cach of value 15Q are connected in parallel. What is the effective
resistance of the combination? [fa battery ol 20V is connected across the circuit
find the current through each resistor and the total current drawn from the battery.
'n' resistors each of value 'R'C} are to be combined to get (i) maximum effective
resistance (i) minimum effective resistance,

a) How will vou do these? b) What is the ratio of maximum to minimum resistance?
A 220v. 50Hz AC supply is applied to a circuit of resistance 10002, What is the
RMS value of current in the circuit? What is its maximum value?

An AC supply voltage is represented by v =100 5in 100t. Find a) RMS value of
voltage b) average value of voltage ¢) supply frequency  d) lime period.
Obtain the equation for impedance of a RLC series circuit.

You are given the tangent of the phase angle between the resistance R and the

impedance 2 of a RLC series circuit. Are vou able to find out whether the circuit
is purely resistive. more inductive or more capacitive? How?

A 100C resistor, a S0mH inductor and a 20 uF capacitor are connected in series
across an AC supply of 230V 50Hz. Calculate the impedance of the circuit,



3.1

32

33

34

33

36

37

38

39

INTRODUCTION

ENERGY LEVEL DIAGRAM

ENERGY BANDS IN S0OLIDS

CLASSIFICATION OF SOLIDS

BONDS IN SEMICONDUCTORS

COMMONLY USED SEMICONDUCTORS

TYPES OF SEMICONDUCTORS

INTRINSIC SEMICONDUCTORS

EXTRINSIC SEMICONDUCTORS

N-TYPE SEMICONDUCTORS

3.10 P - TYPE SEMICONDUCTORS

3.11 CHARGE CARRIER TRANSPORTATION

IN SEMICONDUCTORS

SOLID STATE
FUNDAMENTALS

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 early
nineteenth century. The most commonly used
semiconductor materials are Silicon(Si) and
Germanium (Ge). There are compound
semiconductors like Gallium Arsenide (GaAs) and
Gallium Phosphide (GaP) which are built with two
different elements, Gallium and Arsenic. Such
composite semiconductors have special electrical or
optical properties.

In nineteen fifties. Germanium was the most
commonly used material. However, it is not suitable
for high temperature applications. Later Silicon
became the more preferred material than Germanium
because of its better temperature stability. lower cost,
strong erystal structure and availability.

31 ENERGY LEVEL DIAGRAM

According to Bohr's atom model. each electron orbit
has a fixed amount ofenergy associated with it 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 electrons possess more energy than the inner
orbit electrons. In anisolated atom. the energy levels
ofelectrons 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) ofan isolated atom. E represents
the energy level of the first orbit , E, that of the
second orbit and so on.



Fig. 3.1 Structuee of an atom Fig 3.2 Epergy live! 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 surrounded by negatively charged
electrons revolving in different fixed orbits. The number of
electronsin each arbit is fixed. Hence the number of electrons
inanisolated atom that can possess a particular energy value is
also fixed.

ame

3.2 ENERGY BANDS IN SOLIDS

So far we have considered electron energy levels in a single isolated atom. Atoms of 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 togetheras in
salids, When atoms come closer the outer orbit electrons come close together and even
overlap. Because of this interaction the energy levels are split up. These energy levels are
discrete but closely spaced forming almost a continuous range of energy called energy band.
We also know that the number ol electrons in the outermaost 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 electrical conduction.

Ceonducrion hand

F

Jorbidden Encrgy gap (Eg)

Vafence bond

Fig, 3.3 Enersy band dicgram



Valence Band

The electrons in the outermost orbit of an atom are called valence electrons. The energy band
occupied by the valence electrons is called valence band. The valence band may be either
completely filled or partially filled. but can never be empty.

The range of energies possessed by valence electrons is known as valence band
Conduction band

The electrons which have lefi the valence band are called conduction electrons, The
range of energy oceupied by these electrons is called conduction band. This band lies next to the
valence band. It may be either empty or partially filled with electrons. In conduction band.
electrons move freely and conduct current through the solid.

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

energy gap (band gap. E ).

The width ofthe energy gap is a measure of the bondage of valence electrons to the atom. The
ereater the energy gap. the more tightly the valence electrons are bound to the nucleus. In order
to push an electron from valence band to the conduction band, external energy equal to the
forbidden energy gap must be supplied.

- cofduclion b
>
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Fig. 3.4 Energy band diceram of Germanitn



3.3 CLASSIFICATION OF SOLIDS

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

& » &
Conduction Band
2 Electron
& & Conduction Band | &
E Band gap g e E ° onduction Band
< Band gap ° o * & o
[-] [-] =) ! & -
o e e e o ° H ° - 9
©  ®Valance Ba e ®Valance | © Valance Ba
Insulator Semiconductor Conductor
Fig, 3.5 Ergroy bund diggram of sof iy
Insulators

As shown in Fig 3.5 the insulators (eg. Wood, Glass) have a large forbidden energy gap. The
clectrons are found only in valence band at room temperature.

To achieve conduetivity, 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
by 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 difference across the conductor is enough to move the free electrons
resulting in electric current.

Semiconductors

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

In terms of energy bands, semiconductors at room temperature have a very narrow forbidden
energy gap. At 0'K. there are no electrons in the conduction band of 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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Create a 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,
Insulator,Semiconductor, Continwous current flow, No current flow, Partial
conductivity.

*  From the table note dotwn your observations based on what you
have learned in the above section.
. Wiiich material rubber, copper or silicon needs the highest

amount of energy to move an electron from the valence band to
the conduction band? Wy is it so?

Now check whether your table mmatches with that given below.

Conductor Insulator Semiconductor
Copper Rubber " Silicon

Valence band and Energy gap very large(=3eV) Energy 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 BONDS IN SEMICONDUCTORS

The atoms of every element are held together in a molecule by the bonding action of 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
outermost orbit is incomplete. In order to acquire 8 electrons in the outermost orbit, atoms share
electrons with other atoms. To do so. the atom may donate, accept or share valence electrons
with other atoms. In semiconductors, bonds are formed by sharing of valence electrons. Such
bonds are called covalent bonds. In the formation of covalent bond, each atom contributes
equal number of valence electrons and the contribited electrons are shared by the atoms engaged
in the formation of the bond.
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Fig 3.6 shows the covalent bonds among germanium atoms. A germanium atom has four valence
electrons, There is a tendency in each germanium atom to have eight electrons in the last orbit.
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 eV and for Siitis 1.1 eV.

(iy  Germanium: Germanium is an earth element and is recovered from the ash of certain
coals. Generally recovered Germanium is in the form of germanium dioxide powder which is
then purified by chemical reduction techniques.

The atomic number of Germanium is 32, Therefore. 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). Itis clear that Germanium atom has
four valence electrons making it a tetravalent element.
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Fig 3.7 Atomic strwernre and bonding of Germanium
(ii)  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 electrons are in the first orbit, eight electrons in the
second orbit and four electrons in the valence orbit. It is clear that silicon atom has four valence
electrons. that is. it is tetravalent. Fig. 3.8 shows how various Silicon atoms form covalent
bands.

".‘-*'—--h

Fig. 3.8 Aromic structare and bosding of Si



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. At0"K itbehavesas
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. Holes in the valence band, can be filled by other electrons in the
valence band. This results in movement of holes in the valence band. These holes can be
viewed as positive charge carriers.

In intrinsic semiconductor the number of holes in valence band is equal to the number of free
electrons. The free electrons exist in conduction band and holes exist in valence band.

Movement of Holes in Semiconductors

If an electron in the valence band gets sufficient energy. it can jump across the forbidden
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 15 released. A hole 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’" jumps into the hole in 'B' and so on. In this way a suceession of electron
movement takes place. So we can say that the hole is moved from 'A'to 'C". Even if'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. It means that hole movement takes place in valence
band only. No additional hole is created if an existing hole is filled by an adjacent electron.

Let us conclude the above facts as follows:
. Holesexistin 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 (ast as the holes.



3.8 EXTRINSICSEMICONDUCTORS

As you have seen earlier. a pure form of semiconductor is a bad conductor of electricity because
of the absence of charge carriers which are free to move about. Therefore inorder to have
conduction, more free charge carriers have 1o be ereated in the erystal structure. This can be
achieved by adding suitable materials (impurity) to pure semiconductors. Impurity added
semiconductors are called extrinsic semiconductors. The process of adding impuritiesto 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. If 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 electrons) creates holes in the crystal. Depending on the
type of impurity added, extrinsic semiconductors are classified into:

(i) N-type semiconductor
(i) P-type semiconductor
3.9 N-TYPESEMICONDUCTORS

N —type semiconductors are obtained by adding pentavalent impurities (Bismuth, Antimony.
Arsenic and Phosphorous) to a pure semiconductor. The four valence electrons of impurity
atom form covalent bond with four neighboring semiconductor atoms and the fifth 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-type semiconductor are
known as donor impurities because they donate or provide free electrons to the semiconductor
erystal., =

Fig. 3.4 N tvpe semibcondictor

In an N- tvpe 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. Free electrons are much more in number and so they can be termed as
majority carriers and holes are comparatively much less and hence they can be termed as the
minarity carriers. Therefore 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 are obtained by adding trivalent impurities ( Boron, Gallium. Indium,
Aluminum) to a pure semiconductor. The three valence electrons of impurity atom form 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
are known as acceptor impurities, because the holes created can accept the electrons.

Fig 200000 e semiconauetor

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 electrons created because
of thermal agitation. Free holes are much more in number and 5o 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 excess in the context
means that the number of electrons is more than that required to fill the valence band. It does
not mean that the total number of electrons is more than the number of protons. So P type and
N type semiconductors are electrically neutral.

311 CHARGE CARRIER TRANSPORTATION IN SEMICONDUCTORS

The movement of charge carries in semiconductor material is classified as diffusion and drift.

Cé



Diffusion is a charge transportation mechanism taking place because of the concentration gradient.
On the other hand the drift in a charge carrier movement is under the influence of an electric
field. Majority carriers have both drift and diffusion transportation whereas minority carriers
undergo only drift,
 Activity?
Complete the following table.

N type semiconductors P type semiconductors

Pentavalent impurity atoms are added 1o
inirinsic semiconductors
Excess holes improve conductivity

Holes are minority carriers
* 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 yvou can verify whether your solution matches with the following.

N type semiconductors - P type semiconductors

Pentavalent impurity atoms are added fo  Trivalent impurity atoms are added
Hntrinsic semiconductors to intrinsic semiconductors.
‘Excess electrons improve conductivity Excess holes tmprove conductivity
\Holes are the minarity carriers Electrons are minority carrviers

By doping charge carriers are ¢reated 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
valence band and the conduction band is called forbidden energy gap. Classification of
materials such as conductors, insulators and semiconductors can be explained using energy
band diagram. The conductivity of intrinsic or pure form of semiconductors can be improved
by doping. Ifthey are doped using pentavalent impurity N type semiconductors are formed.

If doped with trivalent impurity we get P type semiconductors.
_65)
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Learning outcomes

The learner s able to :

e Draw and explain the structure of'an atom.

e [xplain the energy bands in solids and classification of solids.

e  Explain the properties ol semiconductors and their significance.

s  Explain the need for doping and how is it done.

»  Classify semiconductors on the basis of doping.

¢  Explain the formation of majority and minority charge carriers,

e Explain how the charge carriers affect the current conduction through

semiconductors

€valuation items

Multiple choice questions

1

2)

3)

4)

5)

6)

(6

The P-type semiconductor

a) has positive charge b) has negative charge c) is electrically neutral d) has either
positive or negative charge.

Minority carriers in N- type semiconductors are
a)electrons  b)holes ¢)neutrons  d) positive ions
For metals the forbidden energy gap is
a) <3eV b)in between 3eV & 9 eV ¢)=3eV d)9eV
When Germanium crystal is doped with Phosphorous atoms, it becomes

a) a P type semiconductor b) an n type semiconductor ¢) an intrinsic
semiconductor  d)aconductor

The deficiency of an electron in an atomic structure is a

a)valence electron  b) hole ¢} free electron  d)negatively charged ion
Major part of the current in an N type semiconductor is due to

a) conduction band electrons  b) valence band electrons

¢) holes in the valence band d) thermally generated electrons
Addition of pentavalent impurity to a semiconductor creates many

a) free electrons  b) holes ¢) valence electrons
d) intrinsic semiconductor



) AnN-tvpe semiconductor is
a) positively charged b} negatively charged
¢) electrically neutral d)none of these
9y When an atom looses an electron, the atom
a) becomes a positive ion b} becomes a negative ion
¢) becomes electrically neutral  d) is then free to move
10} The forbidden energy gap of Silicon is
a) 0.7eV  b) DeV ¢) 0.3eV d)l.leV
Key for Multiple choice questions

e 2)b 3)a Hb 5b 6)a Tya 8)c Da lhd

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.

Explain the 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 ol adding an impurity to an intrinsic semiconductor.
What are the majority carries in an N-type semiconductor?

What do vou understand by intrinsic and extrinsic semiconductors?

-

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

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
special fabrication technique. When a P-type
semiconductor is suitably joined to an N-type
semiconductor, the contact surface is called
P-N junction. Most semiconductor devices contain
one or more P-N junctions. P-N junction is very
important because, in effect, it controls the behavior
of semiconductor devices.

4.1 PROPERTIES OF P-TYPE AND
N-TYPE MATERIAL

Before going into the details of P-N junction

ok formation, let us go through the properties of P-
type and N-type semiconductors. Inthe Fig. 4.1, lefi
side material is a P-type semiconductor having
negative acceptor lons and positively charged holes.
The right side material is N-type semiconductor
having positive ions and free electrons. Comparison
of P- type and N-type materials is given in table 4.
below.

P-type N-type
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P-type material N-type material

s Semiconductor material is doped with ¢ Semiconductor material is doped
acceptor impurity atoms. with donor impurity atoms.

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

concentration

o (Concentration of free electrons in o  Concentration of holes in N-type
p type material is very low. material is very low.

« Contains negatively charged acceptor e Contains positively charged donor
ions (immobile) and positively 1ons (immobile)and negatively
charged holes (free). charged electrons (free).

Tible 4.7 Comparicon uf P<tvpe and N-mwpe semicondnieiors
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
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Fig 4.2.PN junction

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

I.  Holes from the P region diffuse into the N region. Then they combine with the free
electrons inthe N region.

P

Free electrons from the N region diffuse into the P region. These electrons combine
with the holes in the P region.

3. When a hole is moved from the P-side towards the junction, there forms a net
negative charge at the P-side due to the presence of immobile negative ions.
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4. Whenan 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 immabile positive jons.

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.

P B

It should be noted that outside the barrier on each side of the junction the material is still neutral.
Only inside the barrier, there is a positive charge on the N side and a negative charge onthe P
side. This region is called depletion layer or space charge region. It is so called because the
mobile charge carriers (free electrons and holes) have been depleted.

Fig. 4.3 shows the depletion laver 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 harrier to the other side is referred to as the width of the barrier. With no external batteries
connected., the barrier is of the order of fractions of a volt. Fora Silicon P-N junction. the barrier
potential is about 0.7V, whereas for Germanium P-N junction it is approximately 0.3V.
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Semiconductor Diode

A semiconductor diode is an electronic device which is basically a PN junction. The Fig. 4.4
shows the PN 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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P-N Junction representation

LA}

Daphetion region

Anode Cathode

Schematie symbol
()

’/ Stripe marks cathode

I8 - I Feal component Appearence

FJ}" 4.4 Dinde

4.3 P-NJUNCTION BIASING
AR fi‘- ] Bul
Take a semiconductor diode and connect with a battery of 3V or M
above and DC bulb (torch bulb) in series as shown in the Fig. 4.5,
* Does the bulb glow tn the circuit?

* If yes, do you agree that the diode connected in this * )=
manner conducts current or il acts as a closed switch? ar,u.,,
When the diode is connected in this manner the lamp glows. hf},;:fﬂ:ﬁm
Thismeans the diode is conducting and the current is flowing aub

in the circuit.
n— Dioda

Now connect the diode in the circuit with its terminals reversed
as shown below when the two terminals of the diode are
reversed. Itis shown in Fig. 4.6. -

*  Dogs the bulb glotw in this circuit? Sattery
Fig 4.0 Reverse

* If not, what does 1t infer? higsed diode

When the diode is connected as in fig. 4.6 the lamp does not glow. It means no current is
Nowing in the circuit although the battery is present. The diode does not permit the current

flow.
W,



From the above activities we find that a diode conducts in one direction only. The unidirectional
conduction property of a diode finds much application in electronics. 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 o be forward biased.

When the P-N junction is forward biased. the holes repel due to the positive potential of the
battery and are forced to move towards the junction. The electrons are repelled from the negative
terminal of the battery and drift towards the junction, Because of their extra energy (due to the
applied voltage) some of the holes and free electrons penetrate the depletion region, this will

P-type N-type
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Fige 4.7 Forward bigsed PN frection

reduce the potential barrier. Then more majority carriers drifi across the junction, Once the
potential barrier is eliminated (ie when the applied voltage becomes equal to the barrier potential)
by the applied voltage, junction resistance becomes almost zero and a low resistance path is
established. This results ina 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 connected 1o the N side of the diode and the negative
terminal 1o 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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The holes in the P region are attracted towards the negative terminal of 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
more difticult for the majority carriers to diffuse across the junction.

In earlier chapters we have seen that a few minority carriers are also generated due to thermal
agitation. As soon as a minority carrier is generated it is dritted across the junction because of’
the applied voltage. The rate of generation of minority carriers depends upon the temperature.
If'the temperature is fixed, the rate of generation of minority carriers remains constant. Therefore
the current, dug 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 carriers is less and is of the order of nano amperes in
silicon diode and micro amperes in germanium diode. This is one of the reasons for which
silicon diodes are more preferred than germanium diodes.

4.4 V-ICHARACTERISTICS OF A P-N JUNCTION DIODE

Fig. 4.9 shows the V-I Characteristics of a P-N junction diode. It is the graphical representation
of the relation between voltage across the junction and the current through the diode. Usually
voltage is taken along x -axis and current along y-axis.
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Fig. 4.10 shows the circuit arrangement for determining the V-1 characteristics of a P-N
junction.

-

Fig. 410 Cirewir arvangement for forvard charoeteristicy

— 3
Using your school laboratory select meters of appropriate ratings and assemble
a circuit as shown in Fig. 4.10. Increase the input voltage from zero onwards
and note down the corresponding meter readings and draw the forward
characteristic curve of the Si diode.

*  What are the voltage and current ratings of voltmeter and ammeter selected
respectively? Can you select a 0-250 V voltmeter and 0-10A ammeter? Why?

*  Verify whether the curve obtained matches with that given in the following
section,

In the above circuit the maximum voltage across the diode to be measured is
less than 1V, For this ifwe select a 0-250 V voltmeter it is difficult for us fo note
the reading. The Current through the diode expected is only of the order of milli
ampere, So if we select 0-10A ammeter, the reading on the anmeter may not be
properly readable. That is why we should select melers of appropriate range.

(%



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 barrier potential. As
we approach 0.3v for Ge and 0.7v for Si, larger number of free electrons and holes start
crossing the junction. Above that vollage even a small increase in the voltage produces a sudden
increase in the current, The voltage at which the current starts to increase rapidly is called cut
in voltage or knee voltage. Here the P-N junction behaves as an ordinary conductor.

Iy (mA) Forward bias

80
60

40

20

0.2 04 06 08 (v

Fig £ Crr tovoltases of 5 and Ge

From the graph (Fig. 4.11) it is noted that for a silicon diode the cut in voltage is approximately
.7V whereas for a germanium diode it is about 0.3V,

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 if'a diode acted as a perfect conductor when forward biased and as a
perfect insulator when reverse based. The V-1 characteristics of such an ideal diode would be
as shown in Fig. 4.12. An ideal diode acts like a switch. The forward biased diode acts asa
closed switch and offers zero resistance whereas the reverse biased diode acts as an open
switch and offers infinite resistance.
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Static and Dynamic Resistance of a Diode

No diode can act as an ideal diode. A diode does not behave as a perfect conductor when
forward biased It offers small resistance when forward biased. Fig. 4.13 shows the forward

characteristics of' a typical silicon diode.
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Fig. 413 forward characteristios of a sificon diole
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 of the DC voltage across the diode 1o the DC current flowing through it.

It is clear from the Fig. 4.13 that the dec resistance of 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,

% Change in Current Al -1,

Note:- The Greek letter A (Delta) means: " a change of . So Al is the change in current.
Generally it indicates a small scale,

Reverse Bias Characteristics

To obtain the reverse bias characteristics we use the same circuit with few changes as shown
in the Fig. 4.14. First we reverse lhﬂenninﬂ_:_s ofthe diode. Second the milli ammeter is replaced
by a micro ammeter. -

* A

. P”__ R

|'|+

Fig 4. 14 Civewit arrdagement for reverse characterisiios

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 circuil.
However in practice very small current flows in the circuit as shown in Fig. 4.15 and itis due to
the minority carriers.

g -100 -50 0
[—_ o Silicon 4
Germanium 2
Reverse
bias Ip(uA)

Fig. 4,15 Reverse charactiristics of Siand Ge diodes
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If the reverse voltage is increased continuously the kinetic energy of electrons may become
high enough to knock out electrons from 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 of barrier region . This may destroy the junction permanently.

4.5 JUNCTION BREAK DOWN

If the reverse voltage applied to the P-N junction 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 canse junction break down.
1. 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 voltage, there forms an electric field in the depletion region. The
minority carriers which are thermally generated acquire energy from this electric field 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 offers
very low resistance, This cumulative phenomenon is called avalanche multiplication, This leads
to the breakdown of 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 voltage sets up a very strong electric field across this narrow region
and this field is strong enough to 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.

S |
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Avalanche breakdown Zener breakdown

|. This occurs at junctions which are = 1. This occurs at junctions which are

lightly doped and have wide depletion heavily doped and have narrow
layers. depletion layers.

2. Hereelectric fieldisnotstrongenough 2. This breakdown voltage sets a very
to produce Zener breakdown. strong electric field across this narrow

laver.

3. Here minority carriers collide with | 3. Here electric field is very strong to
semi conductor atoms in the depletion rupture (break) the covalent bonds
region, which breaks the covalent thereby generating electron hole pairs.
bonds and electron-hole pairs are So 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 oceurs above 6V, 4, Zenerbreakdown occurs below 6V,

Table 4.2 Comparison of Avalanehe breakdown and Zéner breakdown

4.6 ZENER DIODE

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 for a diode
to be properly used even under breakdown condition it will help us to improve several electronic
devices and circuits. Such a specially designed diode is called the Zener diode.

Zener diodes are 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 1o the breaking of covalent bonds by the strong electric field set
up inthe depletion region. It produces extremely large number of holes and electrons which
constitute the reverse saturation current called Zener Current | . 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.




A properly doped crystal diode which has a sharp break down voltage is known as a zener
dinde. Appearance

—dl—

Schamatic Symbol

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
inte 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.

+I5
Forward
Currant F
Forward
Bias
Region
Reverse Bias "2
-
Ve - > Ve
i = . Forward Bias
I£~1 i) e
03-0.7v
*Zener” Breakdown
Region
Iygmay J— — — — — 1 v
' Raverse
Constant Currant
Zener Voltage -1
Fig d. 17 Vol characterisfics af a zener diode
The following points may be noted about zener diode:-
. AZenerdiode is like an ordinary diode except that it is properly doped so as to have a
sharp breakdown voltage.

2. AlZenerdiode is always reverse connected i.e. it is always reverse biased.

L]

A Zener diode has sharp breakdown voltage called Zener voltage Va.

4. When forward biased its characteristics is same as that of an ordinary diode.

ﬂx
\:.



5. Thereverse breakdown voltage of a Zener diode is small compared to 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 references 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, It consists of a resistor connected in series with the input voltage and a
zener diode connected in parallel with the load.

The working of this circuit is explained below.

Unregulated
power
supply

Fig, 418 Lener Vaftape Regularor

The voltage regulator utilises the property of the Zener diode that when the breakdown is
reached the voltage remains constant. At the same time the current through it varies as the
applied voltage changes. When the input voltage varies above V, of the Zener diode. it will be in
the reverse breakdown and the output voltage [which is same as V| remains 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 |, increases.

L=[V,-V,J/R,

Butl =1L +1 .Asl increases. |, increases keeping [ constant. Thus output voltage remains
constantas V =1 xR . When input voltage decreases, the current | decreases and hence 1,
decreases keeping I, constant. As I, 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.

8l )
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A PN junction is generally known as a diode. When a PN junction is formed. the charge
carriers diffuse across the junction and due to 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 forward 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 conduets
very large current and gets damaged. The Zener diode is a specially designed diode to be
used under reverse biased condition after break down, This diode can be used as a voltage
regulator because its output voltage is constant.

The learner is able o

e Draw and explain the structure of an atom.
e Explain the effect of movement of charge carriers in a P-N junction.
e [xplain how barrier potential is set up in a P-N junction.

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

e Draw and explain 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.

e Draw the circuit diagram and hence explain the w{}rking of Zener diode and its
characteristics,

s Demonstrate and thus explain the working of Zener diode voltage regulator.

% Evaluation items

Multiple Choice Questions

The forward voltage drop across asilicondiode isabout........oocneis

(a)2.5V  (B)3V  (¢) 10V (d) 0TV

Anideal diode is one which behavesasaperfect........ooiviiinninn when forward biased
(a)conductor (b)insulator (¢)resistance material (d) none of these

The leakage current in a diode is due 10 cvevneen.
(a) minority carriers (b) majority carriers (¢) junction capacitance (d) none of these



If' the temperature of a diode increases, leakage current will................
(a) remain the same (b) decrease (c) increase (d) become zero

If the doping level ofa diode is increased the breakdown voltage.............

(@) remains the same  (bjis increased (c) is decreased (d) none of these

The knee voltage for a crystal diode is approximately equaltothe .................

(a) applied voltage (b) breakdown voltage (¢) forward voltage (d) barrier potential
AZenerdiodeisalways ...l biased.

(a) reverse (b) forward (c) either reverse or forward (d) none of these

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

A Zenerdiode has ............. breakdown voltage.
{a) undefined (b)constant (c)zero (d)none of these
Zenerdiode is .oovvniieiinianns doped than ordinary diode.

(a) lightly (b)heavily (c) moderately d) none ofthese

Answer Key:

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

Descriptive type guestions

Explain the formation of a depletion region in an open circuited P-N junction.
What do you understand by an ideal diode? Draw its V-1 Characteristics.
Describe the action of P-N junction under forward bias and reverse bias.

Explain how unidirectional current flow is possible through a diode.

ool W b

Explain the V-1 characteristics of diode.
6. Explain the mechanism of Avalanche breakdown and Zener breakdown
Explain any one application of a Zener diode.

8. 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 TkW load.

Y. With V-l characteristics show how Zener diode is used as voltage regulator,
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INTRODUCTION

The transistor is a fundamental building block of
modern electronic circuits. It is a semiconductor
device with three terminals. Following its
development inthe early 1950s, the transistors have
caused the fast development of electronics. It has
led to the invention of smaller and cheaper radios,
calculators, computers and the vast arena of
electronic equipment we see around us,

Have vou ever seen a transistor? Different types of
transistors are shown in fig.5.1. Do you know how
many terminals a transistor has? In fig 5.1 different
packages of transistors are shown'. We can observe
that transistor is a three terminal device.

Fig. 3. Diflerent tupes of transistors
Although several companies produce over a billion
individually packaged (known as discrete) transistors
every vear, a vast majority of transistors are now
produced in integrated circuits (1Cs). along with
diodes. resistors. capacitors and other electronic
devices. We know that diode is a two terminal device
and has two semiconductor regions'. Can vou say
how many semiconductor regions transistors have?

Transistors are commaonly used for amplification and
switching., Amplifiers are used to increase the
amplitude of a signal (e.g. in public address system
amplifiers are used to increase the loudness of the
sound signal or audio signal ). Switches are used to
make adevice or system ON or OFF using electrical

signal.



The word "Transistor’ was developed from the terms 'trans’ which means transfer and 'istor’
which means resistor. Therefore "Transistor means transfer of resistance from input terminals
to the output terminals, The resistance across the input terminals (input resistance) and that
between the output terminals (output resistance ) can be controlled by changing the voltage
given to the transistor terminals. This feature allows us to use transistors for various applications
like amplification, switching etc.

5.1 BIPOLAR JUNCTION TRANSISTOR (BJT)

Aswe have already studied a P-type and an N-type semiconductor when joined together, a
PN junction or diode is formed and its electrical properties are different in forward bias and
reverse bias. In a bipolar junction transistor (BJT) there are two PN junctions. We know that
in P-type semiconductors holes are the majority carriers and in N-type semiconductors electrons
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 tvpes of semiconductor layers used, B Ts are classified into
! NPN Transistor

2 PNP Transistor

emitler ===+ T collector c el .
o) |-l = - (€} ol b M EA 5SS ()
e | L b 0 Jeesdaly ote g
'EE_:E:. ‘-.._. AL N ETETT Y
hase :::: Jrrren
X e
(v} base
e b)
symbod
Fig 3. 2.0 n-p-n Transistir Fig.5.2.b pen-p Transivior
I ] s

? 7 7
| I

TR, _J-_‘

Fig 5. 2oe nepen Transistor (Cross - section)

"' The name diode 15 derived from the fact Huad it has twe electrodes - 'di’ meaning twe and "wde’ for
electrode. Transistor is Hwe senicondictor version of frivde (vacueon bube), which is derived frons
"brr' aed "ode'.

* Trtststors in which current condnction is caused by mry one type of charge carviers are referred
to as unipolar trmsistors, T.i'a.:'ﬁu{d-u_ﬁérd transistors (FET) are examples which we will sty in
the forthconning chapters
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When a P type semiconductor layer is sandwiched between two N-layers, the transistor is
known as n-p-n transistor (fig.5.2.a). Similarly. when an n-layer is sandwiched between two
p-lavers, the transistor is known as p-n-p transistor (fig.5.2.b). fig.5.2.c shows the cross-
section of npn transistor. Transistors are made either from Silicon (Si) or Germanium (Ge)
crystal.

A'Transistor (n-p-n or p-n-p) has the following regions

(i) Emitter: This region of the transistor emits charge carriers. It is more heavily
doped in comparison to other regions. The physical size of this region is in between
that of collector and base regions.

(ii) Base: Base is the middle region of'the transistor which is lightly doped and physically
very thin, This region accepts some of the charge carriers by recombination and
passes most of the carriers to the collector region.

{iii) Collector: The collector region collects majority of the charge carriers from the
emitter region through the base. This is moderately doped. The collector region is

made physically larger than the emitter region. This is due to the fact that the
collector has wo dissipate more heat.

In the transistor symbol, arrow head is there at the emitter, which indicates the direction of
the conventional current flow. i.e., in the case of n-p-n transistor it is from base to emitter
(base is positive with respect to emitter), while in the case of p-n-p it is [rom emitler to base
{(emitter is positive with respect to base).
The following are some important points about a transistor —

«  Emitter layer is heavily doped. It has the largest number of charge carriers.

« Areaofemitter layer is medium.

«  Areaofbase layeris the smallest. It is a very thin layer.

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

+  Areaofcollector laveris the largest.

»  Collector layer is moderately doped. It has medium number of charge carriers.

o  The junction between collector layer and base laver is called Collector-Base junction
or C-B junction.

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

Make a matching table of the structure of a B]T using the following

twords.

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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* Do you agree that the recombination occurring in the base region
is very less? If so why?

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

Emitter Base Collector ]
Heauvily 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. So it has a very less
niumber 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 of the battery is connected to the anode of the diode and
the negative terminal of the battery is connected to the cathode of the diode, the diode is
forward biased. When the positive and negative terminals of the battery are reversed it is
reverse biased.

The different electrical properties in forward and reverse bias make the diode useful asa
unidirectional device.

Similarly a transistor should also be biased for making it useful 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
different modes of operation for a transistor.

Emitter- Base (E-B) Collector- Base (C-B) Mode of Operation
Junction Junction
Forward Reverse Active
Forward Forward Saturation
| Reverse Reverse Cut-Off |

First we shall see the active mode of 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 purpose a battery V,__is connected

1)



between the emitter and the base and a battery V__ is connected 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 connecting the positive terminal of 'V, to the emitter and negative terminal to the base.
The collector base junction is reverse biased by connecting the negative terminal of V__to the
collector and the positive terminal to the base.

Similarly for n-p-n transistor. (Fig.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 i Collector
uy (I 4 N P = N P N
| = T = T =
i Forward Revursel v | Forward Reverse /M
E Bias I Bias '°© | Bias lg Bias I¢
*i H L i 1 L A
I L] 'I L L] I | I
V EE Vece VEe Vecc
{a) (b)

Fig 5.3 Transistor bigsing

Fig.5.3 shows the conventional low of currents in a transistor. The emitter terminal of the
transistor emits charges which results in the emitter current (1), Some of these carriers are
recombined in the base region which causes the base current ( l } to flow. Most of'the carriers
are collected by the collector region which constitutes the cc]lccmrcurrem (1.).

Supply voltage is nomed aecording o which ternunal it 1s cormected to and is denoted by
darble subscripts. For 1‘.1'rmr;:h* V., means it is a source voltage and it is connected tn the
emitter ternninal, "-iirm'}ar.h;, means source volbage which is connected i the collector, The
ooltuge across the function is o deriated by double subscripts, and the more positive terminal
i written first. In transistor Hie voltage across the emittér and Hie base function is written as
'I,r'r wihich denates the base voftage with reference to e emitter. Simdlarly, the voltage across
e collector aud the base junction is writfen as V_which denotes the voltage ab collector with
reference to the base.
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5.3 WORKING OF NPN TRANSISTOR

In the N-P-N Transistor the emitteris connected to the negative terminal of the battery V
for making it forward biased and the collector terminal is connected to the positive terminal of
the battery V__ for making it reverse biased (fig.5.4). I_is the current flowing through Emitter
terminal of the transistor, [ is current flowing through the base and 1_is the current flowing
through the collector.
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Fia. 5.4 NaPaN Transistor
In the N-Type emitier the majority carriers are free electrons. So, the negative terminal of V.
repels the electrons of the emitter region and the positive terminal of the battery (V)
attracts the electrons emitted by the emitter. Since the emitter junction is forward biased. the
potential barrier at this junction is reduced and so the electrons supplied by the emitter start
moving towards the base. This constitutes the emitter current | . As the base region is very
thin and lightly doped. only some of the electrons emitted from the emitter recombine with the
holes, which are the majority carriers in this region. This constitutes the base current [ The
injected majority carriers from emitter to base become minority carriers in the base region.
This minority carriers can drift through the reverse biased collector - base junction and reach
the collector region and constitute the collector current I .

=1, +1

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. for making it reverse biased as shown in fig.5.5, [ is the current flowing through
the emitter terminal, 1 is the current flowing through the base and 1. is 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 emitier 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

B/
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Fig 5.3 PN Transistor

emitter current [ During the motion from 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
base current I, The rest of the holes are able to reach the collector which produces collector
current 1.

5.5 TRANSISTOR CONFIGURATIONS

When a device is used ina circuit we need two terminals each to connect the input signal and
the output signal. As the Transistor 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 commeon to both the input and output. In each method
of connection, the circuit responds differently to the input signal, because the characteristics of’
each configuration is different. The three transistor configurations are

«  Common Base Configuration (CB configuration)

. Common Emitter Configuration (CE configuration)

«  Common Collector Configuration(CC configuration)
Common Base (CB) Configuration

In Common Base configuration the base

is. common to both the input and the ——
output (fig.5.6), The mput signal is applied

between the emitter and the base terminals

and the output is taken across the collector

and the base terminals. The base terminal |

is grounded or connected to a fixed | "
reference voltage. Vs

Fig. 5.6 Common Base (CB) Configurution
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Vv

(1]

R

V'l

[nput voltage = Vg Output voltage

I

Input Current I Output Current

E

Input resistance (R ) Vi/l.  Outputresistance (R )

In the expression for input resistance, numerator V,_ is 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 o (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 ) 1s the input current and the collector
current (1) is the output current. Therefore in CB configuration current gain is the ratio of the
collector current (1) to the emitter current (1.). It is denoted as alpha (o).

I,

o=-=
I,

As we know, the emitter current is always greater than the collector current. So the value of
alpha (o) is always less than unity. The practical values in the commercial transistors range
from 0.9 10 0.99.

Expression for total collector current

From the above equation for c.. collector current I, is o times 1. We know that when a
transistor is in its active mode of operation, the collector base (CB) junction isreverse biased.
Soevenwhen =0 some current will flow through the collector because of'the presence of
minority charge carriers and this current is called reverse saturation current I, .1 is the
reverse saturation current in CB configuration and it is the current between the Collector and
the Base when the emitter is Open. Therefore total collector current.
[I'= ﬂ.l}: o ]I{.'IIH

The current [ is very small and for practical cases it may be neglected.
Solved Problem 5.1

A transistor in common base configuration has the following parameters. I 15 20 pA and [ is
2mA. Calculate the value of .
Ans ;| =2mA.

L 20uA =20X10"mA

o = 1/

=



We k
|

I

Therefore

now that in a transistor [ =1+ 1,

= 20pA+2mA
= 20x 10" mA + 2mA=2.02mA

o =1.J/1.=2mA/2.02mA
= (.99

Solved Problem 5.2

In a transistor in CB configuration the emitter current is 3 mA and the collector current is 4,92
mA, calculate the value of ot

Ans: |
|

C

1.

o

L

SmA

= 4.92mA

= 1J,

= I/, =4.92mA/5 mA
= (.984

Solved Problem 5.3

In a transistor in common base configuration. the emitter current is ImA. When the emitter
circuit is open, the collector current is 30pA. Find the total collector current. Given that =0.92.

Therefore

¢

= ImA

= 30puA=0.05mA

= 092
the total collector current
= ol ¥l

= (.92 x 1+0.05
= 0.92+0.05=0.97 mA

R

In a transistor in CB configuration the emitter current is 1 mA
and the collector current is 0.956 mA, calculate the value of



Voltage gain

The ratio of the output voltage to the input voltage is called voltage gain. In CB configuration,
the output current is almost equal 10 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 CB configuration is also high.

Common Emitter (CE) Configuration

In Common Emitter configuration the emitter is commeon 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 emitter terminals. As shown in fig.5.7 the emitter terminal is
grounded or connected 1o a fixed voltage point.

=
b Vec n
> T Ve
‘b‘ae n
le
I'Vge Ve
Fig 5. 7 Comiimon emitier configuration
Input voltage =V Output voltage il
Input Current = L Output Current = 1,
Input impedance(R) = V /1, Outputimpedance (R ) = V /1.

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

Current amplification factor or Current gain p (Beta)

Current amplification factor or current gain is the ratio of output current to input current. In
common emitter configuration (CE configuration) the base current (L) is the input current and
the collector current (1) is the output current. Therefore in CE configuration current gain is the
ratio of the collector current (1) to the base current (1,). It is denoted as beta (B).

I
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Expression for total collector current

As per the equation for B, the collector current 1. is B times 1. We know that when a
transistor is in its active mode of operation. the collector junction is reverse biased. Soeven
when [.= 0 some current will flow through the collector because of the presence of minority
charge carriers and this current is called reverse saturation current 1. 1 is the reverse
saturation current in CE configuration and it is the current between the Collector and the
Emitter when the base is Open. Therefore the total collector current,

I{' = Bln"' Ii:'l-‘.l]-

Thecurrent | issmall and so may be neglected in practical cases.

CEQ

Relationship between a and 3

L.

We know that * =7
E

i

l-+1,

Since [ = I s+ 1. theabove equation becomes L
Dividing both numerator and denominator of RHS by ...

L

weget o = |4
[}
e = —'['3—'
* B+l
Therefore.
o (1+p) = B
a+o p = B
aw = p-ap
a = [(l-a)
Therefore} = !Tua‘

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

-

@



large compared to the input current 1. So the voltage developed across the output will be
high. Therefore the voltage gain of CE configuration is high. The CE configuration has high
voltage gain and current gain. So power gain in CIE configuration is high. Hence it is widely
used as power amplifiers. lc

Fig 5.8 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 (.= Bl ). 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 f3.

[. =2mA

. = 1L9mA

P = 1A,

L. ==
= 2-1L.95=0.05mA

I = LJL
= L95SmAMNOSmA
= 39

Solved problem 5.5:

In a transistor CE configuration the base current is 50 pA, calculate the value IH.([S
is given as 50))

l, = 50p4=0.05mA
B il IF, 1
lf.' - mla T

)



= 50 x 0.05mA =25mA
I, =1+l

= 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 applied between the base and the collector terminals and the
corresponding output is taken between the emitter and the collector terminals.

I
LE
j‘"

Fip 5.9 Commaon Colfector {OC) Configuration

Input voltage =WV Output voltage = Ng
Input Current - IIL Output Current - II_
Input impedance (R) = V_J/I, Output impedance (R)) = V_JI.

Since the collector base 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 wecanseethat V, =V _ -V . Since V  is very small comparedtoV .V =
V... So the voltage gain of this circuit is unity. This implies that the emitter voltage (Output
voltage) follows the input votage and hence this circuit is known as an emitter follower.

Current amplification factor or current gain v (Gama)

—_—
m

y=7 . Thereforey ishighsince >>1 .

—

I
Relationship between o, [Jand y
From the above equation for y, we have

[, +1.

=" . Dividing both the numerator and denominator by [, we get
B

-

(%



| 4+ B=1./1,)
R
+ P T-w = I-u

5.6 CHARACTERISTICS OF TRANSISTORIN CE CONFIGURATION

y

Also y

Il

The VI characteristics give the graphical representation of input voltage and input current as
well as output voltage and output current variations. In order to measure these variations
ammeters are connected in series with the base and the collector to measure the base current
and the collector current respectively. Voltmeters are connected in parallel to measure the
input voltage (V, Jand the output voltage (V).

.11{

P 500 Cirenlt arvangemdints for CE charadteristics

Input characteristics .

To study the input characteristics. the output voltage, V "'°L Y

is made constant and the changes of the input current h:-r \;r i

the variations in the input voltage is measured and plotted wr

in the graph. A family of curves may be drawn for different =}

valuesof V.. w
From the graph the following points can be noted. =

I.  The input characteristics resemble the forward =
characteristics of'a PN junction diode. n

-2

For small changes of V. there will be a large =
chang:,c in base current I e, input impedance |
is small.

| - E_ 4 I |

o 'I' _l'_'T'_I'_ T_'I_I_

3. Input impedance . r = AV /Al forV o2 a4 s ea o 0

constant ;'fJ: S CE input characierisiics

2,



Draw the forward characteristics of an ordinary PN junction diode
and observe the similarities and differences with the input
characteristics of a CE configuration.

As already said the input characteristics of CE configuration resemble
the forward characteristics of a PN junction diede. In both the cases
the current is zero till the input voltage is increased above the cutin
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
&V i
the input voltage, the input impedance which is equal to mut is
B

very small for a CE transistor configuration.

Output characteristics

It is the curve between the output current (1) and the output vollage {‘IL.E._} at constant input
current (1,,). To study the output characteristics. the input current, 1 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  Vs1). The curve is as shown in Fig. 5.12.

A
ie] .
= Active region =
(ma)] 2 i

g

]

E Ia = 30pA
|! _'E___ e i In = 20pA
hWig——7="= ! |

7 ' '

: 'r I«a=0

| e ) L _Cut off .

Vi AV Vi Vez

Fie 5. 12 CE aurpwt efhiaraclerisiics

From the graph we can see that.

L. Cut off Region: Region below the curve (1,= 0} is called cut-off region. In this
region the emitter base and the collector base junction are reverse biased. Since
1= 0 only reverse saturation current | . 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 satwrated region. the base current ||
does not produce a corresponding change in the collector current 1.



3. Active Region: In this region the emitter base (EB) junction is forward biased
and the collector base (CB) junction is reverse biased.

4. Verylarge changes of V. produce a small change in 1. i.e. the output impedance
15 high.
5. Outputimpedancer = AV /Al atconstant |
5.7 COMPARISON AMONG CB, CE AND CC CONFIGURATION

r Characteristics CB CE cC ﬁ
I} Inputimpedance (r.) Very Low Low
(about 2502) (about 2.5K€2) | Veryhigh
2) Outputimpedance(r ) | Veryhigh High Low
(about 400 KQ) (about 30 KQ) | (about 50€0)
3) Currentamplification _ B _ % 1
factor “T B+ I-a “1-a
4) Current gain Less than unity High High
5} Voltage gain High High Less than unity

58 DCLOADLINE

In the common emitter configuration with collector resistance R shown in fig. 5.8, the rt:la'r.iun
between the collector to the emitter voltage V, and the collector current | is V|

IR, 5up;ch that we mark the different valuf:s of V andl_ foragivenR_ ina CF urunt
When we join these points together we get a straight lme which wrmspn:}da to the equation
V.=V - LR . Thislineis called the DC load line. Two points on this line is enough to draw
the line. 'I his can be done by knowing the maximum values of the output voltage V , and the
output current [ . When [, = 0 mA the collector-emitter voltage V. is maximum and when
V., = 0 the collector curtent I becomes maximum.

1.(mA) [ 1

%)

>

(Vee. ) Vi (V) —
Fige 5,13 DC fowed Hine

)
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The out put side of a transistor in CE configuration can be represented by the equation.
V.., = V,.-IR,

Cl
When the collector current = 0, then the collector-emitter voltage is maximum and equal to
V..
[

iee V. =V

(&5 (%,

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

When V.= 0, we geta point on the y-axis

Ve = Wil
0 = V.-LR,

Therefore, 1. = R, - The co-ordinates on y-axis is (0.V_ /R_). This point is known as
saturation point. The current is maximum at this point.
Fig. 5.14 shows the DC load line of a transistor connected in CE configuration.

. ch__ Sauranon Region
Ll {transistor Tully-ON)

&0

50

Q-pom

iacin & fegion )
40 g

Cut-aff Regon

\ (ransisior Tuly-0FF")

s
' 1 2 3 4 5 [

30

20
18

| ]
i
|
L
|
L
!
L
|

Fig. 5. 14 D toad line of transistar in CE conflearation

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, when no

i



signal is applied. When an AC signal is applied to the base of the transistor (for amplification)
the collector current and the collector emitter voltage will both vary around these values.
Therefore this operating point is much important in the design of transistors for particular
applications. This is also known as Quieseent point or working point. This is the intersection
of DC load line and input current 1 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_.= 6k
= Do you know that the equation for output voltage V.. = V.. - IcRe
represents a straight line? (Similar to y = mx +c)
*  Why is 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 currvent 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 wiich has been explained in the above section.

For V=12V, Collector resistance, R_= 6k02

The cut-off point en x-axis is (VCC,0)

Wherel =0,V =V =12V Therefore the point on x-axis is (12,0)
The saturation point on y-axis is (o,V./R )

When V. =0,1.=V_/R_=12V/6k$2

i.e, IC=2 mA.
The point on y axis is (0,2mA)



5.9 TRANSISTORASASWITCH

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. However. 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 logic gate circuits.

A transistor acts as a switch by driving it back and forth between its cut-off (OFF) and
saturation (ON) regions. The operating region is shownin Fig 5.15.

- Ii‘ Saturation Region
AMAS ftransistor Tully-ON')

Q-point
{active region)

40
30 i_tfangi:t;if‘:.lel:? SFF' !
20 /
10 Ig=0
n ﬂ#m‘ Va(V)

1 2 3 4 5 6

Flg 3,13 Cporating Region

Cut-off Region

In this region the emitier base and collector base junctions are reverse biased, Therefore the
transistor is switched OFF.

(e,



v&hl
Switch
“open

I Ov

Fi. A.00 Transistar as an rafieH Awiteh

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.
UE=1'U'G:

Transistor operates as an open
switch

In this region the emitter base (EB) and the collector base (CB) junctions are forward biased.
So maximum amount of base current (1) is applied, resulting in maximum collector current
(I.) Therefore the transistor is switched “Fully-ON".

£

Switch
4 tlosed

Fio 517 Transistor av o ofosed switch

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_=
VR

V.. = 0(ideal saturation )

vD‘LﬂI o UEE it ”u"

Transistor operates as a "closed
switch"”




Let us sum up

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 are biased
n three different ways which cause three different modes of operation: active. saturation
and cut-off modes. Under active mode a transistor acts as an amplifier. The total current
mn transistor is the emitter current which is equal to the sum of base and collector currents.
o, b and y represent the current amplification factors for CB, CE and CC configurations
respectively. The input characteristics of CE resemble the forward characteristics of a
PN junction diode. In the output characteristic curve, active. saturation and cut off
regions can be shown. The output voltage and current conditions can be represented
by DC load line which is a straight line drawn on the output characteristics represented
by V. = V.- .R . The operating point is the one which represents the zero signal
values of [ and V __fora given input current [ . Transistor can be used as a switch by
driving it back and forth between cut off and saturation regions.

> Learning outcomes

The learner is able to

e  Explainthe sigﬂﬁcame of transistor in electronic devices and circuits.

e  Drawthe structure of a bipolar transistor and thus point out the importance of
ils terminals.

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

e [Draw the circuits and explain the applications of different transistor

configurations.
e  [Explain the input output characteristics of the CE transistor configuration.
e  Construct the DC load line and thus explain its significance.

e [Explain the working of transistor as a switch.



€valuation items

Multiple choice guestions
I When transistors are used as switch they usually operate in the

a.  activeregion
b.  breakdownregion
¢.  saturation and cutoff regions
d.  linearregion
2 Atransistor has a [3 of 250 and a base current |, of 20 pA. The collector current, |,
equals
a, S500pA
b.  SmA

c. S0mA
d S5A

3 Acurrentratio of 1 /1, is usually less than one and is called

a. Beta b. Theta

¢. Alpha d. Omega
4, The endsofaload line lie in

a. saturation and cutofl

b.  theoperating point

c. the powercurve

d.  theamplification factor

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

a. 1/
b. 1/l
c. L/,
d Ly

6. The output characteristic curve of a transistor in CE configuration shows

a, emitter current (1) versus collector-emitter voltage (V o) with (1,,) base current
held constamt

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

¢. collector current (1) versus collector-emitter voltage (V) with (1) emittercurrent
held constant

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

)



7. When a silicon transistor is forward biased. what is V., for a C-E configuration?

a.  collectorvoltage
b. 04V

c. 07V

d.  emitter voltage

What is the current gain for a common-base configuration where |, =4.2 mA and
I.=4.0mA?

a. 1680

b. 1.05

c. 020

d. 0.95

In a transistor, the collector current is controlled by

a.  collectorvoltage

b. base current

¢.  collector resistance
d. allofthese

10, Total emitter current is

a. 1. -1
b . +1,
e L+
d 1

Answer key

e 2)b 3)ec 4Ha 3)a 6)b Te &d 9Db 1D

Descriptive type guestions

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

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

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

Which transistor configuration has the highest power gain?
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INTRODUCTION

FET (FIELD EFFECT TRANSISTOR)

POWER ELECTRONIC DEVICES

LIGHT EMITTING DIODE (LED})

LIQUID CRYSTAL DISPLAY (LCD)

PHOTO DETECTORS
(PHOTO SENSORS)

THERMISTORS

VARACTOR DIODE

INTEGRATED CIRCUIT (IC)

SPECIAL TYPE

ELECTRONIC DEVICES

INTRODUCTION

In the last chapler we studied the working ol a
bipolar transistor. We know that the transistor is a
semiconductor device that can be used for
amplification, switching etc. Transistors may be
roughly grouped into two major divisions: bipolar and
field-effect. Inthis chapter, we can study the general
concept of the field-effect transistor (FET). FETs
are low power consuming devices than BJT and
hence it makes them ideal for use in integrated
circuits (1C's).

The electronic devices used in high power
applications such as motor control are called power
electronic devices. The symbaols and applications of
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
energy and produce corresponding electrical energy.
Photo diodes. photo transistors and solar cells are
examples. Light dependent resistors (LDR) are also
photo sensors, whose resistance vary when light falls
on them.

We are familiar with different tvpes of displays used
inelectronic devices, home appliances. electronic
speedometers, etc, In this chapter we will discuss
the operations of LED (light emitting diode) and L.CD
(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
capacitor when its biasing voltage is changed. In this
chapter we will also discuss integrated circuits (1C's),
their classification. typical examples and advantages.



6.1. FET (Field Effect Transistors)
Field Effect Transistor (FET) was developed in the early 1960's. FET is a voltage controlled
device where as BIT is current controlled. FET's are broadly classified into two.

1. Junction Field Effect Transistor (JFET)

2. Metal Oxide Semiconductor FET (MOSFET)

=
o - L

rl‘l'ﬂ
i

D‘ D . D D 8] o
€€ .4.4.8 .6
5 3 3 5 s 5
Fig 6.0 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. [fthe bar is of N-type. itis called
N-channel JFET, shown in fig 6.2.(a) and if the bar is of P-type, it s called a P-channel JFET,
shown in fig 6.2.(b). The two PN- junctions forming diodes are connected internally and a
common terminal called gate is taken out. Other terminals are source and drain that are taken
out from the bar as shown, .

JFET Channel
Conslnichon

Gate @

N-channel JFET P-chamnal JFET

Fig 6.2 fa Fig 6.2 th
@ o a) ig 6.2 (b



Field effect transistor has three terminals which are called source, drain and gate. Drain and
Source are similar in function to the collector and the emitter respectively of 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 varving the voltage applied to the Gate.

«  Source (S):-The terminal through which majority carriers enter the channel.

»  Drain(D}):- The terminal through which majority carriers leave the channel,

«  Gate (G):- The terminal formed by joining the two other semiconductor regions on
cither side of the channel internally. It controls the flow of majority carriers from
Source to Drain.

Working Principle of JFET

Generally the semiconductor "channel” of the JFET is a resistive path through which a drain
current |, lows when a voltage is applied between the drain and the source (V). The JFET
can conduct current equally well in either direction. The magnitude of the current flowing through
the channel between the Drain and the Source terminals is controlled by a voltage applied to the
Ciate terminal, which is reverse-biased. In an N-channel JFET this Gate voltage is negative
while for a P-channel JFET the Gate voltage is positive.

In JFET. 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 Gate the size of the depletion region begins to increase reducing the
effective area of'the channel and thus reducing the current flowing through it, When the applied
reverse voltage 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 1o be "pinched-oft"
{(similar to the cut-off region fora BJT). The gate voltage at which the channel closes is called
the "pinch-off voltage™, (V).

Comparison between BJT and FET

. InalFET. there is only one type of carrier, holes in P-type channel and electrons in N-type
channel. Forthis reason. it is called a unipolar transistor. However. ina BJT. both the holes
and the electrons play part in conduction. Therefore. an ordinary transistor is called a
bipolar junction transistor.

2. Asthe input circuit (i.e. Gate to source) of a JFET is reverse biased. the device has high
input impedance (of the order of 100 M), However the input circuit of an ordinary
transistor is forward biased and hence has low input impedance.

3. The drain current (1) is determined by the gate voltage (V) in IFET, whereas the base
current determines the collector current in bipolar junction transistors. That means, JFET

)



is a voltage-controlled device, and the bipolar junction transistor (BJT) is a current-controlled
device.

4. As there 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.

5. 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). Therefore FET is less noisy compared to
BJT.
Applications of JFET
The junction field effect transistor has many applications in the field of electronics and
communication. Some of these applications are stated below.
I.  Lownoiseand high input impedance amplifier
2. Switching applications
3. Voliage Variable Resistance (VVR)
MOSFET
The second type of FET is Metal - Oxide semiconductor FET (MOSFET). Like IFET. italso
has a source, gate and drain. However. unlike JFET. the gate of a MOSFET is insulated from
the channel. Because of this the MOSFET is sometimes known as IGFET which stands for
insulated gate field effect transistor.
MOSFETs are lurther ¢lassified into two- Depletion type MOSFET and Enhancement type
MOSFET. The primary difference between the two types of MOSFETS is in their constructions

and modes of operation. Fig. 6.3 shows the symbol of N-channel and P-channel depletion mode
MOSFET.

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

I ==
- J -
e | < ; = |_|s e | ;
5
N-channel P-channel N-channel P-channel
Depletion Mode Enhancement Mode
Fig 6,3, Symbols of depierion mode MOSFE T Fig 6.4, Symbols of enftancement mode MOSFETs
Application of MOSFET
. Usedin digital 1Cs, Microprocessors, memories ele.
2. Highinputimpedance amplifiers
3.  UPSand Inverters.




Fien. 3, Tvproal SJEET amd MOSFET Packages

Complementary MOS (CMOS)

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

The main advantage of CMOS design is its extremely low power consumption. The total power
dissipation of the cireuit is innano watts. Hence CMOS [Cs are normally used in calculators,
digital watches, computers and satellites.

6.2. POWER ELECTRONIC DEVICES

Power electronic devices are those, which can handle currents up o several thousand amperes
and voltages up to kilo volt range.
SCR (Silicon Controlled Rectifiers)

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

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

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

power to the load. Apart from a normal diode SCR has a - ﬂ
third terminal called the gate for controlling the reclification. Gae i

SCR consists of four semiconductor layers and three pn N btz
junctions. It can be considered as an ordinary rectifier | cathode Cethods

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

, Ry ; s g, 6,6, SCR - structure and symbol
in one unit to form pnpn device as shown in fig. 6.6. PIg Gk It S TE AT SPRS

Fig.6.6 shows the symbol of SCR. Three terminals are taken- one from the outer P-type material
called Anode (A), second from the outer N-type material called Cathode (K ) and the third from
the base of transistor section called Gate (G). Innormal operating conditions of 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

In a silicon 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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Fig, 7 SCR with gaile vpen

When Gate is open: Fig.6.7 shows the SCR circuit with gate open i.e. no voltage is
applied to the gate. Under this condition, junction J, is reverse biased while junction
J, and J, are forward biased. Hence. the situation in the Junctions ] and | are just
asin NPN transistor with base open. Consequently. no current flows thmugh the
load R, and the SCR is Cut-off. However, it the applied voltage is gradually increased,
a stage is reached when reverse biased junction 1, breaks down. The SCR. now
conducts heavily and is said to be in the ON state. The applied voltage at which
SCR conducts heavily without gate voltage is called breakover voltage, Commercially
available SCRs have breakover voltages from about 50 V 1o 800 V.
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Fig 6.8 SCR with gate vollage applied
When the gate is positive with respect to cathode: The SCR can be made to conduct
heavily at smaller applied voltage by dpplying a small positive potential to the gate
as shown in fig. 6.8. Now the junction J, is forward biased and junction J, is reverse
hiased . The electrons from N-type material start MOVING ACross umuan towards
left whereas holes from P-type towards right. Consequently, the e'rectmnt. from the

junction J, are attracted across junction J, and gate current starts flowing. As soon

as the gate current flows, the anode current increases. The increased anode current
in turn makes more electrons available at the junction J,. This process continues
and in an extremely small time. junction J, breaks down and SCR starts conducting



heavily. Once SCR starts conducting. the gate loses its control. Even if'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 5CR is
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 itis 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
ik
R l.,r' L
AC A
') SCR Sg
K fl N
% J
Trioger Angle

0 Zero,

| il:" e

Applications of SCR e Nian _— o
] . | Consider the circuit shown in fig. 6.9, when the
« Heatcontro switch S, is closed, what happens to the
Speed controlofmotor  intensity of the lamp while adjusting the

Light-dimming circuit variable resistor R ?

Battery charger
upPs

o b




TRIAC

The TRIAC isa three terminal device. which can conduct in either direction, when triggered by
a positive or a negative pulse irrespective of the polarity of the voltage across its main terminals.
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 least one of the
SCRs connected in opposite direction.

The TRIAC's are available with very high X2

current ratings and high voltage. When T MT2
voltage in the positive halfcycle of AC
exceeds the positive break over voltage
(break over Eullagc of the SCR in that SCR1 7\ : SCR2
direction). the TRIAC conducts in that o—
direction. Similarly when the voltage in G G G—/
the negative halfeyele of AC exceeds the c!h

negative break over voltage (break over

voltage of the SCR in that direction), the MT1 MTI1
TRIAC conducts in that direction. These Fig 6. 10 TRIAC = equivalent circatt and svimbol
conducting voltages in either direction can

be varied by varving the gate current.

Application of TRIAC

The TRIAC has an important property that it can conduct current in either forward or reverse
direction. depending upon the polarity of the voltage across its terminals. This property makes
the triac very useful to control AC machines. Some applications of TRIAC are given below

I.  Electronic Fan Regulators
2. Motor speed control
3. Bautery charger & UPS

PNRT
0 @&*t,{; Iy

Fie. 6 1 Tipleal SCR and TRIAC Pachkeaee



DIAC MT2
The DIAC (Diode for Alternating Current) is a two terminal device. The basic

construction of DIAC is similar to a TRIAC. but without a gate terminal as
showninfig6.12.

The working ofthe 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 MTI1
DIAC is normally used with a TRIAC in control circuits such as light dimming,
heat control. motor speed control ete.

Figenf2 IMAC

svthel

Consider the circuit s
shown in fig. 6.13. The 226 8¢ 420% M @
load may be a light or a Lelmplelpite ix
fan. What happens to the iz
load when the " V.
potentiometer is varied? _ , ; s

1,1 == e o

4] T

NEUTRAL
Fig 6.13

UNIJUNCTION TRANSISTOR (UJT)

LT (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 of'a

unijunction transistor. It consists of'a lightly- B2

doped N-tvpe silicon bar with a small piece
of heavily doped P-type material alloved .
to its one side to produce single P-N

E 1]
¥ i _I -
junction. The UJT has three terminals:an F R — ﬂ)

k¥

emitter (E) and two bases (Bl and B2). e “ﬁ‘:h i
The two base leads are taken from the

N-type silicon bar. The emitter is of P- Bl Bl
type and it 1s heavily doped. The emitter 22 (h)
(E) junction is usually located floscr to - - VAT Symbol
base-2 (B2) than base-1 (B1). Fig.6.14b Fig 614 LT

shows the symbol of UJT.



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 biased. It is mainly used as light source, displays and for
making indicators,

Fig 6.5 4 fypical LIT

In LED electrical energy is converted into optical energy. These -
N2646

are example of electro-luminescence, the process in which emission
of photons takes place by the recombination of excess electrons
and holes in a dirgct band gap semiconductor. The main advantages of using these are low
energy consumption, longer lifetime (more than 20 years), faster switching, smaller size ete.
Fig.6.16 shows the symbol and commonly used LED's,

o o i 1WA A |j

Symbol of LED Commonly ased LED

Fig.o. 16 LED

Working of LED

When a PN-junction is forward biased. + |-
recombination of holes and electrons will | y
occur at the junction. During
recombination. a large amount of energy
is released in the form of heat or light.

How does o PN-junction generate
light?
Consider a sumple semiconductor. which

is forward biased. When an electron from
the bottom of the conduction band falls

(Tortidden band)
; : C0OODOOO -
into a hole at the top of the valance band. T}r—ulm Band

Fig o, 7 Working of LED




an energy equal to band gap energy (Eg) is released in the form of EM radiations whose

E Eg
frequency is given by v = I—g Herehis ¥ ——. the Plank’s constant. In Silicon and Germanium,
)

h
the band gap energy is small (0.7eV and 1.1eV) so that the frequency of the generated EM
radiation is small and great percentage of this energy is given off in the form of heat (thermal
energy) and as a result, no light is emitted,

In some semiconductor matenials like gallium arsenide (GaAs) or Gallium Phosphide (GaP). the
band gap energy is large so that the frequency of'emitted radiation falls in the visible range. The
colour emitted from the LED depends on the frequency ofemission 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 ol output optical signals depends
upon the band gap energy. The output wave length can be made to be within certain limits by
using compound semiconductors. so that a particular color can be observed. provided the output
is in visible range. The forward voltage rating of most LEDs is from 1'V to 3 V and forward
current rating ranges from 5 mA to 100mA.

BICOLOUR LED

A LED that emits one colour when
forward biased and another colour
when reverse biased is called bicolor
LED. Fig.6.18 shows the working of
atypical Red-Green bicolor LED. ‘{/

+V

)

A typical bicolour LED contains two
pn junctions that 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 applied to the .
top terminal as shown in fig.6.18 (i). (I ) {”}
the PN junction on the left 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 madlti-colour LED

Bicolour LEDs are typically red when biased in one direction and green when biased in the
other. If a bicolour LED is switched fast enough between two polarities. the LED will produce
a third colour. A red /green LED will produce a vellow light when rapidly switched back and
forth between biasing polarities.

Applications of LED

Light-emitting diodes are used in applications as power indicator. seven-segment display.
automotive lighting, advertising LED boards, dot-matrix display, background light source in LED-

T
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TV and traffic signals. Infrared LEDs are also used in the remote control units of many
commercial products including televisions. LED lamps are used for household applications.

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

Color Wavelength & (nm) Materials
Gallium arsenide { GaAs)
Infrared A= T0d0
Aluminum galliwm arsemide (AlGaAs)
) Aluminum gallium arsenide { AlGaAs)
Red 610<4i<760
Gallium arsenide phosphide (GaAsP)
) Gallium arsenide phosphide {GaAsP)
Orange 90 <A<6l0 _
Aluminum gallium indium phosphide ( AlGalnF)
. Gallium arsenide phosphide (GaAsP)
Yellow 570 < A<590
Aluminum gallium indium phosphide { AlGalnP)
Green 0 <A<570 Gallium phosphide [ GaP)
) Zine selenide (£nSe)
Blue 450 < 4 < 500 , . :
Indiwm gallivm mitride (InGaMN)
Violet 400 = 4 < 450 Indium gallivm nitride (InGaN|
Boron nitride
_ - Aluminum nitride (AIN)
Ultraviolel A= 400
Aluminum gallium nitride ( AlGaN)
Aluminum gallivm indium mitride (AlGalnN)

Tabfe 6.1 LEDY cefonr g muteriols

6.4. LIQUID-CRYSTALDISPLAY (LCD)

Prepare a list of equipment or appliances which are using LCDs.

Liquid Crystal Displays (LCDs) are commonly found like television, computers, digital watches
maobile phone displays etc. They have become very common among display devices replacing
Cathode Ray Tubes (CRT). CRT draws more power than LCD and is also bigger and heavier.
Let us discuss the working of an LCD.

We get the definition of LCD from the name "Liquid Crystal” itself, It is actually a combination
of two 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

i



that the liquid crystal materials behave more as in liquid state than as in solid state. It must also
be noted that liquid crystals are more heat sensitive than usual liquids. A little amount of heat
can easily turn the liguid crvstal into a liquid.

Basic structure of an LCD

A liquid erystal 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
does not produce any illumination of its own. It. in fact. depends entirely on illumination falling
on it from an external source for its visual effect.

T

i'!:

Filoa, 19 Some evamples of LOCD dlisplays
f fAlel

Advantages and Disadvantages of LCD

The liguid-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 Tow
ambient lighting and low viewing angle.
Applications of LCD
LCDs are used ina wide range of applications including computer monitors, televisions, instrument
panels and Vehicles' (Car) Dash board. They are common in consumer devices such as video
players, gaming devices, clocks. watches, caleulators, microwave ovens and mobile phone
display.
6.5, PHOTODETECTORS (PHOTOSENSQORS)
Photodetectors (Photosensors ) are used for detecting light signals. The photo detector devices
can be classified as follows

I.  Photoresistors [Light Dependent Resistors (LDR)]

2. Photodiode

3. Phototransistor

4.  Photovoltaic cells{solar cells)



PHOTORESISTORS OR LIGHT DEPENDENT RESISTORS (LDR)

A photoresistor or light dependent resistor (LDR) is a resistor whose resistance decreases with
increasing incident light intensity. In other words. it exhibits photoconductivity. LDR is used in
automatic light sensing circuits, safety systems, amusement ele.

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 street lamps. bed lamps etc. Fig 6.20.¢ shows
typical LDR.

Substraie
¥
K/ Thin Strip of
Photorasistie L
“/ M aterial
[Cadrmum Sulphioe)
' l
A
Rizan
{b) LDR Constructional view (<) Typical LDR

{a) LDR Symbol
Fig 20 LDR

A photoresistor is made ofa high
resistance semiconductar, Iflight
falls on the device. photons
absorbed by the semiconductor
give bound electrons enough
energzy to jump into the conduction
band. The resulting free electron
(and its hole partner) conduct
electricity. thereby lowering
resistance. Normally the
resistance of an LDR is very high,
sometimes as high as M2, but
when they are illuminated 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 1s made ON and OFF.

1.2 K ohm
+5 Volt

GND

Fig o2l LED switching

A photodiode is a reverse-biased silicon PN junction in which the reverse current increases
when the junction is exposed to light. The reverse current in photo-diode is directly proportional
to the intensity of light falling on its pn junction. This means that greater the intensity of light
falling on the PN-junction of photo diode. the greater will be the reverse current.

-
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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 phote diode. It
consists of a PN junction and a
glass window is mounted on the
top of the case to allow light 1o

Lens

Anode (A) Cathade (K)
H PN H

enter and strike the PN junction. -

The two leads extending from the Vee

case are labelled anode and Fig 6.22 Photediode symbaol and sirueiure
cathode.

Applications of photodiode
I.  Burglaralarm

2. Photodiodes are often used for measurement of light intensity. For e.g. camera
light meters
3. They are also widely used in various medical applications. such as detectors for
computer tomography.
4. Itisoften used for optical communications and in lighting regulation.
PHOTOTRANSISTOR
The phototransistor is a semiconductor light sensor formed from a basic transistor with a
transparent cover which allows light to fall on the base of the transistor. The principle of working
ol phototransistor is same as that of'a photodiode. A phototransistor, however. is much more
sensitive to light and produces more output 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 | ofthe transistor . The resulting amplified collector
current is given as le=p 1. The fig. 6.23 and fig.6.24 below shows the symbol and physical
appearance of a phototransistor. -

B
Collector =
C I@
Flat spot and

S
b (‘ sharter pin
indicate the
Bise emitter (E)
£ Curent terminal
Emitter
=

Fig 6. 23 Photatransisior




Application
They are used in light controllers in highways. level indicators and counting system.

.ﬂ*’ E—
@® = W
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y

Fig.6.24 Typical Phote dicde and phato transistor packages
SOLAR CELL (PHOTOVOLTAIC CELL)

Solar cell {a photovoltaic cell) is a device which convents light energy into electrical energy. Itis
a form of photoelectric cell (the electrical characteristics-e.g. current, voltage, or resistance-
vary when light is incident upon it) which, when exposed to 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 electricity from sunlight. Cells can be described as photovoltaic even when
the light source is not necessarily sunlight (lamplight, artificial light, etc.).

A PN junction of suitable material like silicon, germanium, selenium etc can be used as solar
cell. Figure 6.25 (a) shows the basic construction of silicon PN junction solar cell. The top
surface area must be perpendicular to sunlight 1o ensure maximum power. The metallic conductor
connected to the P-type material and thickness of the P-type material is such that a maximum
number of photons of light energy will reach the junction.

Incident sunlight Glass S
o Y . W ™~
L A T (Y et
—r 7
+ I'u" L/ F I""..II i tﬁm[ﬁnn
vﬂl’ n
Metallic contact
a) construction b) symbol

Fiid 25 Phorovoliaic cell



Light from the sun is allowed to fall on an unbiased PN junction as shown in fig 6.25 (a).
Photons of light energy in this region collide with the valance electrons and generate a conduction
band electrons and holes. This phenomenon will occur on either side of the junction.

In the P-region, newlv generated electrons are minority carriers. As in an ordinary diode, these
minority electrons will move freely across the junction to the N-region. Similarty. the minority
holes from the N-region will move to the P-region. This results in reverse current due to minority
carriers in the PN crvstal. IFan external resistor is connected between the contacts on P and N-
regions, current will Mow through it. The voltage across the diode terminal is photoveltaic em(
and is of the order of 0.5V for silicon cell and 0.1V for germanium cell.

6.6. THERMISTORS
Have you ever thought how the temperature is sensed?

We can sense (detect) temperature using a thermistor, Thisisa
type of resistor whose resistance varies significantly 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 ils
terminal resistance is related to its body temperature. It isnota
junction device and is made of Ge. Si or a mixture of oxides of
cobalt, nickel, strontium or manganese. The compound emploved
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
achieve a higher precision within a limited temperature range. typically -90 °C to 130 °C.

Fig 6,26 Fhermisior- Tipical

s IR

Applications of Thermistor

Thermistors are widely used as current limiters, temperature sensors, resistance thermometers.
and self=regulating heating elements

The first NTC (Megative 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.

The thermistor was invented by Samuel Ruben in 1930

.7. VARACTOR DIODE (VARICAP)

We have studied about variable capacitors, But a Junction diode which acts as a variable capacitor
under the influence of varving reverse bias voltage is known as Varactor diode. The Varactor
diode is also called Varicap diode and Variable capacitance diode.

%)
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EFFECTIVE DIELECTRIC

(a) (b)

Fig. 6. 27 Varicap - consirnction and symbof

The capacitance is formed with P 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 are used as voltage-controlled capacitors. They are commonly used in voltage-controlled

oscillators, and frequency multipliers. Voltage-controlled oscillators have many applications such
as frequency modulation tor FM transmitters

6.8. INTEGRATED CIRCIUT (1C)

The most advanced electronic circuits contain millions of diodes. transistors, resistors. and
capacitors. These components are fabricated onto waters, or chips, of semiconductor material,
usually silicon. The chips are enclosed in little boxes or cans with pins for connection 1o external
COMponEnts.

IC - Classification

An integrated circuit consists of various electronic components and their inter connections ina
single small semiconductor chip. There are four basic types of constructions emploved in the
manufacturing of integrated circuit, namely
I, Monolithic 1C:-In this |C all electronic components (resistors, capacitors, diodes
and transistors) are made on a single wafer (substrate) of semiconductor. This type
of IC's are used widely.
2. Thin-film IC ;- In this IC, the thickness of the substrate is kept 0,001 inch or 0,0025
cmonly.
3. Thick -film IC :- Thickness of substrate material is kept more in this type of IC. in
comparison toa thin film 1C.

4. Hybrid:- These 1Cs are formed either by combining two or more monolithic IC's or
by combining moenolithic IC's with thick film or thin film components.



IC -Package type

There are four popular 1C packages are available.

1. The metal can (TO) package
2. The Dual Inline Package(DIP)

4. The Flat package or flat pack

3. TheSingle Inline Package (SIP) | ~-,::|ﬁl.ﬁ'! .'-
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Advantages of IC technology

Integrated circuits have several advantages
over individual, or discrete. components.

I.  Compactness-extremely small size
2. Highspeed

=

3.  Low power requirement
4. Reliability
Evolution of ICs

In early days of integrated circuits, only a
few transistors could be placed ona chip. So
the degree of integration was small, the design
process was relatively simple, Now-a-days
with good design and thorough planning
millions and billions of transistors could be
placed on one chip. The table below shows
classification of 1C wechnology based on the
number of transistor's fabricated on the chip.

First Integrated circuit

In' 1958 - lack Kilby -Texas Instruments
developed Integrated circuit

A device having multiple electrical
components and theirinterconnections
manufactured on a single substrate.

This is shown in photo

Fig 6,20 FIRSTIC

Technology Name Number ol Transistors per chip
551-5mall Scale Integration <10

MSI-Medium Scale Integration 10- 100

LSI-Large Scale Integration 100-1000

VLSI-Very Large Scale Integration 1000- 10000
ULSI-Ultra Large Scale Integration 10,000 1,00,0000 >

(iS1- Giga Scale Integration > 1,00,0000




Typial examples of- 1C

Integrated circuits can be divided into two
further groups: analog (linear) and digital.
The output voltage of linear circuits is
continuous and follows changes in the input.
OP AMP- 1C-741

Typical representative of a lincar 1C is an
Operational Amplifier (OPAMP-741). Fig
6.30 below shows symbol and DIP package
ol 1C-741. Operational amplifier 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 ofthese two inputs, one input
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.

This IC is widely used for performing
various mathematical operations such as
addition, subtraction. multiplication, division
etc. This is the reason why the 1C is known

MOORE'S LAW

In 1965, Gordon Moore noted that the
number of transistors on a chip doubled
every 18 to 24 months.

. integration, differentiation, logarithm., antilogarithm
as operational amplifier.

Vg, 1 N 8
alfset mll] o - NC
Vi Vo Z 1 Vi

.'UI- 3 h I
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Vi Yo

Vs 4 5
Y | | ofizet nyli
{1} OPAMP Symbol (11) OPAMP-Pin-out diagram (il )OPAMP-DIP Package

Fig. 6,30 Op-amp sim

Digital 1Cs
About 80 percent of the [C's in market are d

bod, pin diagram and packape

igital 1Cs, Their output voltage is not continuous, It

is either LOW or HIGH and it changes from one state to the other very quickly i.e.: switching

(s,



functions. Digital IC's include circuits such as logic gates: memory chips. calculator's chips.
microprocessors ete. Typical examples for digital IC's are given below.
A. Timer IC-555
One of the most popular and widely used IC in electronic circuits is 1C-555, which is called
Timer. The IC is mainly used as monostable and astable multivibrators, It can produce accurate
and highly stable timing pulses ortime delays.
Important features of [C-355

I. ltoperateson+35V to +18V dec supply voltage.

2. Adjustable duty cycle.

&G

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}

1

a. Pin-outdiagram of IC-555| b. DIP Package IC-555

Fig 6.30.355 IC - Pin diagram and package

Application of 1C-555
1. Rectangular/square wave generator A 555 astable multivibrator is used to generate
a rectangular wave of any duty cycle. It can be modified to generate square waves.
Also the circuit can be modified as a ramp generator, The 555 Timer IC is widely
used in decorative displays and various security systems.
2. Timereircuit
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 state is NOT the same as its input state. Commonly available logic NOT gate is two
types ie. TTL Logic Types and CMOS Logic Types. The table below shows some examples of
Inverter IC's.

€



Activity 6 Try these circults
Circiur-I: Astable Multivibrator Circuit 2- Monostable Multivibrator

Vo

L
Rl=100 KO R=1MO
. R RI=330Q
C=10 puF C=10uF
Fig.6, 32 Multivibrator circuits
TTL Logic Types CMOS Logic Types

741504 -Hex Inverting NOT Gate
T4L.504- Hex Inverting NOT Gate
741.5100-4 Hex Inverting Drivers CD4009 -Hex Inverting NOT Gate
CD4069- Hex Inverting NOT Gate

BJT is a current controlled device while FET is voltage controlled in which current
conduction is caused by only one type of charge carriers i.e., either electrons or holes.
Hence it is called unipolar. Flow of carriers from source to drain is controlled by the gate.
The negative gate- source voltage applied increases the size of the depletion layver 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 ofTvoltage. JFET
i5 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 device operates in the enhancement mode. Digital 1C's. microprocessor
memories, amplifiers, oscillators, communication systems etc. use MOSFET. CMOS
circuits use a combination of PMOS and NMOS. CMOS technology is used for
microprocessors. microcontrollers, RAM and other logic eircuits. SCR. TRIAC, DIAC
and LT are power circuit devices which can handle currents upto several thousand

-
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amperes and voltages upto several kV. SCR can be considered as an ordinary rectifier
and a junction transistor. It can change AC to DC and at the same time control the
amount of power to the load. It is used for the speed control of motor, light dimming
circuit, UPS ete. TRIAC is a three terminal device which can conduct in either direction.
It is used for electronic fan regulators, motor speed control, UPS ete. DIAC whichisa
two terminal device is used as a triggering circuit for TRIAC. UJT is used as wave form
generator. oscillator triggering circuit, phase control circuit ete. LED is a diode that emits
visible light when forward biased. It is used as light source in displays and indicators,
LCD's are used in computer monitors, TV'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 electronic circuits containing millions of
diodes, transistors, resistors and capacitors tabricated into chips of semiconductor materials
are called IC's. IC technologies are developed in SS1. MSL LSI, VLSI, ULSI and GLSI
stages. Timer IC 555, Inverter IC 7404 etc. are examples of digital 1C's.

Learning outcomes

The learner is able to

e  Explain the working of electronics devices like FET, MOSFET and CMOS.

s  [dentify the power electronics devices such as SCR. TRIAC, DIAC and LIJT and
point out their applications.

e  Explainthe working and applications of photo sensor devices like LDR, photo diode,
photo transistor and solar cell.

e  Distinguish between the features of LED. LCD, seven segment and dot-matrix
display.
e  Draw the svmbols and point out the applications of varactor diode and thermistor.

s Classify different types of Integrated Circuit technologies and explain their
advantages.

ol

Multiple choice guestions
l.  FET operates on
a) majority carrier only b) minority carrier only
¢} positivelychargedionsonly  d)negatively charged ions only
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1.

A JFET isalso called —=—=-==---- ransisior

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) Itis less noisy than BJT
¢} Ithaslarge 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) input and output

A JFET has high input impedance because --—--------

a) It is made of semiconductor material
b) Inputis reverse biased

¢} Ofimpurity atom

d) MNone of'these

AJFET isa

a) Current controlled device with high input resistance
b) Voltage controlled device with high input resistance
¢) Voltage controlled device with low input resistance

d) Current controlled device with low input resistance

A MOSFET is sometimes called ----<---=-- JFET

a) Many gate b) Open gate

¢) Insulated gate d) Mone ol'these

An SCR is semiconductor device which consists of

a) Four PN-junctions b) Three PN-junctions
¢} Two PN-junctions d) One PN-junctions
The control element in SCR is —--—---

a) Cathode b} Anode

¢} emitter d) Gate

An SCR combines the features of —=—-eemee-
a) A rectifier and resistance b} A rectifier and transistor
b) A rectifierand capacitor d) None of these

O 14 L pe— switch
a) Bidirectional b) Unidirectional
¢) Mechanical d) None ol'these



15.

The device that does not have the gate terminal

a) TRIAC
¢) SCR

ADIAC 18 =-mmmmmmeeme

a) anAC

¢) amechanical

b) FET
d) DIAC

by a DC

d} none of these

A LED. emits visible light when its ~—-—----—--—

a) P-N junction isreverse biased  b)
¢} holes and electrons recombine  d)

When the light increases, the reverse current in a photo diode

a) increases
¢) isunaffected

Answer key

l.a

16.

Za 3d 4b 5b 6b 7 8b 9d 10b 1la 12d 13.a

Match the following

b) decreases
d) none of these

depletion region widens
PMN- junction become hot

Devices Terminals

SCR Emitter. base. collector
TRIAC Source (drain, gate
FET Anode cathode ,gate
BIT Emitter .base-1, base-2
T Gate MT-1.MT-2
Match the following

Devices Application

IC-355 Thermistor

LT Burglar alarm

Photo diode voltage-controlled capacitors
Varactor diode Timer circuit

Sawtooth generator

Thermometers

l4c 15a



Descriptive tvpe guestions

1)
2)
3)
4
3)
6)
7
8)
9
10)
1)
12)
13)
14)
15)

Explain the construction and working of JFET.
What is the difference between a JFET and BIT?
Give some 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 ofa LT,

Explain working of LED.

Give two applications of LED.

How LED difters from an ordinary diode?

How does photo diode work?

Give two applications of photo diode,

What is varactor diode and give its applications?
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RECTIFIERS

INTRODUCTION

Do you know that electric energy available in homes
and industries is in the form of alternating voltage?
In India electric power supplied through AC mains,
15 230V at a frequency of 50 Hz. Atthe same time
we know that for the operation of most of the
electronic devices, DC voltage is needed. One way
to obtain DC supply is to use battery. But batteries
are expensive and can be used only for shorter
periods. So we need devices for converting the
alternating voltage obtained from the main supply
into DC voltage. AC voltage can be converted into
DC by means of rectifier circuits. It is a device
which converts alternating voltage or current into
unidirectional voltage orcurrent. But this DC output
is not a pure DC as obtained from a battery source,
This rectified output is unidirectional, but fluctuates
with time because it contains undesired AC
components (ripples) also. If this output is directly
fed to an electronic device, it will not function
properly. For removing these undesired AC
components, filter circuits are used. There are
various types of rectifiers and filters.

Letus study rectifiers and filters in this chapter.
7.1 DIODE AS RECTIFIER

Can you suggest an electronic component that can
be used to convert a bidirectional current or
alternating current (AC) into a unidirectional current
or DC? PN junction diode is such a device. We
have already studied 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



convert AC voltage to DC voltage. In other words diode can be used for rectification. Let us
now see how diode acts as a rectifier. With the help of vour teacher perform activity 2.

You might have observed that the presence of diode has resulted in suppression of negative
halfcycles. The output consists of positive half cycles only. The direction of current flow
reverses during negative half eyele. Negative half cycles are suppressed i.e.. diode allows the
current to flow only in one direction. 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 halfthe time or in other words only half
wave is obtained. Hence this is called hall wave rectification. How can we get tull wave
rectification or current during the whole time period (both cyveles). without allernating current
direction? Is it possible if we use more than one diode?

Activity 1

Let us have a look at some of the household equipnent around us, Can you

find out the source of supply needed for their working? See whether AC is
converted into DC in them. Discuss.

' o

Equipment AC supply DC supply
Ceiling fan
Refrigerator

Pen toreh
Clock
Mobile phone

Television

Compriter
% P
e Do you have any AG/DC adapter for charging laptop or any otler
device in your lhome?

+  Have you ever thought of the function of a mobile charger or AC/
DC adapter?

7.2 HALFWAVE RECTIFIER

As we have seen. in half-wave rectification. when AC supply is applied at the input. only
positive half cycle appears across the load, whereas, the negative halfeycle is suppressed.
Fig7.1shows the circuit of a half — wave rectifier. Generally AC supply is given through a
transformer. The transformer is used for two purposes. [tis to step down the AC input voltage
and to isolate the rectifier circuit from power line for reducing the risk of electric shoek. In
most of the cases where rectifier is used. stepping down of voltage is required. because the
voltage needed for most of the semiconductor devices and ICs 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, .

0
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F g 7. Hall Bave Reetifier

Activity 2
Use a CRO in your school laboratory to verify the output waveforms
from the following circuits.

»  Connect the primary 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?

B

Sl -
30V & RO /\
1 \V

g2
s  Connecta 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?

'y P Vout
£ v [ I\
“ /\ >t
W
Fig7 3



The primary winding of the transformer is connected to the power mains. Voltage across the
secondary winding of the transformer changes polarity after every half-cyvele. since primary is
connected to an AC voltage. Voltage V_is the peak value of this alternating voltage.

+ A w A ¥

<

&

- Y B Y

FiaZ dfap Half Wave Receifier (positive half acle)

During the positive halfeyele of input AC voltage, end A becomes positive with respect to end
B as shown in Fig7.4( 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 is also very small(about (.3 V for Ge diode and about
0.7V for Si diode). Therefore, the voltage appearing across the load resistance R, is
approximately the same as that of the input voltage.

— A
NO
W CURRENT [] Ry
IX THE
CIRCUIT
+v B

Fig? 30 Half Wave Rectifier (regative half cvelel

During the negative halfevele of the input. end A is negative with respect 1o end B as shown in
Fig 7.4(h). Under this condition. the diode is reverse biased. It is shown shaded in the Figure
to indicate that it is non-conducting. That is no current flows through the circuit. Therefore,
almost no voltage is developed across the load resistance R . All the input voltage appears
across the diode itself.

Therefore it can be concluded that during positive half cyele, the voltage at the output is
almost the same as the input voltage. During the negative half cycle. no voltage is available
across the load. Current flows through the load R, only in one direction. Hence a DC output
is obtained across R, . Waveform of the voltage across the load is shown in Fig7.4(c). It may

O



be noted that even though output voltage across the load is unidirectional, it is in the form of
pulses (pulsating DC). I 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
of'a DC component (constant voltage) 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).

¥
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Peak Inverse Voltage

Let us focus our attention again on the diode in Fig7.4(b) . During the negative half cycle of
the input, the diode is reverse biased. Allthe input voltage appears across the diode (as there
1s no voltage across the load resistance). When the input reaches its peak value Vim. in the
negative half~cycle. the voltage across the diode is also maximum. This maximum voltage is
known as the peak inverse voltage(P1V). It represents the maximum voltage appearing across
the diode. when the diode is reverse biased. Thus. for a half wave rectifier,

PIV=V_
Activity 3

Assemble the following circuits. Apply a 6V AC using a 230/6V transformer
and observe the corresponding output wave forms on @ CRO.

Ciront Output

X 0K
X7 A

I P T
NF N

fe

)



« Inboth the circuits you applied the same AC supply. But why did you
get different oulput waveforms?

o In both the waveforms only one half of the signal is present and the
other halfis cut off. Why ?

«  From the waveforms obtained, have you got an idea of how full wave
rectification can be obtained?

7.3 FULLWAVE RECTIFIER

In full wave the rectification. current should flow through the load in the same direction for the
both half cycles of input AC voltage. The following two circuits are commonly used for full
wave rectification:

(i} Centre-tap full wave rectifier

(ii) Bridge rectifier
Centre- tap full wave rectifier

The circuit of a centre lap rectifieris shown in Fig 7.6, It uses two diodes D and D, and a
center tapped transformer.

Ry
| &
B D2
Fig 70 Centre=Tap Full Wave Rectifier
D
A
F
During the positive half cvele ol input signal, the
W

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
biased. So. the diode D, conducts while D, does
not. The current flows through the diode DD, load
resistor R and the upper half of the secondary Ty
winding . D2

FieT, Trad Centre-Tup Full Wove Rectifier

frrasiiive hall cvelel

O



During negative hallcycle, the end Aof the secondary
becomes negative and the end B becomes positive
with respect to the point C. This makes the diode
D, forward biased and diode D, reverse biased. The
diode D alone conducts. The current flow 15 through
diode D.. load R, and lower half of secondary
winding as shown in Fig7.7(b).

It may be seen that the current in the load isin the
same direction (DD to C) for both half-cycles of the
input AC voltage as shown in Fig7.7(¢) . Theretore
DC output is obtained across the load R, .

Fig 7.7¢h) Centre-Tap Full Wave

Rectifierfnegative half cvele

vt
Virs
D1 D2 D1 D2
L V
0 T 2T 8T 4T wt
Figr riey Waveform of vedrage aoross Tood
Peak Inverse Voltage
A D1
e
Vu
H
1D

Fig 7.8 Full wiave Recrifier wien figpeid viltage iy At

To tind the peak inverse voltage, let us consider the instant at which the input voltage attains
maximum value +V_. At this instant the diode D, is conducting and it offers almost zero

T
S
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resistance (Fig 7.8). The whole of the voltage V _across the upper half winding appears
across the load resistor R . Therefore, the rev erse voltage that appears across the non
conducting diode is the HI,II'I'l of the voltages across the lower halt winding and the voltage
across the load resistor R, .

e, PIV=V +V =2V
Full Wave Bridge Rectifier

A more widely used full wave rectifier circuit is the bridge rectifier . The need for a center—
tapped transtformer is eliminated in the bridge rectifier. [t contains four diodes connected to
form a bridge as shown in Fig 7.9 . The input AC isapplied to the diagonally opposite ends of
the bridge through the transformer. Between the other ends of the bridge, the load R, is
connected. A

B

Fig 7.8 Full Wave Bridge Rectifier

Operation

During the positive half eyele of the secondary +

voltage, end A of the secondary winding

becomes positive and the end B becomes

negative. This makes the diodes D, and D, .

forward biased and the diodes D, and D. ‘
1

reverse biased. Therefore, only diodes D, and
[, conduct. The current flow is through the
diode D, load R, . diode D, and the secondary
wnnhn;,_, as shown in Fig ? 10(a).

Fig 7.9 Full Wive Bridge Rectifier

During the negative half cvele of the secondary voltage. the end A becomes negative and end
B positive. This makes diodes D, and D, forward biased while diodes D, and D, are reverse
biased. Therefore, only diodes D, and D, conduct. The current flow is through diode D,, load
R, . diode D, and the secondary mndmgaashﬂmi inFig 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 half eveles of
input AC voltage. Therefore, a unidirectional voltage is obtained across the load R, . The load

voltage waveform is shown in Fig 7.10(c).

Fig7 10fh) Fufl Wave Bridpe

Rectiflerinegative holf evele)
Peak Inverse Voltage

Consider the bridge rectifier circuit shown in
Fig7.11 and assume the instant at which
z.f.:mmdaw voltage reaches its positive peak value.

V. The diodes D, and D, are conducting.
wllﬁ.l'Edb diodes DD, and D, are reverse biased
and are nmmnnduumﬂ. Thr. entire voltage V
across the secondary winding appears across the
load resistor R, . Also we can see that the points
A and B are almost at the same potential as similar
to points C and D. The reverse voltage across
the nonconducting diode D (or D, Jishence V
PIV of each diode is equal to the maximum
secondary voltage.

PIV=V_
7.4 RIPPLE FACTOR

wr

Fig?. Hife) Winveftwm of veltage aeross (oad

FieT 1 Bridee Rectifier when input voltage s

PRI [ERRETE

The ripple current is undesirable and its value should be the smallest possible in order to make
the rectifier effective. Ripple factor *r’is ameasure of the purity of the DC output of arectifier
and is defined as the ratio of rms value of the AC component in the output to the average or
DC component present in the output. Smaller the value of this factor. lesser is the AC component

in comparison to DC component.

rms value of AC component in the rectified autput

r - -
DC component



The general expression for ripple factor is (derivation not needed)

For half wave rectifier. it can be derived that

L. = 2
B =0 B
Wherel = rms value of load current

I = maximum value of load current
I, = average value of load current
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 rectifier 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]

T e
L= 2./

By substituting the above values in general expression, we get
r = 048

This indicates that the ripple contents in the output are 48% of the DC component which is
less than that of the hall'wave circuit. In other words, the output of a full wave rectifier contains
lesser percentage of ripples. Hence full wave rectifiers are better converters of AC to DC.
compared to halt wave rectifiers.

7.5 EFFICIENCY

The rectifier efficiency tells us what percentage of total input AC power is converted into
useful DC output power, Thus. rectifier efficiency is defined as the ratio of DC output power
P, to ACinput power P_.
Output DC power

Input AC power

Hence. n =



For half wave rectifier
Output DCpower. P, = 1R,
= (L/%PR,
where. R = loadresistance
InpstACpower, P, = 1 _*R
= (LR2YPR;
n = PP,
= (I/mR, A12PR,
= 0406R /R,
= (.406
= 40.6%

Theoritically the maximum value of rectifier efficiency of a half wave rectifier is 40.6 percent.
This shows that a half wave rectifier can convert a maximum of 40.6% of AC powerin to DC
POWET,

For full wave rectifier

Py B LR,
= QL/my.R
P, = R
= (@L/B)VR
Theretore, Iy = PR

= QL/mLR M1/ SR,

= 0.8I12R /R,

= {(.812

= 81.2%
Theoritically the maximum value of rectifier efficiency of a full wave rectifieris 81.2 %.
Solved Problem 7.1

Transformer secondary voliage of a half wave rectifier circuit is v =50sinet and the
load resistance R, = 8009, find ()1 I & I (i) ac input power and DC output power
(iti) DC output voltage and (iv) efficiency of rectification.

(157



Solution
Maximumvoltage, V. = 50V
m = 1"IrF{[
30
R = o5 = 62mA
[, = L/=
= 62/n
= 19.74mA
= 12
= 62/2 =31mA
(i) ACinputpower P_ = F R
= (31x107)x(800)
= 0.768W
DC outputpowerP, = I *xR
= (19.74x 107y =800
= 0312W
(i) DCoutputvoltage = | =R,
= 19.74mA=80002
= 15.79V

rms=

Alternatively.
DCoutputvoltage = V /=
= 50/n
= 1582V
(iv) Efliciency = (P /P )x100
= (0.312/0.768)x100
= 40.62%
Solved Problem 7.2
Transformer secondary voltage of a full wave rectifier circuitis v=10sin(ot) and the load
is 2KQ. Neglecting diode's forward resistance, calculate

(a) V, (b) 1, (c) PIV (d) V  ofoutput (e) ripple voliage
Salition
(a) V

10 sin (ot)
= 10V



v = = 6369V
i L
(h} I.g.- = Vlk-fkl.
(9] .
= 6'36. =3.1845x 107 A
2x10°
= 3.1845mA
(c) PIV. = 2V
= 20V
. - 1I|"Irl'u
{ d} “‘I:Ill.'h = :,l‘-'hi-
10
-2
= J.071V
(e) Ripple voltage = ripple factor = 'V
= 0.482 %6.369
= 3.069V
Activity 4
Complete the table (Table 7.1). Analyze the table and state your
inferences.
(s | Parameter Halfwave Center Bridge 1
No. Rectifier tapped | Rectifier
Full wave
rectifier
I " nms
2. | 1,
3 Vo
4. | %efliciency
5. | Ripple Factor
6. | Peak Inverse Voltage
| 7. | Number of Diodes




e Whiclh rectifier, half wave or full wave is more efficient 7 Wiy ?

+  Peak Inverse Voltage of center tapped and bridge recifiers arve different
even though both of them are full wave rectifiers. Wiy?

With the help of your teacher, setup the circuit of a half wave rectifier and
a full wave rectifier m your lab and observe the input and oufput waveforms
in CRO,

e List the components yon used for assembling the circuit ?

e Measure the vollage across the transformer secondary winding
using an AC volt meter and the peak value of the output waveform
using CRO. Cowmpare the voltages obtained and state your
connients.

The AC voltmeter gives the rms value of the transformer secondary voltage.

From CRO we measure the maxinmm value or peak value, Hence both are
not equal.

7.0 FILTER CIRCUITS

The object of rectification is to provide a steady DC voltage. similar to the voltage from a
battery. It is seen that the output of a rectifier circuit is not pure DC, but it contains unwanted
AC components. [f'this pulsating DC is fed directly to the electronic devices they will not
function properly. Hence it becomes essential to reduce the ripples in the pulsating DC voltage
available from rectifier circuits. This is achieved by using a filter circuit which removes the AC
components and allows only the DC components to reach the load. These circuits are connected

v
X
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Fig 702 Schematie Biagram of Filter Cirenir



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 rectifier. At the output of the filter, we get a signal
with ripples suppressed.

Capacitor Filter

This is the simplest and cheapest filter. It consists of a capacitor C placed across the rectifier
output in parallel with the load R, . The pulsating DC voltage of the rectifier output is applied
across the capacitor. [t 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 offered by the capacitance to AC and DC are different.

The opposition offered by a capacitor is called capacitive reactance and its value is determined
by

X, =12nfC
for DC (f=0). the value of capacitive reactance is infinity and hence it provides an open
circuit for DC. However, it provides an easy path for AC (as fincreases, X decreases). That
means a capacitor offers a low reactance path to the AC components, where asto DC it acts
as an open circuit.

v 1
- i
AC + DC —- R
COMPONENT — cr 3R
ol
AATANS
0 12
.lr".ll'.: P ] Capaeitor Filter
DHIoODE
T —

+ “’F

— Fig 7. 13 (i) H‘H.I'I.rnu l-'m'r_';.;r.r'n;l

DC component will low through the load. Onlv a small part of the AC components passes
through the load. producing a small ripple voltage. The ripple voltage depends on the value of
the capacitor. Do you know why?

=,
T
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tivity 6

Connect the following circuil (Fig. 7.14 ). Use capacifors of different vnlues
such as 1 f, 104 fand 100w f, one after the other and observe the output

waveforms on a CRO in each case. Compare the results and state your
comments.

Bridge T
Rectifier i C IRL
CASE CAPACITANCE OUTPUT WAVEFORM OBSERVATION
VALLE

CASE] C=1wF

CASENl | C=10uF

CASEIN  Col00pF

« Does the value of capacitances affect the ripple content of oufput voltage ?
o If yes, why is it s0?



From the above activity we can see that the rvipple gets reduced as we increase
the value of the capacitor. This is because the capacitance increases as the
capacitive reactance decreases and hence inpedance offered to AC component
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 its
low cost, small size, light weight and good performance. It can be used with
both the half wave and the full wave rectifier circuits.

Alterating voltage or current can be converted to DC by means of rectifier circuits.
P-N junction diode is 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
halfwave rectifier. For fullwave rectification either two or four diodes are used. Two
diodes along witha center tapped transformer are used formaking center tapped fullwave
rectifier. The PIV for a center tapped fullwave rectifier is 2V . Four diodes are used for
making bridge rectifier. The PIV for a fullwave bridge rectifier is V_. Theoutput from
a rectifier is not pure but pulsating DC. Ripple factor is a measure of purity of the
rectifier. For a half rectifier itis 1.21 and for full wave rectifier it is 0.48. The efficiency
of arectiflier is the ratio of DC power output to the AC power input. The maximum
efficiency of a half wave rectifier is 40.6% and for fullwave rectifieritis 81.2%.

.-~ Leaming outcomes

The learner is able (o

o  Explainthe need for rectifiers.

e  Demonstrate and thus explain how a diode acts as a rectifier.

e  Explainthe working of a half wave rectifier.

e  Derive and calculate the efficiency of rectifiers.

e Explainthe conceptof ripple factor.

o  Explain the working of full wave rectifier.

e  Distinguish between RMS and average values of rectified output.
e  Explain the need for filter circuits in rectifiers.



€valuation items

Multiple choice questions

The ripple factor of a bridge rectifier is
a) 0.406 b) 0.812
¢) 0.48 dy LI

Ina centertap 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] VIII b:i EVIII

¢) 12V d) none ofthe above

IfV_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 diode is

a) V. b) 2V
c) 12V d) none of the above

In a halfwave rectifier, the load current flows for

a) the complete cycle of the input signal

b) only for one halfcycle of the input signal

¢) less than halfevele of the input signal

d) more than halfcycle but less than the complete cycle of the input signal
Ina full wave rectifier, the current in each of the diode flows for

a) the complete cycle of the input signal

b) halfcyele of the input signal

¢) less than half cycle of the input signal

d) zerotime

To filter the AC component from the output of a rectifier. we can use the following
component

a) Inductor by Capacitor

¢) Inductor or capacitor d) Resistor

The filtering will be improved if we use a

a) large value capacitor b) small value capacitor

¢) value doesn't matter d) inductor only

Ina 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 tull wave rectifier is



a) 40.6% b) 81.2%
¢) 50% dy 100%
The value of ripple factor is always

a) 048

by 1.21

c) either 0.48 or 1.21 depending on the rectifier
d) anyvalue below .21

Answer Key

lLe 2Zb 3.a 4 b 5b 6.c 7.2 &b 9 b Ilc

Deseriptive type questions

I

If the peak value of voltage across the secondary winding in a half wave rectifier is
9V, what is the value of DC component in the output voltage and what is the
maximum efficiency of rectification?

Draw the output voltage waveform of a half wave rectifier and then show the
effect, on this waveform, of connecting a capacitor across the load resistance.

In practical circuits, full wave bridge rectifier is preferred over other rectifiers.
Explain.

Filter circuits are used to remove the ripples in the output of the rectifier. How is
filtering improved when the value of the capacitor is increased?

Explain how the term ripple factor is used to compare the performance of rectifiers.

The efficiency of a half' wave rectifier is just 40%. What happens to the remaining
60% power?

The frequency of the output of a half wave rectifier is 50Hz and that of a full wave
rectifier is 100Hz, Give reason.

IFany voltage variation occurs in the power supply, it will change the output DC
voltage of a rectifier. Explain
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INTRODUCTION

CONCEPT OF AMPLIFICATION.

TRANSISTOR AS AN AMPLIFIER.

BIASING OF TRANSISTOR FOR
AMPLIFICATION

FIXING THE OPERATING FOINT

SINGLE STAGE RC COUPLED
AMPLIFIER

MULTISTAGE AMPLIFIER

FREQUENCY RESPONSE OF
AMPLIFIER

AUDIO POWER AMPLIFIERS

OPERATIONAL AMPLIFIERS

AMPLIFIERS

INTRODUCTION

Suppose you 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
to increase the strength of the voice signal, The
enhancement of audio signal can be done with the
help of amega phone. But it is insufficient. [T we
can convert the voice signal or audio signal to an
electrical signal. we can increase the amplitude or
strength of the signal using electronic amplifiers. A
device which converts one form of energy into
another 1s called a transducer. So we need a
transducer which can convert audio signal into the
corresponding electrical signal. Microphone is such
adevice. The electrical signal obtained from the
microphone 1s strengthened or amplified using an
electronic circuit called amplifier. Now we need
another transducer to convert the amplified electrical
signal back to the sound form. A loud speaker can
be used to serve this purpose. The system which
contains microphone. loudspeaker and amplifier is
called as a public address system (PA system) which
can be used to deliver sound to a large gathering.

8.1 CONCEPTOFAMPFLIFICATION

Anamplifier is an electronic device which increases
the amplitude of a given signal. See Fig. 8.1. A
2mV input signal is amplified to a signal of the same
shape with an amplitude of 100mV. This implies
that the amplitude is increased 50 times. The amount
of increase is called *gain’ of the amplifier. [tis the
ratio of the output amplitude (amplitude of the output
signal) to the input amplitude (amplitude of the input
signal).
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Amplifiers are mainly of three types — voltage amplifiers. currentamplifiers and poweramplifiers.
In voltage amplifiers. the output voltage is greater than the input voltage which means that the
voltage is amplified. Similarly in current amplifiers. the current is amplified and in power
amplifiers, the power is amplified.

Output amplitude
Input amplitude

Gainofthe amplifie,A =

Amplifiers find wide applications in communication systerns, control systems and instrumentation
systems. For 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 of the volume control of a
radio, we are actually changing the gain of an amplifier inside?

8.2 TRANSISTORAS ANAMPLIFIER

Inpaut Cutput
Signal R, B, Signal

Fig. 8.2 Amplifier showing Input impedance Riand oput impedance Ro

[fwe apply a voltage V. 1o adevice across its input resistance R, it produces an input current
[ =V /R, Ifthe output current is I . then the voltage developed across the output resistance is
[ R.If R issmall and R _is large and if 1 >1. then the output voltage will be very high
compared to the input voltage. This results in voltage amplification. Any device that has such
characteristics can be used for voltage amplification. Bipolar junction transistor is one such
device.

As we have studied in chapter 3, when a transistor is operated in the active region, the input
junction is forward biased and the output junction is reverse biased. Hence it has low input
resistance and high output resistance. The transistor can function as an amplifier. because of
the transfer of current from a low resistance junction to a high resistance junction'. In both
common emitter and common base configurations, since the resistance values have the above

)

''The name transistor comes from this transfer of resistance - “transfer-resistance”™



feature, these can be used for voltage amplification. At the same time in the common collector
configuration. the input resistance is not low and the output resistance is not high. Hence 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 CE configuration, the input current is |, and output current is | . Since I _is [} times |,

CE configuration can provide current amplification also (current gainequal to 3 ). Similarly
CC configuration can also provide current amplification (current gain equal to +1). However,
in CB configuration current gain is less than unity. Do vou 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 CE
configuration is the focus of our further discussion.

8.3  BIASING OF TRANSISTOR FOR AMPLIFICATION

Usually the input signal of an amplifier is 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 of the transistor should be kept around 0.7 V.This happens for the
positive values above 0,7 V of the input signal, But for the input voltages below 0.7 V (including
the entire negative values), the transistor can be made conducting by applying a DC voltage at
the base of the transistor and it is called biasing,

Consider the circuit shown in Fig 8.3(a). 1t can also be drawn conveniently as in Fig. 8.3(b).
The emitter base 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 to reverse bias the collector-base junction.

Fiw, 8.3.a Ewmiter base puiction forward biased
and collector bave function riverse hioaved

To keep the transistor in the active region. the value of V_ should be between 0.6 V1o 0.7
V. To get the desired base current the value of V. must be fixed precisely. A resistor of

proper value can be used in series with the voltage source Ve o get the required base

* For DC amplification. we use special circuits, which will be discussed later.
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Fig, 8.2 Civcuit in Fig, 8. 3.0 - simplified Fig, 8. 3¢ Clrenit showing resisiors R wnd R

current (Fig. 8.3.¢). To fix the operating point (I_and V) at the required value, aresistor R,
15 placed at the collector terminal.

The biasing circuit can be redrawn as in Fig. 8.3.d
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Fie. 8.3.d4 Chewitof Fig. 8.3.¢ redrawa

It is inconvenient and expensive to use two separate voltage sources in a circuit. Hence we
can obtain two voltages from a single source as shown in Fig. 83.¢.
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Considering the input section and applying Ohm’s I
law Ve

Voo =-LESHV l,

L, = (VV,)/R, Illi : .
Since V<<V . itcan be neglected. Ry 3 Be

I'!!I - E.'E 'IIIRH
Here as V . is constant, once R is selected [, ‘\\"’m

becomes fixed. So this circuit 15 called fixed bias

circuit, ‘k /

Considering the output side of the circuit, Vi —7
V= LRGEV .

So ]‘_ = {V“. - Vn-.} ! R1
The supply voltage, V and R, fix the value of I,
and hencel (1.= £1,). Oncel.is fixed. VoS
also fixed (see equation) . Now both 1 _and V

are fixed and hence the operating point is also fixed. In this way. the transistor can be placed
in the active region of operation by choosing appropriate values of V__and R .

Fie & 3o Chrewr of Fig 8. 3.0 redrawn
with o sinele valtape sonrce.

But the fixed biasing has the following disadvantages
1) The operating point depends on beta of the transistor

2} Iteannot stop thermal runaway. ]+ Vee
These two cases are explained below,
Flow of collector current produces heat in the collector R, i Re

junction. This increases the temperature. Hence more
minerity carmers ane 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 onand finally.
the temperature at the collector junction increases to such
an extent causing the junction to breakdown. This process B
is called thermal runaway. The biasing configuration shown R, % Ry
in Fig. 8.3.1 avoids thermal runaway. Moreover in this
configuration, dependence of [ and V, on beta of the &

transistor is reduced considerably. This is desirable since iff -4
they are dependent on beta, as 1. and V., change. the w51 Volage divider biasing
operating point is also varied. Beta varies from transistor lo o
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transistor, It also varies with temperature and with the value of the collector current.

Fig. 8.3.1shows a voltage divider or potential divider network.

Voltage Divider biasing circuit

Voltage divider biasing circuit is the most widely used
biasing circuit, Compared to the fixed biasing circuit,
voltage divider biasing circuit contains an additional
resistor R, between the base and the ground. R-R,
forms the potential divider circuit. By suitably slf.lm.un_ap,
the values of R, and R, the operating point of the
transistor can be I' xed.

I, is the current through R, and I, is the current through
R The base current [ is W:r}- small. Therefore | = L+
and since 1, is very sm-'nll and can be nm,h.ctud f.= I

Considering the input side as in Fig. 8.4,

L,=1,
Applying ohm’s law to the input circuit.V =1 (R +R.)
or
Ve = LIRAR)
Voltage drop across R,=V =V _x (R,+ (R +R,))
Y =V x (R+=(R+R)) oo,
ButV, = V_ +V,,
. R,
ll = VHF-"II R‘E
Sinee | is approximately equal to [
I = W Ry s {2)

Considering the output side,

VL'(' = I{'Rc_‘+ Um- F Vm;
1,_,r“ = I,:RC + V{.E +1 R
VL.'I'_' = IL'RL' + vt'h + IL'Rf

.'l.l i\v
A K Dy

Fig 8.4 ”.ﬂr::r_'_{'.‘ divider ."n'nl'.'r:rj_.r ciretril wilh

varions cwrrents amd veltaees shown



Vo LR+ RO+ V.

Vi, = Vel R+AR)..coo.o. 3)

CE

From equations 2 and 3, it can be seen that 1 and V  are independent of beta. Thus the
operating point remains where it is fixed. Also changing the transistor does not affect the
operating point. Due to these reasons potential divider biasing circuit is also called the universal
biasing circuit.

Now let us discuss the effect of the emitter resistor R, .. It avoids thermal runaway by reducing
the collector current that oceurs due to temperature rise. When |- increases, |, also increases,
thereby increasing V.

Vl! - VHII+ vﬂi

Since V,, is aconstant as seen ineqn (1), increase in V, results in adecrease in V.. This
results in a decrease in I, which in tum reduces 1. Thus I is not allowed to rise to a high value
causing arise in temperature in the collector junction. Thus thermal runaway is avoided.

Solved problem 8.1
For the circuit in Fig.8.4 find V, and V_ values neglecting the value of V. Given R =10kE2,
R.=5 k€ R =10 k€2 R =5 kQ2
Ve = ""Iﬂ - Vnﬁ
V. = V. (f'V, isneglected)

P

"w’t.nltzlgﬂaul.lh-.et:rnimﬂ-."le'F = "v’ﬂ.x [Rz-s-{RIq- R?]

5k
= 15% =
= 5V
= = ‘Iurf:jRF.
= 510K
= 0.5mA
I, = L=05mA

1"';f:l o vq.‘c“ li-.“?“r +Re)
= 15- (0.5x15) =7.5V
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Calculate the DC bias voltages and currents for the potential divider biasing

circuit shown in fig.8.4 in which R =40Kk£2 R,=5 k€2 Re=5 k42 RE=1 keav
=12 V,V,,=0.3 V, £2=100.Verify these values using a voltmeler and ammeter.

5.4 FIXING THE OPERATING
POINT

In order to work as an amplifier. the operating
point of the transistor should be in the active
region. Now let us discuss how to fix the
operating point so as to get the best
performance, Consider three different points
A.B.C in the load line of the output
characteristics of a CE configuration shown in
Fig. 8.5.a
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Fig. 8. 54 CE aulpur characteristies. =%

Case 1: (]‘pﬂ'l’ﬂ“ﬂg [!Ill'bilil in the middle of SRowing the lood fine and operagting pots A, 1\"Ill:‘}:

the active region (point C)
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Fig 855 CE owmp characteristics showing
aperating point in the mifddle of the foadd Hine.
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in Fig.8.5b it can be seen that the operating point *C” is in the middle of the load line. The
variation of [, due to the input signal is shown in the graph of'i, in the figure.

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. [, 1,
and V_,_ canswing in both the directions to the maximum possible range. Now let us see what
happens ifitis 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 of the output signal is not sinusoidal or in other words, it is
distorted. For small input signals there may not be any distortion. But if we compare with
Case 1. it is clear that the maximum swing is not possible.

s
Fd .
r S N,
- # ;.
e

IcT 4

Vee

Clipping

Fig 8.3 ¢ CE owpw chaeacterisiles showing operaning

Poing gear fo e satiration region.

Hence A is not a suitable operating point for amplification.



Case 3: Operating point near the cut off region (point B)

As in Case 2, it can be understood from 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 point is
around the middle point of the load line. At this pointV  is half'V . as seenin Fig 8.5.b.
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So the main requirements of a biasing circuit should be:

I.  Toestablish 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 SINGLESTAGE 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 amplifier. A typical amplifier circuit is shown in Fig. 8.6.

)



The input signal to be amplified is given between the base emitter junctions. The output voltage
is taken from the collector terminal. C, is used to couple the AC input signal to the base. At the
same time it ensures that, biasing is correctly maintained. In the absence of C, DC bias voltage
at the base will reduce drastically. since it gets grounded through the source (source resistance
is very low) . C_acts as a coupling capacitor giving the AC voltage to the output (or next
stage) blocking the DC components.

Aswe have seen already Rb is a stabilizing resistor that prevents thermal nmaway by developing

a\nltﬂ;,e whose polarity is uppmllt to the forward bias applied Lo the base. In the absence of
AC input signal. the variation in the collector current is due to temperature variations. Change

Vee
R4 Rc
Ce
C b & olp
'’ L~
I
Vse
ac ifp signal @ Ves 0.7V
Vin Ra R.E 1
T Ce

-

Fig 8.8 Single stage RC couprléd amplifier

in DC bias voltage due to this is prevented by the voliage V, dcveiopcd across R, . The input
voltage to transistor base V=V _—V . When the value ut“u" i1s increased, the input voltage
Lo transistor base is red ur:ed W |11L|1 re:dum the collector Lurrent Thus any unwanted variation
in collector current is suppressed by the presence of R, Atthe 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 emuttr.r r-:sr-.l:ans:e is thus very low for AC. Thatmeans C_will
prevent AC voltage developing across R, which would otherwise oppose the input si Lnaj
voltage and reduce the gainof'the mnpliﬁer Atthe same time for DC it acts as an open circuit
and will not affect the DC bias. C, thus bypasses the AC components without being dropped
across R, . Hence itis called by pa.w capacitor. The output of the amplifier is coupled with to
the load using the coupling capacitor C, and the collector resistor R ... hence the name RC
coupled amplifier.

o



Gain
The expression for voltage gain of a CE amplifier is

Output voltage(V_ )at the collector terminal

Voltage gain. A = Input voltage (V)

i R./i.R
But R =Pr, andi =pi,
where R_is theresistance connected in the collector terminal and r_is the emitter diode
resistance.
Therefore A = R./r,
r 26mV/1,. (approximately)

Gain of an amplifier is usually expressed in decibel (dB).

GainindB = 20log,,(V_ /V,) =20log,,(A)

LTl 1

Solved problem 8.2

It the pain of an amplifier is 10, find the gainin dB

GainindB=20log,, %— = 20log 10

= 20x1=20dB
Activity?
Set up a single stage transistor
amplifier circuit using the
following components and
analyze the results obtained.

R, =33 ka2
R, =15k
R,=3.3k02 o
R, =330 k£2
C, =10 uF

Cc=10uF

C, =100 yF

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.
. Measure the voltage gain of the amplifier at 1kHz.
4. Measure the voltage gain of the amplifier for different values of load

resistor Rr
163
(15
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DECIBEL SYSTEM

Logarithmic scale is used to compare two powers. This is because an individual’s
seeing or hearing power varies non linearly. The number of bels by which a power
P, exceeds power P, is defined as

P,
Numberofbels = log F
1

Decibel is a smaller unit than bel;, decibel is one —tenth ofa bel
NumberofdB (decibel) = 10 x Number of bels

P2
= 10log FI dB

For anamplifier P, represents the input power and P, the output power. If V, and
V, are the input and output voltage of the amplifier

v
P R,
VZ
P, =R,

R is the resistance across which the power is developed.

Vi /R
1Glog ,, VIR

=, Number of dB

v v
:.Il.".'logmv_l_r_ = 2x lﬂlng,u?!

I
V,
=20 log (EJ = 20log  (Voltage gain)

or (Voltage gain)dB = 20log | (Voltage gain)




8.6 MULTISTAGE AMPLIFIER

A single stage amplifier may not be sufficient to provide the desired gain in certain cases. To
increase the gain more than one stage can be connected in series (cascaded). Such a cascade
of ampliliers is known as a multistage amplifier or cascaded amplifier.

Ay

Vi A

Va2 Vaa A, | Vi

VimAVL V= AV, iy V= VA

Fig. 8.8 Mulitsruge Amplifier

Overall voltage gain A=A A ..oooone A, Where A AL i A_tepresent the

individual amplifier gains
Gain of Multistage amplifier in dB
0o A = 0log & +200og AZF ... ey vonemrees +20log,, An
A T Ay TAym T Ay

Solved problem 8.3

A multistage amplifier consists of three stages with voltage gain 30,50 and 80 respectively.
Calculate the overall voltage gain in dB.

Overall gainA  =A, . +A

A

IfdHy

dBy

= 2

iy

-

1]

Allernatively,
A

HidBy 2B

20 log,, 50=33.98dB
20 log, 80 =38.06 dB
29.54 + 33,98 + 38.06
101.58 dB

A x A A,
30 % 50 = B0
120000

+A
20 log,, 30 = 29.54 dB.

By



+. Overall voltage gainindB 20 log, , 120000

101.58 dB
8.7 FREQUENCY RESPONSE OF AN AMPLIFIER

Frequency response gives the response of the amplifier for different frequencies. 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.

A‘o‘ --------
Y Y A A\_-
2 , .
i 1
Volta ' '
og,i.?a ! mid frequency J
Ay :‘ region g
l |
L L log f
f f,

Fig. 8.%a Frequency response of ampfifier
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 (£ ) and upper cut off frequency

(£,)

The lower and upper cut off frequencies are defined as those frequencies where power gain
of the amplifier decreases to half the mid frequency gain. These points are also called half
power points. In decibels. the pu".\-'t.'r decreases by 3dB. Correspondingly at hall power

points, the voltage gain falls to J_ (or 0.707) of the mid frequency gain.

Bandwidth

The mid frequency range of an amplifier is specified by the parameter bandwidth. Itis the
difference between the cut off frequencies f, and f . The bandwidth specifies the range of
frequencies over which the amplifier can pmde mnstant gain.

Fall of gain at low frequencies

The coupling and bypass capacitors are provided to offer almost zero impedance to AC
signals. In other words they should act as short circuit to AC. Bul capacitive reactance is
inversely proportional to frequency.

-
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¢ 2nfC
Soas frequency decreases, the capacitive reactance increases. Hence they cannot be replaced
by short circuits at low frequencies.

The input coupling capacitance offers a high reactance at low frequencies. Due to thisa
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. €, which is used to bypass R _also cannot do
the bypassing action ef e::twel}r due to its high rea{.tmme to AC. This Ldu:,e'-: a voltage drop
across R, resulting in gain reduction.

Fall of gain at high requencies

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 of the region
there are charge carriers. This results in a capacitive effect.

Capacitance C_ between the base and the collector connects the output with the input Fig.
8.9.b. At low frequencies, since the reactance is high it is almost an open circuit and hence
there is no effect. But at high frequencies since the capacitive reactance issmall. it provides a
conducting path between the input and the output. This will effectively reduce the input and
there by the gain.

& olp

Vel

Fig 8 Sh Diaeram showing function

capacitances of Rhigh freqguendies



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, 1 MHz efc.

3. Plot the frequency response curve.
Measure the bandwidth.

Based on the frequency of operation. amplifiers can be broadly classified as audio frequency
amplifier, radio frequency amplifier and video amplifier. Audio frequency amplifier is for
frequencies between 15 Hz and 20 kHz, radio frequency amplifier for frequencies between
10 kHz and 1000 GHz and video amplifier for frequencies between DC to 6 MHz.

Chieck your progress.
e Specify the significance of frequency response curve in the
design of amplifiers.

8.8 AUDIOPOWERAMPLIFIERS

As the name implies, audio amplifiers are used to amplify the audio signals. It is an essential
component in public address systems, radio, tape recorder, TV ete. The RC coupled amplifier
we have discussed. can be used as an audio

amplifier. As we have seen. it is a voltage amplifier. Voo

In many systems, we need multistage amplifier is
to get the desired gain. The initial stages will be

voltage amplifiers, whereas the final stage will be "G‘G

a power amplifier, so as to deliver the maximum

power to the output device (eg. loud speaker). Caii

Let us now look ata typical audio power amplifier JI |
that can be used at the final stage of' a public

address system (Fig. 8.10a). The output device
connected to an audio amplifier is a loud speaker. Ra
The impedance of'a typical loudspeaker is 8 ohms. Ce
Soifitis connected directly the effective load

resistance will be very low, This in turm makes l_

the gain very low. This problem can be solved

mﬂ
| 1
]|

Fig. 840 ¢a) Power Amplifier

-
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by using a transformer to couple the output w the loud speaker. This arrangement is hence
called transformer coupled amplifier. 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)

: Pre-
Micro Voltage Power Loud

sound input phone amplifier amplifier amplifier speaker

Fig. &1 rfy
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
extensively 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 for an amplifier on a single silicon chip. The main characteristics of an op-amp are

o Very high gain (ideally infinite)

e Veryhigh inputimpedance (ideally infinite) and very low output impedance (ideally

Fera)

e Veryhigh bandwidth (ideally infinite)

An operational amplifier only responds (o the difference between the voltages onits two input
terminals, known commonly as the “Differential Input Voltage”. Then if the same voltage is
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 negative or "minus” sign. ( - )and the other one
called the Non-inverting Input. marked with a positive or “plus™ sign ( + ) and one output.

Fig, 810 Sembalic representalion of opamp

The input to the Op-amp can be given either to the inverting terminal or to the non- inverting
terminal. If the input is given to the inverting terminal. the output will be inverted in comparison

)




with the input, whereas when it is given to the non-inverting terminal, it will be in phase with the
InpuL

741C 15 a popular operational amplifier which is an 8 pin IC.
Input Offset NC
Inverting Input +Vee Supply
Mon-inverting Input Output
-Vee Supply 5 | Input Offget
k WA T41 )
Inverting Amplifier

When the Op-amp is used as inverting amplifier, the input signal is given to the inverting input.
Now the output signal is 180° out of phase with the input signal.

Ry

+Vee
R;
AAM——
T ;
Viu V
out
l -Vece |
o o
Fie 8 1.5 Inverring Amplifier Circuit
.-.RI
A=TR

Where A represents the gain of the inverting amplifier
Non Inverting Amplifier

When the Op-amp is used as non inverting amplifier, the input signal is given to the non
inverting input. Now the output signal is in phase with the input signal.

D
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Fig. 8 11.c Now-frverting Amplifier Cireuit

The gain of the non-inverting amplifier is given by:

fpik
= SR

Setup an integrator Circuit and a differentiator circuits with R=1K and
C= 0.02 yF. Set up a square wave of 1KHz frequency and 1V peak to
peak value as input V. .Observe the output waveform on the CRO.

| W

+Vee C +Vee

l -Vee \1 il -Vee {

a) Integrator b) Differentiator

Fig 8.12

e Design an inverting amplifier for unit voltage gain




An amplifier is a device used to raise the strength ofa weak signal. Amplifiers can be
classified into voltage and power amplifiers. In voltage amplifiers the output resistance is
much greater than the input resistance. CE configuration is commonly used due 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 1. Thus the temperature of the
collector junction increases and the junction breaks down, This process is called thermal
runaway. The voltage divider bias with emitter resistor. avoids thermal runaway. In fixed
bias circuit, once R is selected, 1, becomes fixedand V. =V .+ IR . In voltage
divider bias circuit. the equation for the output sideis V. = L. R4V +1 R, Here
since dependence of I and V on beta are reduced significantly. the operating point
remains fixed and this eircuit is also called universal biasing circuit. For the transistor to
act as an amplifier. the operating point must be in the active region, The most suitable

v,
position of the operating point is at the middle of the load line where V= — = . The gain

vV
ofanamplifierindB 1520 log —Vi Afanumber of amplifiers with gains A ALALL ...

are cascaded, the gain of this multistage amplifier A=A, = A x A, x.....and expressed

I dbISA S AL ob ALk cias +A sy The response of an amplifierat different

i) i

Irequencies can be obtained using frequency response curve. From this curve, it can be
seen that the gain remains constant only at mid-frequency region. i.e. the frequencies
between the lower cut-off frequency (f] ) and the upper cut-off frequency (f ). Thus the
range of frequencies (f, - f, ) over which the amplifier provides constant gain is called
bandwidth. An Op-amp is a three terminal device consisting of two high impedance
inputs i.e. inverting and non-inverting inputs. Se it can be used as inverting and non-
inverting amplifiers. Op-amp are extensively used for signal conditioning. filtering and for

The learner is able to

e«  Explain the concept of amplification

e Point out the use of transistor as an amplifier

e  |dentify the need for biasing circuits in transistor amplifiers

e Draw the graph and thus explain the gain and frequency response of the amplifier



Explain the reasons for gain reduction at low and high frequencies

Point out the significance of operational amplifiers in linear circuits

Draw the the Pin configuration of 741C

Explain the importance of having operational amplifiers as amplifier circuits

Draw the circuit diagrams and thus explain the inverting and non inverting
configuration of 741C.

€valuation items

Multiple choice guestions

b

2)

4)

6)

The transistor configuration which can't be used for voltage amplification is

a. CE configuration b. CB configuration
¢. CCconfiguration d. Allofthese can be used

Which transistor configuration is most commonly used foramplification

a. CE configuration b. CBconfiguration
¢. CCconfiguration d. Noneof these

The transistor biasing method which helps to avoid thermal runaway

a. Fixed bias b. Voltage divider bias

¢. Collector to base bias d. Emitter to base bias
When voltage divider bias circuit is used

a. Operating point depends on current gain

b. Operating point shifis towards saturation region.

¢. Operating point is independent of transistor parameters

d. Collector current varies as temperature raises

The gain of an amplifieris given by

a. logV _/V, b. 20lnV_/V_

¢. 20logV_/V,_ d. InV IV,

The voltage gain of an ideal Op-amp is

a. Zero b. 100%

¢. Infinite d. Cannot be predicted



7)  The input impedance. output impedance and bandwidth of an ideal Op-amp are

respectively
a. Infinite. zero. infinite b. Zero. infinite. zero
¢. Zero, zero, infinite d. Infinite, infinite, zero

8) If A . A, and A, are the voltage gains of the three amplifiers which are cascaded then
the overall voltage gain will be

a. A +A, +A, b. A .AuA,
c. A A+ AA, d. A A AJA+A+ 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 of phase withinputd. 270 out of phase with input

10)  Which of the tollowing is also called universal bias circuit of anamplifier?

a, Fixed bias b.. Voltage divider bias
¢. Emitter to base bias d. Base bias

Answer Key

e 2)a 3)b 4)c Se¢ 6c Na 8 b 9%e 10) b

Descriptive tyvpe questions

I.  Draw and explain the function of the fixed bias circuit used in amplifiers.

b

Compare fixed bias and voltage divider bias used in amplifiers. What are the
advantages of voltage divider bias circuit?

3. Whatare the main requirements of a biasing circuit in an amplifier?

4. With a neat circuit diagram explain the working of a single stage RC coupled
amplifier.

5. Draw the required curve and thus explain the frequency response of an amplifier.
6,  Find an expression for the gain (in dB) of a multistage transistor amplifier,

7. Draw the circuit diagram and thus explain the inverting and non inverting
configurations of an Op-amp.

%, Show that the most suitable position of the operating point of an amplifier is at the
middle of the load line.

9, Classity amplifiers on the basis of their frequencies of operation.
10.  What are the applications of Op-amp.
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INTRODUCTION

An electronic oscillator is a circuit that produces a
repetitive, oscillating electnic signal, offen a sine wave
or a square wave. Oscillators generate AC signals
of different frequencies by drawing power from a
DC power supply. Oscillators generate frequencies
ranging from a few Hz to several MHz, They are
mainly used inelectronic communication circuits such
as radio, television, RADAR etc. In various
communication circuits. oscillators are used to
generate high frequency signals to carry messages.
Oscillators are often characterized by the frequency
of theiroutput signal.

e Anaudio frequency (AF) oscillator produces
frequencies in the audio range (20Hz - 20kHz).

e A radio frequency (RF) oscillator produces
frequencies in the radio frequency range.
{100kHz -30MHz)

Square waves are generated with the help of
multivibrators. The other wave forms such as
triangular waves can be obtained by shaping the
square waves.

9.1 ALTERNATINGSIGNAL GENERATORS

We are familiar with the electric supply voltage
provided in our houses which is of sine wave having
a frequency of S0Hz. It is produced by an alternator
(AC generator). An alternator is a mechanical device
having rotating parts. It converts mechanical energy
into electrical energy. But an alternator cannot
produce very high frequencies. since the mechanical
parts cannot be moved at a faster rate. An oscillator
differs from an altemator in the following aspects.



I. 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
casily changed when required.

Find the frequencies of FM channels in
your locality.

9.2 TYPESOFOSCILLATIONS
Sinusoidal oscillations can be damped or
undamped. The electrical oscillations whose
amplitude goes on decreasing with time are
called damped oscillations see Fig 9.1 (a). This
happens because the cireuit in which oscillations
are generated has ohmic losses and energy is
being lost as oscillations are produced.

In undamped oscillations Fig 9.1 (b). the
maximum amplitude of sine wave does not
change with time. In this case, right amount of
energy is being supplied to overcome the energy
losses in the circuit. In electronic oscillators. an
amplifier is used to supply energy to
compensate the losses.

"mlru.h:ch

Fig O Ha) Bamped Oxcillutions

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)
and if it is contained in the frequency,
itis 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 A

Fig 9 k) Unclamped Osetllorions




Take one long piece of rope and fix its one end. You hold its other end in
your hand and move your hand up and down.

If you make only one imove, then you can see oscillations in the rope and
these oscillations die soon. It is an example of damped oscillation.

Instead of making 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 ofany desired frequency is
known as tank circuit. To understand the generation 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. If we
push the bob to one side the pendulum moves and it sweeps out a circular are, moving back
and forth in a periodic fashion (or it oscillates), During the oscillation, the bob goes to the
extreme position at one side, stops there for a while and returns to the mean position. It does
not stap 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. The potential
energy of the pendulum is maximum at the extreme positions but the kinetic 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 is maximum at the mean
position. The pendulum oscillates because of the energy transfer 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 due to air friction. the energy of the
pendulum decreases and oscillation decreases or the amplitude of the oscillation decreases
gradually and it dies out finally. If we give energy to compensate this loss. the oscillation
becomes steady and we get sustained oscillations.

The oscillation produced in the tank circuit of an oscillator is analogous to 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 electric energy is stored in the capacitor. The working of the tank circuit is discussed
in the next section.

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

T
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out a signal at a particular frequency from a
more complex signal. They are the key
components in the LC oscillators,

V.

The LC circuit we have discussed is an
idealized model since it is assumed that, there
is no dissipation of energy due to resistance.
But the practical implementation ofan LC
circuit always includes loss of energy resulting
firom a small but non-zero resistance within
the components (L and C) and connecting
wires, The purpose of an LC circuit is usually
to oscillate with minimal damping, so the
resistance is made as low as possible. The
operation of'a tank circuit is explained below,

N

Fig 9.2 Tonk cirenit

The capacitor stores energy in its electric field E and the inductor stores energy in its magnetic
field B. If a charged capacitor is connected across an inductor, charge will start to flow
through the inductor. building up a magnetic field around it. The voliage 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 to flow. because
the inductors resist changes in current. The energy to keep the current flowing is 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 field is
completely dissipated. the capacitor will be fully charged. The capacitor now starts discharging
and the current flows charging the magnetic field. Then the cyele will begin again, with the
current flowing in the opposite direction.

The charge flows back and forth 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 is lost in the internal resistances and the oscillations die out
soon. This action is similar to a pendulum swinging back and forth. The frequency of oscillations
cenerated in the tank circuit is the resonant frequency of the LC eireuit. Ifwe plot the variation
of the current in the inductor or the variation of voltage across the capacitor with respect to
time, we get a sinusoidal 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 of 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
given to an oscillator with the help of an amplifier in the circuit.

Basically we have two tyvpes of oscillators. They are LC oscillators and RC oscillators. An

o



oscillator has two parts - an amplifier and a feedback network. 1f the feedback circuit isan
LC eircuit, the oscillator is called LC 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 unitafier studving
the Barkhausen criterion for 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 frequency selectivity. The ability ofa circuit to
select a signal of a particular frequency from a group of large number of signals having
different frequencies is known as frequency selectivity. An LC tank circuit is a tuner which can
select a frequency which is equal to its resonant frequency.

How is a particular frequency selected by an LC circuit? Itis explained below.
Thetotal 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, is the reactance ol 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,
isequal to X_. So Z= R. Thus ata particular frequency for which X_becomesequal to’X, . the
cireuit produces maximum response or current. This frequency is known as resonant frequency.
In this condition. the circuit 15 said to be in resonance. For other frequencies, the response of
the circuit will be less. The tank circuit thus selects its resonant frequency from all other
frequencies by providing maximum response to this frequency. At resonant frequency,

X =k
2fl. = 1(2afC)

we get, |

|
2o LC
It is seen that different frequencies can be selected by varying the value of L or C. Usually C
is varied with a variable capacitor and this process is called tuning.

"
o

An LC oscillator has an LC tank as its feedback circuit. When the DC power supply of the
oscillator is switched ON, a very large number of different frequencies are produced in the
circuit (refer the content given in the box). The LC tank circuit of the oscillator is a resonant
circuit and it selects only one frequency which is equal to its resonant frequency from these
different frequencies. This frequency will be amplified by the amplifierand sustained oscillation
of that particular frequency is obtained. Thus frequency of oscillation is determined by the L.C

(1)



tank circuit.

A sudden change in voltage contains a large number of sine waves having different
amplitudes and different frequencies. These frequencies occuras harmonics. The
frequencies range froma few Hz to several MHz.

Consider that a voltage source of 10V is switched ON, the voltage changes suddenly
from OV to 10V as shown below in fig 9.3(1).
10V 10y

oV Fig. 0.3 Y

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 LC oscillators are not used for generating low frequencies below 20K Hz. Why?

The frequency of oscillation of an LC oscillator is given by
fo=12n1LC

They are good for generating high frequencies. But for low frequencies, (say audio frequencies),
the L.C oscillators are impractical since high value of inductance and capacitance is required
according to the above equation. The size of the inductor and the capacitor are very large, if
the value is high. In this case RC oscillators are suitable. since large value resistance is not
large in size. Also with the advancement of IC technology. RC oscillators are more feasible
since it is very difficult to make large value inductance in [Cs. Therefore RC oscillators are
becoming increasingly popular,

2.4 CONCEPT OF FEEDBACK

Feedback is the process of providing a fraction of output back to the input of a svstem. 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 same phase as that of 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 180" with input voltage and hence when it is added. the effective
input decreases.

Positive Feedback

In Figure 9.4, the amplifier has gain " A’ and the feedback factor is *[i". Now a part of the

i
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output voltage is taken back to the input side so that this feedback voltage V supports the
actual input signal V . Note the polarity of the signals V and V. Now the input of the
amplifier is

V_+ V.. The type of feedback here is positive feedback.

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 feedback voltage V| opposes the input signal V... Note the polarities of the voltages
V and V (V is 180" out of phase with V hence negative polarity). Now the effective input
to the amplifier is V_ - V. This type of feedback is known as negative feedback.

The input voltage without feedback is V, and the corresponding output voltage is V, = AV,
With feedback, the effective input v uitau,c is V- V. Sothe output voltage is V, =A {V -V }

.,
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Clearly the output voltage decreases when there is a negative feedback in the system. In other
words the negative feedback reduces the gain of the svstem. Negative feedback is 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 of an oscillator containing amplifier and feedback circuit.

- J -

0 A t v
. 4 .
- p =
¢ .

F.'Is,:. U6 Block a.fn'Erg.r'uﬂJ of an ascillator
The gain of the amplifier is A and the gain of the feedback network (or feedback factor) is fi.
We know that an oscillator generates an AC signal, taking energy 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 of sinusoidal oscillation.

From Figure 9.6, we can see that a fraction of the output voltage pV , reaches the input of the
amplifieras V.

Thus we have V, = AV,
V. = BV,
orV,= AV, = ApV,
Thisispossibleonlyif Af = 1.

-
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If'the output of the system has to remain constant at V| with time (sustained oscillation), then
AP should be unity.

What happens i AP 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,

Case LAB <1
Take AP =08.A=2.p=0.4 (see Figure 9.6)
KV, =
InputV, = BV, =04 x1=04V.

Now output voltage Vo = VixA=04x2=08
ie output voltage is decreased from |V to 0.8V
What happens next?

NowV = 0.8Bvolts.
V. = pV,=04x0.8=032V
SooutputV, = 2x0.32=0.64.

In this way, the amplitude of the output voltage continuously decreases and after some time
the oscillations die out. Such an oscillation is called a damped oscillation. Refer Figure 9.7 (a).

Case I1, Ap > 1
Take A=2.p=0.6 orAp=1.2  (seeFigure 9.6)
we haveoutputV, = lvol.

SotheinpmtV =pV, = 06x1=0.6V

Nowoutput V,=AVi = 2x0.6=12V
Now output voltage is increased from 1V to 1.2V. What happens next?
NowV, = 12V
InputV.=pvV, = 06x12=0.72V
Sooutput V. =AVi = 2x072=1.44V

In this way the amplitude of the output voltage continuously grows and such oscillations are
called growing oscillations. Refer Figure 9.7 (b)



Case lll, Af=1
Take A=2,.=p0.5
we have V= 1v
Sotheinput V. =pV,_=0.5x1=0.5v
With this input, output V, = AV =2 x 0.5= 1v

We see that the output voltage remains the same in this case and such oscillations are called
sustained oscillations. Refer Figure 9.7 (¢). We need sustained oscillation at the output of an

oscillator,
.l"d‘ ’!
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MNow we have leamed that the magnitude of Af} should be unity (|AB|= 1) to get a sustained
oscillation. The second condition is that the total phase shift introduced in the signal when it
moves around the closed loop containing amplifier and feedback network must be 360°or (°
(Vi=[Vo. so the 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 (. If the amplifier introduces a phase shift. the
feedback network should produce an additional phase shifi. so that the total phase shifi becomes
360", Forexample ita 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
3 should be 1807

Thus we can conclude that the conditions for sustained oscillations are;

-
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Magnitude of A =1 and
Phase of A = 0%r 360°

These conditions are known as Barkhausen criterion for oscillation,

f

L

A
The gainof an amplifier with positive feedback isgiven by A, = ~——=. When the loop

gain AP = 1. the gain of positive feedback system becomes infinity. 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,

1- AP

9.6 OSCILLATION IN RC OSCILLATORS

RC oscillators have feedback circuit containing RC network. The phase shift produced by an
RC network depends on the frequency of'the signal. The phase shift produced by an RC

network is given by

0=tan" [1/(2nfRC)]

Thus if the amplifier produces 180° phase shift, then the RC network must produce another
1807 phase 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 RC OSCILLATORS

The two most important RC oscillators are

(1) phase shift oscillator

(2) Wien bridge oscillator
Phase Shift Oscillators

Let us discuss an oscillator for which
Op-amp acts as amplifier stage and
three RC sections function as feedback
cireuit (Fig 9.8).

The Op-amp used is in inverting mode
and hence there is 180" phase shift
between its input and output. The three
cascaded RC sections should provide
the additional 180" phase shift for the
oscillation to start. Since we have used
three identified RC sections. each RC
section must provide 60" phase shift,

i
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As we have already seen. a large number of different frequency sine waves are generated
when the DC supply is switched ON. Ata specific frequency when the phase shift of one RC
section is 607, the phase shift of three RC sections becomes 180" and the circuit will oscillate
at that frequency (Fig 9.9).

c2 c3
Input Cutput Input Ouiput
l 4 o i Il o
g 1 Trz V1 a3
|
+ RS -5 +‘ * 34 3+
0 | &0° n® 60" 120° 180°
° —0 = ‘ + o)
Input
Cutput
o]
Ca - ='ﬂ,
—-EEF-

Singte Stage Three Stages
Fug 9.8 RC staees and corresponding phase sfifis
The frequency of oscillation is given by
{ = 1/27RCJg)

Ifwe calculate the value of feedback factor P at this frequency, we get

B = 129
(Note: derivation is out of the scope of this textbook)
Soas per Barkhausen criteriaA = 29
Forthe inverting configuration, A = -R_/R,
Al = R./R,
or R, = 29K,

To obtain a desired frequency of oscillation, choose a particular value 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 400Hz.



Solution

LetC 0.1 uF. then from equation

f = 1/2aRC.g wehave

R = 1/2afoC 6 1/(2m x 400 % 0.1 x 10°x /g )
= .63 K2

TakeR, = 29R,

Ched i oo

oY (e

Design a phase shift oscillator for i) 1kHz and ii) 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 one arm and parallel RC circuit in the adjoining arm. The resistors R, and R_are
connected in the remaining two arms of the bridge.

R,
—L

R C
w—]|
~E == ¢

Fig Q.10 Wien Bridee Oscillator

For sustained oscillation, the total phase shift around the network must be (¢ 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 phase shift in the signal.
This condition oceurs only when the bridge 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

fo=1/2aRC
If'we calculate the feedback factor. 3 at this frequency. we get
F=1/3
To satisfy the Barkhausen criterion, the gain of the amplifier
A=1p=3
So the gain of the non inverting amplifier, A= 1+R /R, =3or R/R, =2.
ie.. R, =2R,

Wien bridge oscillator has a very good frequency stability and the frequency can be varied
easily to a large range.

Design a Wien bridge oscillator for i) 950 Hz and ii) 1.5KHz.

9.8 ASTABLE MULTIVIBRATOR

It is a square wave generator and its output waveform has only two voltage levels; either high
state or low state. Here the Op-amp operates in saturated regions - positive saturation (+V_
=+V_.Jand nr.:gat.ivc saturation ‘{-\-’:‘ﬂ =-V,..). The output of the Op-amp s:-a'in g5 het"..vc::p
+V_ and-V_ continuously resulting in a square wave output. An astable multivibrator circuit
using Op-amp is shown below:

Fow 800 Astable Muftovihrator



The operation of the circuit is explained below.

The differential input voitage of the Op-amp. V=V -V,

ifV,is positive, or V| > V. the output of the Op-amp goes to positive saturation, +V_ .
IfV,, is negative, or V, < V., then output of the Op-amp goes to negative saturation. -V ..

Assume that the capacitor. C is initially uncharged and voltage across it is zero. So V=0
Now, when DC supply is switched ON, there will be a small output offset voltage, *V_ . _“.
I we assume that, this V is positive. then this voltage is divided between resistors R and

o iilllised |
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 oo (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 voltage slightly goes above V .
V=V, -V, becomes negative.

The output now switchesto-V__.SoV _=-V__

V, is now a negative voltage.

Now the capacitor discharges and charges negatively through *R’. So the voltage across the
capacitor increases negatively. When this voltage 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 __afier fixed time intervals. Thus we get square
wave output.

The time period of the output square wave,
T=2RCIn[(2R,+R,V/R,]
To simplify this equation, take R, = L.16 R,
Then we get
T=2RC

or frequency. £, = 1/T=1/(2RC)

Thus the frequency of the square wave can be easily varied by a variable resistor or a variable
capacitor. The square wave form with variable ON and OFF time can be used lor difTerent
timing applications.

Solved problem 9.2

Design a square wave generator for | kHz.

)



Solution

Take R, = L.16R,so that we can use simplified equation, fo = 1/(2ZRC)
LetR, = 10K, SoR, =1.16=10 =11.6 KQ
letC = 0.01uF
So R = 12foC)=1/2=1=x107=0.01=10")
= 50 KQ
Check your progres

Design an astable multivibrator of frequency i) 15 kHz ii) 100Hz

9.9 CRYSTAL OSCILLATOR

The most important feature of an oscillator is its frequency stability. The frequency 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 precise frequency. It uses a piezoelectric 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 crystal oscillators, Quartz erystals are manufactured for frequencies from a few 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 erystal of quartz is properly cut and mounted. it can be distorted in an electric field by
applying a voltage to an electrode near to or on the crystal. When the field is removed, the
quartz will generate an electric field as it returns to its previous shape, and this can generate a
voltage. Ifan AC voltage is applied to the erystal, it will vibrate (contract and expand ) at a
frequency equal to that of the applied voltage. Otherwise, if the crystal is made to vibrate
mechanically. it will generate an AC voltage at a frequency equal to that of the vibration. This
property is known as piczoelectricity. The result is that a quartz crystal behaves like a circuit
L ]
s
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composed of an inductor, a capacitor and a resistor, with a precise resonant [requency. The
resonant frequency of a erystal is determined by the cut and size of the erystal. 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 [requency is
afew kilohertz lower than the parallel resonant frequency. Crystals below 30 MHz are generally
operated between series and parallel resonance. Crystals above 30 MHz (up to 200 MHz)
are generally operated at series resonance where the impedance is at its minimum and equal
to the series resistance, To obtain higher frequencies. 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 toas a 3™, 5" oreven 7"
overtone crystal, To accomplish this, the oscillator circuit usually includes additional LC circuits
to select the desired overtone produced by the erystal. Also the frequency produced by the
crvstal oscillator is almost independent of temperature.

Activity 4

Set up an astable multivibrator to switch an LED ON and OFF with a
time period of one second.

Solution Fec =10
- i 1[[:}}1@2‘““1: -
BC4 BC 147
Fig 93

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 to generatea
square waveform with a time period of 1 second.

Let C=10uF
Now 1=1.38R x10x10° orR =72 K£2

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.



An electronic oscillator is an amplifier with positive feedback. Oscillators are essential for a
variety of applications in electronics. One main application is in the field of communication.
The function of amplifier in an oscillator is to supply necessary energy to the oscillating
circuit so that sustained oscillations are set up. In LC oscillators, the L.C tank circuit is used
to produce oscillations and in RC oscillators. the RC network selects a particular frequency
from the noise signal which is produced when the DC source is switched ON. Also the LC
circuit has the property of resonance and frequency selectivity. The amplifiers use negative
feedback to improve its response and at the same time positive feedback is used in oscillators.
The Barkhausen criterion is a necessary condition for oscillation and it says that the magnitude
of loop gain A should be unity and angle of A} 1s 360",

The two common RC oscillators are phase shift oscillator and Wien bridge oscillator. The
CE amplifier produces a phase shift of 180°. In phase shift oscillator the remaining 180"
phase shift is produced by the feedback network since each of the three RC sections produces
aphase shift of 60’ . The frequency of oscillation is determined by the values of Rand C in
the RC network. In Wien bridge oscillator. the amplifier as well as the feedback 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 ¢ircuit
operation. Its frequency of operation is determined by the circuit components R and C.

The crystal oscillator uses piezoelectric materials such as quanz crystal to determine the
frequency of oscillation. The frequency is dependent on the thickness of the erystal. The
thinner the crystal, the higher is the frequency produced. A crystal oscillator has a very
good [requency stability also.

©

The learner is able to

Point out the need for oscillators.

Explain the generation of oscillations.

Explain the working of a tank circuit

Point out the significance of feedback.

Explain Barkhausen criterion for oscillation.

Explain the generation of oscillations in RC oscillators.
Explain the construction of RC oscillators

Draw the circuit diagram and hence explain the working of square wave
generator.
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Multiple choice guestions

'_-.-'l

Which of the following is a feature of an oscillator?

a) The operationis noisy.

b) The frequency of operation cannot be varied easily.
¢) Itcan produce very high frequencies.

d) Itisamechanical device.

Anoscillatorisan ..............

a) amplifier with negative feedback
b) amplifier with infinite gain

¢) amplifier with unity gain

d) none of these

An RC oscillator is suitable for generating ..............

a) RF frequency b) audio frequency
¢) microwave frequency d) all ofthese

An LC oscillator cannot be used to generate very low frequency because ..............

a) thesizeofl L and C becomes very small

b} the size of L and C becomes very large

¢) oscillations will not start at fow frequencies
d) the oscillator becomes unsiable

For an oscillator circuit. the phase shift around the loopis ...

a) 90" b) 180"

¢) 360" d) 270°

An RC phase shift oscillator has .............. RC sections
a) 2 b) 3

c) 4 d) 5

The minimum gain of the amplifier in RC phase shift oscillator is.............
a) 10 b) 50

¢) 100 d) 29

Generally negative feedback is used in .............

a) amplifiers b) oscillators

¢} multivibrators d) all ofthese



9. The frequency of an oscillator is determined by..............
a) gainof'the amplifier
b) the specifications of the Op-amp
¢) the components in the tank circuit
d) the value of feedback factor

10.  In Wien bridge oscillator, the phase shifi introduced by the feedback network is.....coveeee

a) 0" b) 90°
¢) 180" dy 1207
11, The signal generator generally used in the laboratories is..............
a) Wienbridee oscillator b} Hartlev oscillator
¢) Crystal Oscillator d) Phase shift oscillator
12, Inanoscillator, the gain of the amplifier is 50. The attenuation of the feedback circuit
ust B
a) 1 by 0.01
¢) 10 d) 0.02
Answers
l. ¢ 2.b ib 4. b 5.¢ 6. b 7.d
8. a 9.¢ 10.a 11.a 12.d

Descriptive type questions

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 shift oscillators?

- SR

6. Write short notes on the following.
a) RC oscillator b) phase shift oscillator c) Wien bridge oscillator

7. Fora phase shift oscillator, C=0.1pF, R=3.9kQ. Determine the frequency of
oscillation,

£ AWien bridge oscillator uses R =39k, C=0.01uF. What is the oscillating frequency?

o

Design an astable multivibrator circuit 1o blink an LED with a time period of one
second.
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INTRODUCTION

As vou know analog signals are also called
continuous signals or continuously varying signals,
These signals have infinite number of values.
Alternating current or voltage wave forms which
are of sinusoidal shape are examples of analog

signals.

A
v

L
Fig 101 Analog Signal

But digital signals have only two states-the "ON'
state and the 'OFF' state. Each of the two states
are designated as logic| and logie 0 states. These
can also be characterized as true or false. The signal
can be represented as a square wave form as
follows.

v
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In digital signals. a logic 1 can be represented by a +5v and logic (" can be represented by
a "0v’. In analog circuits or devices, the electrical variable such as current or voltage is
continuous. That means an analog circuit processes continuously varving signals or analog
signals. Butin a digital circuit only discrete values of variables are recognized. A digital circuit
ordevice processes digital signal,

1.1 NUMBER SYSTEM

Do vou know the name of the number system which you use in your daily life? This number
system which uses digits from 0 to 912 0.1.2.3.4.5.6.7.8 and 9 is called decimal number
system. “Deci” means 107, This number system is termed as decimal system because the base
of this system is “ 10°. Similarly we have a wide variety of number systems. Each of these is
based on a specitic base or radix. The binary number system is based on the base *2", octal
number system is based on the base “8” and hexadecimal number system has the base *16°,

g 'E-'. '.'I': ;';i:_
Let us examine the formation of the mumber (429),, where 10
represents its base.

(429),,= 4x10° + 2x10" + 9 x 10/

Le 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. Similarly we can represent
mambers in any other number system using its base.,

10.2  BINARY NUMBER 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 from the least significant bit (" towards left in the above binary
number 1011070 is in the unit’s (2°Y" position, *171s in the 2™ (2' ) position, the next * 1" is in
the 4" (27) position, next (1" is in th 8" (27) position and the next 1 is in the 16" (2') position.
Digital signals are represented by binary number system.

In the system *07 is equivalent to *0" in the decimal system and 1is equivalentto *1" 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 * 11" which is equivalent to *3" in
the decimal system.

Conversion of a Binary number to a Decimal number

Try to analyse the following table.

(55,



Binary Equivalent
decimal
0 0
l I
10 2
11 3
100 4

Tahie 1001

The representation of 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
tollows.

(10110), = 1244024+ 1#224+1%2140%2°
= 1*16+0%8+1%4+1%2+0%1
= (22),,
So  (10110), = (22),,

Where 22 is the decimal equivalent value of binary number 101 10.

Convert the following numbers into decimal number system.
a) (111 1]?
b (10107),

Conversion from Decimal to Binary

To convert a number in the decimal system into binary _firstwe have to divide the number by
“2'. Ifitis exactly divisible write 0" against the number on its right hand side. Ifnot exactly
divisible put * 1" against the number. Again divide the result obtained by *2° and proceed until
the resultis *17. Then read up the number starting from the last resultant digit through all digits
on the right hand side. As an example. let us convert (61), , into binary.

=,

T
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The arrow shown represents how to read up the binary number. 2 | 61 1 A

i, i11101 2 | 30 0

B0, = 1D, 2 | 15 1
Check your progress: 2 g 2
Convert the following numbers into
binary number system. 2 IL 1
@) (131),, e | [ .
b) (346),, 0

Decimal and Binary Fractions

To understand the meaning of representation of decimal fractions let us consider such a number
say (36.2012)

The Expansion for this number is

(36) = 3 x10'+ 6x10", and

10

(0.2012) , - 2210+ O 1074 1= 10342 =107

So the Positional values of the above number can be shown as below
3 ) s 0 1 2
oo+ 4 b b
10 10 10t 10 10t 107

Similarly the positional values of a binary fractionsay 1 01,1101 can be shown as
| ] 1 ] I 0 |
A P T T
21 zl 2“ 2.1 2-} 2-.1 2-1

Conversion of Binary Fraction to Decimal

Let us Consider the binary fraction (1 0 1.1 10 1),. This may be written as follows
(1234 0 %2 1x2%) +( 1x274 1227+ (x2%+ 1x27)

Sothe decimal equivalent of this binary becomes

S+(12+1/4+1/16) = (5.08123),,
Conversion from Decimal Fraction to Binary

We have studied in the earlier sections that to convert decimal whole number to binary whole
number.a division by “2" has to be performed. To convert decimal fractions to binary fractions

(8,



we have to multiply by *2°. Ifthe product of each number is greater than *1” puta " 1" below
that number otherwise put a’0." To understand this, let us consider the following.

Conversion of decimal fraction (0.8125), into binary:

MNumber 0.8125 0.625 0.25 0.5
Base 2 2 2 2

1.6250 1.250 {1.50 1.0
Remainder | | 0 |

Therefore  (0.8125),, =(0.1101),.
10,3 OCTALNUMBERSYSTEM

The octal number system uses digits 0.1.2.3.4,5.,6 &7 e, eight digits. So the base of this
number systemis "8,

(127) which is in octal number system can be represented as
(127, =1 x P+ 2x 8 +Tx §°

1 2 7
I T
g 8 &

Conversion from Octal to Decimal

Keeping the above representation in mind. let us find the decimal equivalent of the octal
number(127),-

(127),

1#82+ 2%8' + 7*8"
4+ 16+7
{BT}I“

So the decimal equivalent of (127), is (87)
Conversion from Decimal to Octal

W

We have already studied how to convert decimal number into binary. Similarly we can convert
a decimal 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), g 10 2
1



'Check your progress:
Convert the following decimal numbers
into octal numbers

a) 256
by 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),. Letus try to convert this number into a binary number.

For this. first, we have to convert (127), to decimal
ie.  (127), = 1x8+2x8'+ 7x8"
1264 + 2x8 + Tx1
= (87)

Now (87), may be converted to binary. - Ii 1
(87),, =(1010111), 2 [ 1
2 |2t 1
2 10 o
2 s 1
2| 2 o

1

Therefore (127), = (1010111),
So the binary equivalent to the octal number 127 is 1010111
10.4 HEXADECIMAL NUMBER SYSTEM

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,
Eand F

The following table illustrates the above fact

-
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Hexa

Decimal dbietimal
0 0
1 I
. 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 A
11 B
12 C
13 D
14 E
15 F

Tahle W2

According to this system the next hexadecimal number is 10 which is equivalent to 16 inthe
decimal system.

ic, (10),, = (16),
Similarty  (11),, = (17),,
(12),, = (18) ,and soon.

Similar to the methods adopted in the earlier sessions we can convert a decimal number to
hexa decimal number and vice versa. Let us convert the decimal number (269), | 1o a hexa
decimal number.

16269 13
16 | 16 0
1

13 isequivalentto D in hexadecimal
Therefore (269), = (10D),,

Let us now convert the hexadecimal number F9 into decimal. We know that F is equivalent o
15 inthe decimal system, so

)



(F9),, = 15x16'+9x 16
= 240+9
= (249

{4
Therefore the decimal equivalent of the hexadecimal F9 is 249
(Checkyourprogress: | _
a) Convert the following decimal numbers to hexadecimal
numbers
i)148 ii) 84
b) Conwvert the following hexa decimal numbers to decimal
numbers
)(19),, i) (20),,

1.5 BINARYADDITION

Binary addition follows the same basic rules of addition. In binary system there are only two
digits and the largest digit is 17, so any “SUM" greater than 1 will resultina “CARRY™. This
carry 1" is passed over to the next column for addition and so on. Consider the single bit
addition below.

0 0 1 1
4= 1) + 1 +1 + ]
0 1 ] 10

The single bits are added togetherand 0+ 07,0 + 1", or =1 + 0" results in a sum of 0" or
“1".When youdo ™1 + 1", the sum is equal to “2" in decimal system. In binary itis*1 (", Here
the bit *0” is the sum bit and bit *17 is the carry bit. The addition of two bit numbers is given
below.

00 00 01 01
+00 +01I +00 +01
00 01 01 10

Let us now practice addition of binary numbers.
a) 100+101 b) 1001 +0111 ¢) 110141010

a) 100 + by 1001 + c) 1101 +
101 0111 1010
1001 10000 10111

(n,



Add the given binary mumbers
a) 1001 +1010 b)) 10010+ 01110 ¢) 110101 +101011

10,6 LOGIC GATES

A logic gate is the primary building block of adigital circuit. It is a circuit with one or more
inputs and one output. At any given moment. logic gate takes one of the two binary conditions
O (low)or 1 (high) depending upon its function and input values, Low and High states are
represented by different voltage levels. For example +5V may represent a logic | 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 of these NAND and NOR gates are called
the universal gates, because either of these gates alone could be used to realize the primary
logic gates. The circuit symbol and the truth table of these logic gates are explained below.

AND GATE

The AND gate is so named because the gate acts in the same way as the logical "AND”
operator. The output will be 1 if both inputs are 1: otherwise the output is 0. In other words,
il 0 iscalled "LOW" and 1 is called "HIGH’, the output is *HIGH™ only when both inputs are
"HIGH". otherwise. the output is "LOW",

In the circuit shown in figure 10.3 can be used fo explain the
function of an AND gate. Here a bulb is conmected to supply through
two switches connected in series. Let us try to explain the
operation.

A Lamp - ON ==1"
T- Lamp —OFF = “0"

Switch A — Open = 0" |, Closed = 1"
Switch B — Open = *0" |, Closed = “17

Fig 0.3 Switch represemarion of ANE gare




Here the two switches, Aand B are connected together to form a series circuit. These switches
are considered as the inputs to the AND gate and bulb as output. Therefore, in the circuit
above, both the switches A and switch B must be closed (Logic 1) in order to put the lamp
ON (Logic *17). [fany or both of the switches are open (Logic *07). the bulb will be OFF
(Logic *0"). Thus the working of this circuit clearly reveals the function of an AND gate.

Here A and B are used to represent the two input. 5
boolean variables and the output is represented Y=AB
by the variable Y. In boolean algebra, a variable
can take any of the values *0" or *1°. The logical
symbol of the AND gate is shownin fig. 10.4. Fig 10.4 Symbol of AND goie

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 the AND gate is also represented as
Y=A.B
Orsimplvas 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 0 & 1. then the output will be

Y=A.B
Y =401
Y=0

The input and the output information of any logic gate or circuit can be plotted into a table to
give a visual representation of the switching function of the circuit and this is commonly called
a Truth Table. The truth table of a logic gate shows each possible input combination to the
gate with the resultant output depending upon the combination of these inputs.

The truth table for AND gate is shown below

Input Output
A B Y
0 0 ]
0 1 {
1 0 {}
] ] 1

Tabfe 1.3 Trevih table for AND gare

(o



Figure 10.5 shows the circuit implementation of AND gate using diodes and resistor. Can you
explain, how this circuit acts as an AND gate?

+Vco

Y=
Dl |
A

B ——
D2

Fig fi0 3 AND gare wsing dindes and resisio

The working of the above circuit can be explained as follows. Here logic () is represented by
a voltage near to 0V and logic 1 is represented by the voltage near to +Vee.

Case 1:

Case 2:

Case 3;

Case 4:

OR GATE

A=(0, B=0: In this case both the diodes D1 and D2 are forward hiased by the
supply Vee. 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 OV, the output
is treated as logic (0,

A=0, B=1: Here the diode D1 is forward biased and D2 is reverse biased. As
one of the diodes is forward biased, the voltage at Y 1s 0.7V, Again the output is
treated as logic 0.

A=1. B=0: Here the diode D1 is reverse biased and D2 is forward biased. As
one of the diodes is forward biased. the voltage at Y is 0.7V, Again the output is
treated as logic 0.

A=1, B=1: Here both the diodes )1 and D2 are 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 .

The OR gate is so named because the gate acts in the same way as the logical “OR™ operator.
The output is 1 i’ one or both of the inputs are 1; otherwise the output is ().

As in the case of AND gate, the function of an OR gate can be explained by using the circuit
shown in fig. 10.6 . Here a bulb is connected to supply through two switches connected in
parallel. Let us try to explain the operation.



Lamp - ON = 1"
Lamo - OFF =“(”

Switch A — Opea = *07, Closed =~1"
Switch B — Open = 07, Closed = “17
Fig HLE Switch represemiation of OR gale

Here the two switches A and B are connected

in parallel. Either switch A, switch Bor both 4
can be closed (logic 1) in order to put the lamp Y=A+B
ON. The lamp will be OFF only if 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 Symbol of OR gaile

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 operationis *+". Therefore
Y=A+B

For example if the 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
] I ]
1 0 I
1 | I

Table 1.4 Tearl table for OR gate

(2%



Similar to AND gate. the function of an OR gate canalso be implemented by using the following
circuit. It consists of two diodes and one resistor. Let us try to explain its working.

D1
A —Dr—  Y=A+4B
B —pP—

D2
gn

Fig [N CHE gate wsime dfodes ond rexixioe

The working of the circuit shown in fig. 10.8 can be briefly explained as follows

Case 1:  A=0. B=0: Now both diodes are unbiased and hence no current flows through
the resistor R. So the output voltage is zero and Y is at logice ().

Case2: A=0, B=1: Here the diode D1 is unbiased and D2 is forward biased. Now
current {lows through R, since D2 is conducting and a high voltage appears at
the output. So the output is at logic 1.

Case3: A=, 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 appears at output. So
the output is at logic 1.

Cased:  A=1.B=I1: 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
output isat logic 1.
E—
A 2-input logic OR gate can be constructed using resistor- sty
transistor switches connected together as shown in figure
10.9 below. with the inputs connected directly to the
transistor bases. Either transistor must be saturated or “ON™
for a high output at Y. Can you explain the working of this
circuit?

Transision
Swilches

T=A+B
[fany of'the inputs (A or B) get a high (logic 1) voltage. the
transistor becomes ON and current flows from supply
voltage (V_ ) to ground through the resistor R2. This will
produce a voltage drop across R2 and is available at the
output Y. If both the inputs are low (logie 0), both the
transistors will be in OFF state and no current flows through
R2. Therefore no voliage will be available at the output Y.
- ]

T
S
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NOT GATE

The NOT gate is also called as logical inverter. It has only one input. It reverses the logical
state. In other words the output Y is always the complement of the input. ie. If the input is 0,
output will be 1 and ifthe input is 1. the output will be 0. The logical symbol of the NOT gate

is shown in fig. 10,10,
A 4|>07 Y=A

Fig L L0 Symbol af NOT gte
The NOT operation is expressed as
Y=NOTA
In boolean algebra the NOT operation is represented by an over bar. Therefore
Y=A
[fA=0,. Y= p=1
Y

IFA=1, 1 =0
It can also be represented as Y=A".

The truth table for NOT gate is given below.

i Input Output
A Y
0 1
! 0 +Vee

Tabfe FO.5 Trath table for NOT gate

Transistor

Inverter

A very simple NOT gate can be made using just a single transistor A
switching circuit as shown in fig.10.11. Can you explain how this ouT
circuit acts as an inverter (NOT gate)?

When the transistor s base input *A™ is HIGH, the transistor goes
to saturation and the collector voltage is nearly zero. Therefore
the output ~Y™" is LOW.

Fig I}, 1 NC Eole using
fFarsisior

Similarly, when the transistor’s base input “A™ is LOW (0V), the transistor goes to cut off and

-
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no collector current flows through the resistor. This results in an output voltage at Y™ ata
value near to +Vee (HIGH).

Thus, withan mput voltage " A™ HIGH, the output Y™ will be LOW and an input voltage “A™
LOW the resulting output voltage =Y will be HIGH producing the complement or inversion
of the input signal.

NOR GATE

The NOR gate circuit is an OR gate followed by an inverter as shown in fig. 10.12 lts output
is *HIGH™ only if both of the inputs are *LOW", otherwise the outputis ‘"LOW",

A -
A+B Y:.ﬂi‘ﬂ

Fier F P NOR gave wsine OR and NOT

The logic symbol for the NOR gateis givenin 10,13,

A ———
Y= (A+B)
B
Fig 013 Symbaf of NOR gaie

Mote: From the above figure, it is clear 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)

Forexample, if both of the inputs are | the output will be

A=l )=l =10
The truth table for the NOR gate is given below.
r Input Output
A B A+B [Y=(A+B)
0 0 0 I
0 ! 1 0
! 0 1 0
- I 1 0

Tiehde 106 Trath tabie fir NOR gole



NAND GATE

The NAND gate circuit is formed by an AND gate followed by a NOTgate as shown in
Tig.10.14. It 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 0 ifand only if both of the inputs are 1, otherwise

the output is 1.
A

(A.B) Y=(A.B)
B

Fig 10 I4NAND gate using AND gnd NOT

The logic symbaol for NAND gate is shown in fig.10.15.

Y= (AB)

A

Fig 10,13 Svimbol of NAND gote
The output for the NAND gate is expressed as
Y=AB
For example, il'both of the inputs are *0°, the output will be 1.
Y=(0g)=0 =1

The truth table for the NAND gate is given in table 10.6.

[ Input Output |
A B A.B Y=AR
0 0 ] |
0 | | |
| 0 1 1
] ] 1 0

Tarble 10T Trath table tor NAND pare



EXCLUSIVE OR (XOR) GATE

The XOR(EX-OR) gate will give a logic |

at the oumput if both of the inputs are different
and a logic 0 if the inputs are same. The
output is ‘HIGH if either, but not both, of
the inputs are "HIGH'. The outputis *LOW”
if both of the inputs are "LOW” or if both
of the inputs are ‘HIGH". The logic symbol
for XOR gate is shownin fig. 10.17,

ABbB

Fig M7 Symbal af XOR gate

The output of the XOR gate is
Y=AB+AB

In boolean algebra the XOR operation is
represented by @

Y=A®B

The truth table of the XOR gate is shown
below:

Input Output 1
A B Y
0 0 0
0 l I
I 0 1
I 1 0

Tabfe L8 Tewth table for XOR gote

XNOR GATE

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.

+\fee

F fg JOIG NAND Crarg wsing eansistors aid

FESINIEry

If any or both of the input is low (logic 0),
the corresponding transistor(s) will be OFF
and the supply voltage will reach at the
output Y (logic 1). If both the inputs are
high (logicl), transistors will be in ON
state and the current flows to ground
through the resistor and transistors.
Therefore the voltage at output Y will be
low (logic 0).

The XNOR (exclusive-NOR) gate is formed by placing a NOT gate at the output of XOR
gate as shown in fig. 10,18, lts output is “"HIGH" if the inputs are the same and *LOW" if the

T

0




inputs are different. [n simple words, the output is 1 if the input are the same. otherwise the

output is (.

ADB V=A@ B

Fig 10,18 XNOR gate wsong XOR and NG

The logic symbol of XNOR gate is given below,

A
¥=A0OE

B

Fig 1019 Svahol of XNOR gute

The output of the XNOR gate is

The XNOR operation is represented by

Y=AOB
The truth table of the XNOR gate is shown below
' Input Output
A B Y
0 0 1
0 1 0
| 0 0
1 1 1

Table 1009 Trath rafife for XNOS pafe

10,7 UNIVERSAL GATES = NAND AND NOR

We have already seen that all the boolean functions can be expressed i terms of the fundamental
gates namely AND. OR and NOT. In fact. these fundamental gates can be expressed in terms

&



of either NAND gates or NOR gates only. That is only NAND or NOR gates can be used to
perform all the Boolean 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 fig. 10.20.
{a) NOT usmg NOR
A
Y=A+B
B
(b} QR using NOR
A-_D
Y=AB
B '—D
(c)IAND wsing NOR
A
B

(d) EXNOR using NOR

Fig 10020 Fundomeniol gates wsing NCHE anly

Like the NOR gate seen now. the NAND gate is 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

29



the gate functions implemented using only NAND gates are shown in figure 10.21.

A— Y=A

(a) NOT usimg NAND

A—

(b) AND pging MAND

Y=A+B

() OR using NAND

-
B -

() EXOR using NAND

Fig T 21 Findamemol gates tisimg NAND cindy

Y=ADB



Now you try to design a logic circuit to implement the function of
EXOR gate using NOR only and that of EXNOR using NAND
only.

1.8 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 algebrais a set of rules and theorems
by which logical operations can be expressed symbolically in equation form which can be
manipulated mathematically.

The theorems of boolean algebra are known as the Laws of Beolean, We can use these
“Laws of Boolean™ to reduce the number of logic gates and analvze digital circuits. As with the
ordinary algebras, the alphabet (e.g. A.B.C ete) can be used to represent the variables. Boolean
algebra differs from the ordinary algebra in that boolean constant and variables can have only
twovalues: 0 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 THEOREMS

1) Laws of Complementation

The term complement simply means to change lstoOsand 0sto 1s,
Theorem | : IfA=0,then A =1

Theorem 2 : IfA=1.then A =0
Theorem 3 © The complement to complement of Ais A itself.
A=A
2)  Basic properties of AND operator
Theorem4: A.1=A
If A equals 0 and the other input is 1. the output is ().
[fAequals | and the other input is 1. the outputis 1.

Thus the output is always equal 1o the input A.



Theorem 3 : A.0=10
Asone input is always 0, irrespective of A, the output is always ().
Theorem 6 1 ALA=A

The output is always equal to the input A.

Theorem 7: A.A=0
Regardless of the value of A. the output is 0.
3)  Basic properties of OR operator
Theorem 8 : A+ 1 =1
If A equals 0 and the other input is 1. the outputis 1.
[fAequals 1 and the other inputis 1, the outputis 1.
Thus the output is always equal to 1 regardless of what value A takes on.
Theorem 9 : A+0=A
The output assumes the value of A.
Theorem 11 :A+ A=A

The output is always equal to the input A.

Theorem 11 : A+ A =1
Regardless of the value of A, the outputis 1.
4) Commutative Law

Theorem 1 2:

A mathematical operation is 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 nol commuative:
A-B= B-A

There is no subtraction operation in boolean algebra.



5)  Associative Law
Thearem 13:

A mathematical operation is associative ifits operands can be grouped inany order without
affecting the result. In other words, the order in which one does the OR operation does not
affect the result.

(A+B)+C=A+(B+C)=(A+(C)+B
Similarly. the order in which one does the AND 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 AND 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
in ordinary algebra,
A+{B.O)=(A+B).(A+C)
10,10 DE-MORGAN'S THEOREM

A mathematician named De Morgan developed a pair of important rules regarding group
complementation in boolean algebra.

Theorem-1

The theorem states that the complement of a product is equal to the sum of the complements.
That is. if the variables are A and B. then

AB=A+B
Proot:
A B A B AB | A+B
0 0 | l 1 |
0 I I 0 I 1
1 0 0 1 1 I
! 1 0 0 Q {0

Table 1010



A study of the above table makes clear that the last two columns are equal .Therefore De-
Morgans 1¥ theorem is proved.

Thearem -2

The theorem states that. the complement of a sum is equal to the product of complements. It
can be written as

— A+B= A.B
Complete the columns as per De-Morgan’s theorem

A B A B A.B | A+B
0 0 | !
0 I () 0
] 0 0 0

! ! 1 O 0 )

Tuble 10.11
These theorems are illustrated uﬁing logic gates in fig 10.22.
A+B

g_: |
B —
A NAND gale Is equivalenl Lo an inversion followed by an OR

A+ B AB
) b= TR -

A NOR gate is eguivelenl to an inversion followed by an AND

Fie [0.22 (lave chrrjltr. engy of De-Mor ] thearem

DeMorgan’s Theorems
Break! break!

ilﬁ A { B
N\ \ /

Fige 10123 Mlestraticn of De-Morgan's freargnss




TABLES FOR THE LAWS OF BOOLEAN

Boolean ¥ ivalent
I = Equivalen
Expression | I Switching Circuit
eT=i A in parallel with clased _Ef:ﬂ_
) = "CLOSED" A
A+Q=A | Ain paralle] with open = "A" 1 A }
|
| A in series with closed A
ALl=A —_— T
AT
|
| A in series with open A
A.0=0
| « *OPEN" =, A
| - i
A+A=A | Ainpamllel with A = "A" _Ij'::}__
|
M ' IS T A_ A
A=A Amserics with A ="A —
|
‘ NOT NOT A
A=A
idouble negative) = "A"
At T Alin paraflel with not A
‘ = "CLOSED"
= A in series with not A A A
AA=O
» 'ﬂH_EN" ‘—""'—i"l—l-ll—'—
A | with B =
AVE S HA in parallel with B
B in paratlel with A ]“‘
A in series with BB =
At in with I3 _."'?“-"._Er.__
B in scries with A
A+B =A.B | invertand replace OR with AND | De-Morgan's theorem
AW =4+ 8 | invertand replace AND with OR | De-Margan's theorem

Falde 1012




Solved problem 10.1
Obtain the logic equation and truth table for the circuit in figure 10.24

—D—

Fig L34 fap Logic Cireni

A

A

Y=(A+B).A

X=A+B

Fig 10.24¢h) Logie Clrcwit With Outpinl Expression Marked

The circuit consists of only 2 inputs. So there can only be four | Inputs Output ]
possible combinations of the input. The truth table of the logic
circuitis given below: Al B X
It is seen that the columns "Y' and 'A' are same or (A + B). A=A, 0 0 0
So the above logic eircuit can be simplified as a circuit without | | |
any gate,
5 1 0 |
Solved problem 10.2 1l 1

Table T013

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.
«  How many logic gates are required to implement the circuit for
the given equation?
« How many logic gates are required to implement the circuit for
the simplified equation?

(2,



The logic gate circuit for the above equation is shown in fig. 10.25(a)

.ﬁ‘_'

-
aﬁ--'__,/
[
4

B o—nu
C o—

; &
Y- AB<BC-B'C
—

Fig [0, 251a) Logic Circni
Using boolean law we can simplify it.

AB+BC+B'C

AB+C(B+B")
AB+C.1
AB+C

Il

We can implement the simplified equation

P

Ceo

Y=AB-+C

Fige NL23(m Stnplified  Circiit
From 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 gate.
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+()



Y=(A+BXA+L()

AA+AC + AB + BC - Distributive law

A+ AC+AB + BC - ldentity AND law (A.A= A)
Al +Cy+ AB + BC - Distributive law

A.l +AB + BC - Identity OR law (1 + C=1)

Al +B)+BC - Distributive law

Al +BC - Identity OR law (1 + B=1)

¥Y=A+BC - Identity AND law (ALl = A)

Then the expression: (A+B)(A+C)can be simplified to A+ BC
Solved problem 10.4
Simplify the following Boolean Expression ABC+ A BC
Letx=ABandy=C"
The above Boolean expression becomes xy-+xy’
= X(y+y')
= x=A'B
Solved problem 10.5
Prove that A+A'B=A+B
According to Distributive Law
A+AB=(A+A)(A+B)=1-(A+B)=A+B
Solved problem 10.6
Simplify the given expression : A+AB +A'B
A+ABR +AB A(l+B)+A'B
A l+A'B
A+A'B
A+B

It

Solved problem 10.7

Simplify the following boolean expression :A'B'C'+A'BC'+A'BC+AB'

= ANC((B+B)+ABC+ABRC
=AC+ABC+AB'C

(22,



Il

A(C+BO+AB'C’
ANC+BC+C)+ABR C
A(C+B)+AB
AC+AB +ABC

1}

Solved problem 10.8

Simplify the givenexpression : ABC + ABC + ABC”
AC(B+B")+ABC
AC.1+ABC’
AC+ABC
A(C+BC)

A(C+B)

]

Solved problem 10.9

Construct a Truth Table for the logical functions at points C, D and Y inthe circuit shown in
figure 10.26 (a) and identify a single logic gate that can be used to replace the whole circuit,
NAND

A C

B

B)— e
»— B

Ex-OR

Fig 10260 Logic Cireuil

A
B

Y=A+B

Fig 10,2600 Simplified Logie Cirenit

First observations tell us that the circuit consists of a 2-input NAND gate, a 2-input EX-0R
gate and finally a 2-input EX-NOR gate at the output. As there are only 2 inputs to the circuit
labelled A and B, there can only be 4 possible combinations of the inputs ( 27 ) and these are:
(0.0, (0.1). (1.0yand finally (1.1). Plotting the logical functions from each gate in a tabular
form will give us the following truth table for the whole of the logie circuit.

2)



Inputs Output at
Al B | C D
01 0 1 010
0 1 I I 1
| 0 1 I 1

l ] 0 01 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 function from the Ex-OR gate. Both of these two
output expressions then become the input condition for the Ex-NOR gate at the output.

It 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 satisfies this condition is that of' an OR Gate. Therefore,
the whole of the above circuit can be replaced by one 2-input OR Gate.

Solved problem 10.10

Find the Boolean algebra expression for the circuit in figure 10.27 (a).
A '
v

Fig HW.27a) Logic Cirenit

The system consists of an AND Gate, a NOR Gate and finally an OR Gate. The expression
for the AND gate is A.B, and the expression for the NOR gate is A+B. Both these expressions
are the inputs to the OR. gate. Thus the final output expression is given as:

5
:’— Y= (AB) + (A+B)
L I

Fig [ 2760 Redrawre IRy Chsiput .f'_'tpn;'_'.'.w'f.lu

(24,



Inputs Intermediates | Quiput |

B A AB A+B | Y
0 0 0 1 ]
{0 | 0 0 0
1 0 0 0 0
LA 1 1 0 I | Table 1015

This expression y =(A.B)+(A + B) can be simplified as follows.
According to De Morgan A +B=A B.

Therefore the above expression becomes Y=A.B+A.B.
This expression is the output of XNOR gate. Therefore the above circuit can be replaced by
asingle ExXNOR gate.

A

Y=AOB
B

Fig 2T () Simpfified Circit

cor

Fig 10.280a) Logie Cireuit

This circuit seems to be more complicated than the earlier one to 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 tum to give us a final expression
for the output Y.

2



[gpleh

¥ (ABC)+A(ET)

Fig 10.28(b) Logic Clronit with autpit expression

i Inputs Intermediates Output i
C B B.C B C | B+C | A(B+C Y
0 0 0 I 1 | 0 0
0 0 I 1 i i 1
1 0 0 1 l 0 0
0 | 0 0 1 i I |
I 0 0 I 0 1 0 0
| 0 0 I 0 | 1 I
1 1 0 0 0 0
| I 1 () 0 1

Tafxfe 10,76

If'we analyse this circuit the following facts can be noted.

1. Onlyifall of the inputs A. B. and C are fiigh the product A.B.C will be high. At the
same time 4, ( B+ () is zero and the output will be high.

2. If A is high and either B or C is low then A.B.C will become low but
A.{_§+ (') becomes high and so the output becomes high.

3. IWAisfow and both of the inputs B and C are high A.B.C will be low. At the same
time 4.( B+ () isalso low and so the output will be fow.

4. IF A is fow and either of the inputs B or C is low A.B.C will become low and
A( B +{_'} will also be low. Theretfore the output will be fow.

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 output and the entire circuit can be replaced by only one input

labelled "A'. So the boolean expressionis Y = A.

&



10.11 DIGITALSYSTEMS

The digital systems consist of two types-
Combinational logic circuits and Sequential
logic circuits

1.  Combinational logic circuits

The outputs of Combinational Logic
Circuits are determined only by the logical
function and their current input state, logic
“(orlogic ™1™, atany given instant of time
as they have no feedback. and any
changes applied to their input signals will
immediately have an effect on the output.
In other words, in a Combinational Logic
Circuit. the output is dependant at all times
only on the combination of its inputs .II'
the state of input is changed. the output

Augustus De-Morgan was an English
scientist born in 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
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.

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 classified as shown in figure 10,29,

Fig 10,29 Classificavion Of Combinational Logic Clrerit

1. Sequential logic circuits

Sequential Logic Circuits depend on their present inputs as well as their previous output

states giving them some form of Memory.

)



10.12 HALF ADDER

The circuits that perform addition within the Arithmetic and Logic Umt{ALL) of the Central
Processing Unit (CPU) of a computer and calculators are called adders. A unit that adds two
binary digits is called a halfadder and the one that adds together three binary digits is called a
full adder. A half adder 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 are designated as A
and B and the two outputs are designated as sum (5 ) and carry (C). The half~adder performs
binary addition operation for the two binary inputs as shown in the table 10,17,

A — - SUM(S)
HALF-ADDER

B —— ———— CARRY(C)

Figl .30 Lagic Svmbead of Half Adder

The boolean realization of binary addition is shown in the truth table. Here A and B are the
inputs to give a sum S and a carry C.

INPUT OUTPUT
A B SUM CARRY
0 0 0 0
0 l l 0
i 0 ! 0
! i 0 1

Fable 10,17 Truth Table
The boolean functions corresponding to the sum and carry are

S=A+B
C=A.B

This can be realized using the logic circuit as shown in fig. 10.31.

peum [ o
)=

C

Fig 10,31 Logie Cirewit of Half -Adder

(8,



In a halfadder. an AND gate is added in parallel to the XOR gate to generate the carry and
sum respectively. 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 FULLADDER

A halfadder 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 for binary number greater than 1. A full adder sums three input bits. It 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 significant position. The Logic Symbol
of Full Adder is shown in figure 10.32.

A Sum (S)

B— FULL
ADDER

Carryin Cy, Carryout (C ;)

fig 1032 Logie Svmbol of Foll-Adder

Here Aand B are referred to as the inputs, C_is the carry from the previous stage, C__ is the
carry output and S is the sum. The truth table of Full Adder is shown in table 10,11,

INPUT OQUTPUT
A B c. S A
0 (0 0 ( 0
\ 0 I I 0
0 1 0 1 0
0 1 I () 1
1 0 0 I 0
1 0 I 0 1
1 1 0 0 1
| | 1 | I

Tabde 1008 Trath Table of a Fuft-Adder

The carry bit C__ is 1 ifboth 4 and Bare 1. orifone of 4 and Bis | and the input carry, C_
is 1. The sum bit S'is | if there exist odd number of *1's in the three inputs. S is the XOR of
the three inputs. Hence. Logic equations for the output of the full adder are:

S ABB®C,
(AB)+(C (A®B)

il

.,

)



Logic circuit of the full adder is shown in fig. 10,33,

carﬁﬁ— i

C out

Fig 1033 Logic cironit of Full -Adder
Parallel Binary Adder (Ripple-carry adder)

In most of the digital systems, addition of binary numbers with more than 1-bit is required.
For example. computers and calculators use numbers with § to 64 bits. The addition of multi
bit numbers can be accomplished using several full-adders. The 4-bit adder using full-adder
circuits is capable of adding two 4-bit numbers. An example of a 4-bit adder is given below.

Ag-Az= 15t 4-bil numbet

MSEB By- B = 2nd 4-bit number LSB
c [ Fﬁ,—; L A Fl_i A B o

s Fu el o U ol o Pl gl i
suM sm | [ s sum_
53 s2 s1 S0

Fig M.34  Fowr Biv Full Adder
Consider the addition of the following two 4-bit binary numbers:
0111 + where A3=0.A2=1,Al=1land A0=1

001 1 where B3=0.B2=0.Bl=1and BO=1
1010 here S3=1.82=0.581= 1.80=1 and Cout= 10

@



The operation of the adder may be checked as follows. Since A and B, are the least significant
BITS, they cannot receive a carry from a previous stage. So C_of the LSB adder is usually
grounded.

Step-1 In the problem above both A, and B, are 1. Their sum is therefore 0 and a
carry is generated which is given to the C, ofthe next full-adder forbits A,
and B .

Step-2 Bits A, and B, are both | and the carry input is also 1. Therefore the sum
output line S, gets a 1 and the carry line to the next stage isalso 1.

Step-3 Since A, isa |, B, is a 0 and the carry input is 1, the sum output line S,
hccomcﬂ 0. 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 equal m 1A Ihercfmt the sum output line S, will represent a | and the
carry output line will have a 0 output. The sum %iwulid therefore be S.=1,
S,=0, 5 =1 and S =0.

Other than the commonly used decimal number system, there are other number systems
such as binary with base 2.octal with base 8, hexadecimal system with base 16 etc.
Any number in one number system can be converted into the corresponding number in
any other number system. Hexadecimal number system consists of 16 characters including
numbers from 0 to 9 and alphabets from A to F. A logic 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 gates are called universal gates. If A and B are 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 boolean 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 of two variables is egual to 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 are 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 several full
adders. Combination of such several full adders is referred to as the parallel binary
adder or ripple carry adder.



Leaming outcomes

€3

The leamner is able to:

Explain the details of different types of numbering systems.
Convert anumber from one number system to another.
Perform binary addition.

Drraw the symbols and truth tables of logic gates.

Identify the logic equations of various gates.

Point out the universal property of NAND and NOR gate.
Explain the 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
Sequential logic circuits.

Draw and explain the working of half adder, full adder and parallel binary
adder circuits,

€valuation items

choice questions

In boolean algebra .the plus sign (+) indicates ..........
a) AND operation b) OR operation ¢) NOT operation d) None of these

a) A+B b)A+B c)AB d) AB

alB b)A c¢)A+B d)noneofthese
(1101102 = ( )10
a)24 b)38 ¢)54 d) 108
The base of'a hexadecimal number is..........
a) 2 by eylsd) 16
The decimal equalent for 1111 in binary is..........
a) 15 b)7 ¢)8d)i6
In Boolean algebra .the plus sign (+) indicates ..........
b} AND operation b) OR operation ¢) NOT operation d) None of the above
Output is low when both of the inputs are high for..........
a) OR gate b) AND gate ¢) Ex OR gate d) None of these



Select the odd man from the following.

a) AND  b)NAND ¢)NOT d) OR

When both of the inputs are low output will be high for..........
a) OR b) NAND¢) Ex OR d) AND

(A+B) = o,

a) A+B b)) A+B ¢)4AB d)A B

alB blA oA+B d) noneof these
Sum and Carry for a half adder circuit are obtained respectively using the gates..........

a) Ex OR and OR b) Ex OR and NOT ¢) OR and AND d) Ex OR and AND

a) NAND gate b) Half adder ¢) Full adder d) Ex NOR

Answer Key

I.b 2.d 3.¢ 4.¢c 5.d 6.a 7.b 8.c 9b 10b 11.d 12.c 13.d l4c

Descriptive type questions

BBt e

10.
1.

A unit that adds two binary digits is called a

A full adder can be constructed from two and a gate.
Simplify Y=AB +H{A+B)C.

Simplify Y=(A"+ B J(A+B).

Simplify the expression AB+AB+A'B'.

Drraw the logic circuit for the equations.

i ) = AB+AB i.: Y = AB+C
il. Q = AB+AC+BC iv. Z = (A+B).C
v X =(A+C).(A+B) vii Z = (A+B).(B+CO)L(A+C)

State De Morgan’s Theorem.

Determine the truth table for the following boolean functions E=A"+(B.C )+ D",
Draw the logic symbol and logic circuit of half adder.

What is the basic difference between halfand full adder circuits?

Convert the logic circuit shown in fig. 10.35 into a boolean equation.
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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 ; . : i
Electrical and electronic measuring instruments are

1.3 AMMETER used to measure these electrical parameters. There
are instruments which can be used to visualize and
11.4 CATHODE RAY OSCILLOSCOPE analyse signal waveforms to determine the

properties of signals such as amplitude. frequency.
phase etc. In this chapter let us discuss some of the
important measuring instruments,

A Cathode Ray Oscilloscope (CRO) 1s used to see
the waveforms at different points in a circuit. For
example. now you are familiar with RC phase shift
Oscillator. Using CRO, vou can see the wavelorms
at different points of the phase shifting network. A
CRO can also be used for other purposes like
measuring voltage, time period. frequency and
phase.

11.1 GALVANOMETER

11.5 SEVEN SEGMENT DISPLAY

11.6 DOTMATRIX DISPLAY

Are you familiar with a galvanometer? [t contains a
pointer which moves over a particular scale.
Have vou ever wondered how the movement is
caused?

The galvanometer consists of 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.



How does the pointer move? A current flowing

through the coil creates a magnetic field. This

magnetic field interacts with the magnetic field of
the permanent magnet. This produces a force

(called deflecting force) which moves the pointer.

A galvanometer is specified in terms of its full

scale deflection current and internal resistance. A

galvanometer can be converted into an ammeter
ora voltmeter.

11.2 VOLTMETER

Consider a galvanometer with internal resistance

of 50002 and a full scale deflection current of & M-I Galvanometer - Internal diagram
0.1mA. So the maximum voltage that can be applied to the terminals is 0. 1mA x 500€2 =50
mV. S0 0-50mV can be directly measured by this meter by placing a voltage scale below the
pointer. The maximum reading on the scale is S0mV.

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 meter as shown in the fig. 11.2 whereby the excess
voltage can be dropped across it.

V=10V (maximum)

@+ -©
Fig, 1.2 Galvanometer as o volmreter
Let us see how we can convert this meter to measure (1 10V,
From the figure,
(0.1 % 107 x R)) + 500 x 0.1 x 107
(R +500) 0.1 = 107

10V
10V



R, + 500 10/ (0.1x10°%)

10762
99.5 kQ2

Or R,

So when 99.5k0Q is connected in series with the meter and 10V is applied. 0.1mA flows
through the meter and it shows full deflection. If we place a voltage scale 0-10V in this meter,
it will show 10V as reading. If the applied voltage is 5V. then the current in the circuit will be
0.05mA and it is halfof the full deflection current. Hence the deflection in the meter will be half
and it will read 5V, In this way the meter reads any voltage between O and [0V, Similarly, the
galvanometer can be converted to a voltmeter of any range by connecting a suitable series
resistor R,

Gienerally to extend the range of the voltmeter to avoltage V.

V = voltage to be measured
Iu -5 full scale deflection current

R,, —  melerresistance
R, is called the multiplier as it multiplies the voltage range. In a voltmeter, different voltage

ranges are selected using a switch. The switch conneets to different multipliers.

The above voltmeter can read DC voltages only. To read an AC voltage. a full wave rectifier
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 deflection.
We read 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.

ikt k"

You are given a galvanometer with full scale deflection current of
100 pA. Its resistance is 100 £2. Determine the series resistance
needed to convert it into a voltmeter with a range of 100V.

Vv

K = o8y

¥

100

- =100
10010°° Rl

999.9 kQ



i1.3 AMMETER

Consider the same meter mentioned above having a full scale deflection current of 0.1mA
and internal resistance of 500 €2. This meter can measure a maximum current of 0.1 mA. For
increasing the range of measurement, aresistor 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 you know how to caleulate the value of this parallel (shunt) resistor? When maximum
current to be measured which is 0.5 mA is given to 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. ImA x R, = 0.1mAx 500=50mV
The current to be bypassed through the shunt resistor R .
I, =0.4mA

Since the meter and R | are connected in - parallel. their voltage drops will be the same.(see
fig.11.3)

I,xR, = S0mV
R, =50mV/0.4mA 1250

Similarly, if 0.2mA is the maximum current to be measured., a 500 £2 resistor is connected in
parallel with the meter and it bypasses (.. ImA.

Ig=0.1mA Rn=500AN l
a 7 : ;_'}b i
I
I

I

I

|

I —

: Im=0.1mA. : :

' ' : Ammeter
| Rs te—somy—— e
I -

I I

I |

I I

] I

[ ~ [ ] ~ :

| = hed

+ C Rsh=125 N\ d |

L I

Filg 1.3 Galvariomaeter as Ammerer

If larger current is to be measured, the resistor in parallel with the meter should be smaller so
that this ia.rgerc:y‘rcnt passes tl‘trf.}u?h th parallel resistor. IF 1 1s the current to be measured.,
the current flowing through the resistor is



[LITRY B
Ic, Iwh = lum. - Ig
Since the meter and R | are connected in - parallel, their voltage drops will be the same.
Or 1|.{ ST Ig'} = [E X RH
Ry L
| Rrh - l‘llln\ — Ig

So the galvanometer can be converted into an ammeter to read any range of values if 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.

A galvanometer with a full scale deflection current of 100uA and
internal resistance of 10042 is required to measure a maximum

current of 10 mA. Determine the shunt resistance needed.
From the fig. 11.3.
Ry x 1,

sh im - i*

100x100%10°
(10x10° =100x10°

1.01 €2

Now the meter is able to measure a maximum current of 10mA allowing 100uA to flow
through the galvanometer and the rest through the shunt resistance. If we give 5mA to the
ammeter, only S0pA flows through the galvanometer and it shows half of the maximum deflection
and we read this current as SmA.

A multimeter is an instrument that integrates the functions of voltmeter, ammeter and ochmmeter
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 of a signal wavefonm. It is 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’,

ACRO is basically a very fast X-Y plotter. It plots the given signal waveform on a fluorescent
screen,

&



Block diagram of a CRO

TIME BASE HoRZoNTALl
GENERA] AMPLIFIER |

TIWED

Fig 1.4 Block diggram of CRO)

The important sub-systems of a general purpose CRO are shown in Fig 11.4. This figure does
not show all the sub-systems but these are the minimum stages required.

(i) Cathode ray tube

The heart of the oscilloscope is 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 necessary to operate the CRT.
Electron gun  Deflection system

*ﬁ

[F-inpuit
L A A v
.
= — LAy,
H -Heatar Az.pccelerating anodo
ggfﬁ“ el Viwz-Vertical defloction plates
8 HiHe-Horizontal deflection plates

M -Focusing anode

Fig 1.5 Inmternal 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 of a
cathode ray tube along with its control circuits, There is a cathode which 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 screen which is coated with some luorescent material. A spot of bright light is
obtained on the screen where the electron beam strikes. The electron beam from the cathode
is deflected by a suitable circuitry on its journey towards the screen. As a result a visual wave
form is obtained on the screen.

The main parts of 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 zine
oxide. phosphor etc. This material emits light when high velocity electrons strike it. converting
the energy of the electrons into visible light. Hence the name fluorescent sereen. Depending
upon the phosphor material used in the fluorescent screen it is possible to have green, orange
or white light. This spot of bright light can be moved on the screen in horizontal and vertical
directions with the help of controls.

b)  The electron gun

The electron gun gets its name because it fires electrons at a very high speed. It consists of’
cathode (a metallic cylinder with one end closed and a heating filament inside). control grid (a
metallic wire mesh) and focusing and accelerating anodes (metallic cylinders). Cathode isan
electrode which is kept at a negative potential. When it is heated indirectly, it emits a large
number of electrons. The control gnid controls the beam current and consequently controls
the intensity (or brightness) of the phosphorescent spot. Therefore. the knob controlling the
garid voltage is labelled as intensity control. The electron beam is locused to a very small dot
on the sereen by the focusing anode. The accelerating anode gives the required acceleration
to the electron beam.

o) Deflection plates

The electron beam passes through two pairs of parallel plates — Y-deflection plate and X-
deflection plate.

The Y-deflection plates (also called vertical deflection 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 set of plates moves the spot on the screen to the left or to the right (along the X-axis).

If no voltage is applied externally to either set of plates, the spot should be located at the
centre of the screen.

(i) Vertical deflection system

This section is mainly used to supply the input signal to the vertical deflection plates with
sufficient voltage to deflect the electron beam. The gain of the vertical deflection section can
be controlled by adjusting the Volt/ Div control on the front panel of the CRO.

o



(iii)  Horizontal deflection system

It consists of a number of amplifier stages and a time base generator or saw tooth oscillator.
The time base generator provides the voltage for moving the electron beam horizontally. The
horizontal amplifier increases the amplitude of this voltage, While we are adjusting the Time/
Div control on the front panel of the CRO, we are changing the frequency of this time base
generator,

Displaying waveform

As you know, CRO has horizontal and vertical deflection plates. [f we apply a DC voltage to
the X- plate. the spot at the centre of the screen shifts horizontally. Instead, if we apply a
voltage waveform which has the shape of sawtooth to the X- plate, what will happen?

A sawtooth waveform has a linearly increasing voltage part and a suddenly decreasing votage
part. Itis shown in fig. 11.6.

Voltage

M

e

Fig 11.6 Sawiooth waveform time

MNow the electron beam will move fast horizontally forward and backward continuously so
that we will see a horizontal line instead ofa spot.

Meanwhile, if 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 modified in the shape
of the signal applied to the vertical plate.

Usually ina CRO, the horizontal deflection plate is supplied with an internally generated
sawtooth waveform and the signal to be displayed is given to the vertical plate. As an example
ifa sine wave is given to the Y plate . we see asine 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 of the CRO is a graph: the variable along the Y -
axis is 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



can input two different signals simultaneously to CRO through these input channels and can
observe 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 of one main division along Y-axis. Similarly
the time pointed by the mark on the time/div knob indicates the time of one main division along
X-axis.

a)  Voltage measurement

At first the ground level is adjusted 1o lie on the X-axis by varying the Y-level adjusting the
knob. Now the signal whose voltage is to be measured is input to the CR(O and the signal is
seen on the screen. 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

In a CRO, we cannot measure current directly since this is basically a voltage measuring
mstrument. 5o to measure the current. we take a standard value resistance and allow this
current 1o flow through this resistance. The voltage developed across this resistor can be
measured using a CRO. Now the current is calculated by using the equation, I= 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 one cycle is to be measured to get the
time period. The number of divisions along X-axis within one cycle 1s 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 frequency of the signal is obtained by taking the reciprocal of the time period.

ILSSEVEN SEGMENT DISPLAY

The Light Emitting Diode (LED) finds its place in many
applications in the modem electronic fields. One of them is the
Seven Segment Display, Seven segment display isa form of
electronic display device for displaying decimal numerals.

The name seven segment comes because it contams 7 segments,

The segments are arranged as shown in the fig. 11.7. Seven

segment displavs may use a liquid ervstal display or LED for Fig 11.7 A single digit 7
each segment. Seven segment displays are widely used in digital sepntent display
clock. electronic meters and other electronic devices for

displaying numerical information. Here in this figure the segments are named from Ato (i The
purpose of arranging it in this style is that. all the digits can be displayed using this by selectively
making the LEDs ON and OFT ( see the last column of table 11.1).

-
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¢ 4 cd o dp

Fig T8 Arrangentent of segiments 0 seven segnrent disploy

Binary Coded Decimal (BCD) to Seven Segment conversion

The fig 11.9 shows atypical interface to aseven segment display. First we have to convert the
decimal into BCD. Then the binary numbers for each decimal is given to the converter. The
converter gives the output word (a.b.c.d.e.f.g). Ifa bit in that word is 1, it will turn on the
corresponding light and if the output bit is 0, it will turmn off.

a a
DECIMAL b : :
Decimal C

TO BCD 7447 o d
| Ee—E— B e o
input CONVERTER 1A f f
. CLOCK g g

BCD to 7 Segment 7-Segment

Decoder LED Display

Fiee 119 BOD ta 7 segment camverter

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 is displayed when the selected LEDs glow.

BCD ymeans birary coded decimal, The somber systens is decimal, bt each digil is coided as binary. For
example (24} BCD 1 00100100,



[ BCDinput Segment outputs Display
BICIBIAIsIBlclalel Tl s
0lOo|j0|0(1]1|1]|]Y]1 1 0 D
gjojoj1|oj1(1)j0|0|0 1] I
gjoj1|o0(1l|{2(O0|X|1]O 1 E
ojoj1|1|L|{1(1|i1|0]0O 1 3
g|1jo0|0f(0) 1 |1]O|0]|1 1 |_I
o(1|o|1|L|jo|L|X|D]|1 1 5
01|10 j1|0|1|[L|1]1 1 E
0|11 |LI|1|j1|L|Oo|0]|1L 0 I'I
TLiojojojr|j1]Y|[1]1 1 E
(0| ||| |1l|X|@®]l 1 9

Tabfe [1 1 BCD 10 7 segmeny cormversion table

Activity 1

List out the devices in which the seven segment display is used.

1.6 DOTMATRIX DISPLAY

You might have noticed the display boards in
railway stations and airports. It uses a dot matnx
displayv. A dot matrix display is used 1o display
information in machines, clocks. railway departure
indicators and many other devices requiring a
simple display device of limited resolution. The
display consists of a matrix type arrangement of
lights or mechanical indicators arranged in a
rectangular configuration (other shapes are also
possible, although not common) such that by
switching ON or OFF selected lights, text or
graphics can be displayved. Each dot in a matrix
can also be a LED. The dot LED can be separately
turned on or off to obtain the required display.
The fig. 11.10 shows a LED dot matrix display in
a bus indicating the route of journey.

G

Fig I Dt mrairix ;f'.l*.l.l-f';.lll. 1l

KERTC bus



A dot matrix display system consists of a dot matrix converter which
converts instructions from a processor into signal which tums onoroft”
the light in the matrix so that the required display is produced.

5

. Fig 11D Sinel
Usually 3=7 dot matrix display 1s digit dot matrix
used to display alphanumeric display
characters in the display system. Fig.
11.11 shows the arrangement of lights ina 5<7 matrix.
The 57 dot matrix display format contains 5 horizontal
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.

e | s | s |k | b | o |
-
i
p—

- e | o | ek | ok o | e

Fig H 12 Lier A displaved on

:|'I| i omretrix

Activity 2
By drawing a 5%7 dof matrix indicate the first letter of your name.

Now a days dot matrix bicolor LED display information
board features high resolution and gentle color and offers
tour different selections, These are used for advertisement
boards in cities, display scores in stadium ete.

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.

! g ;'.lI ;r_'l‘- .': Al Fefrly S n"ll..'."..lI

The dynamic dot matrix display displays running displays or movies. This is obtained by
turning the dots in the display ON and OFF very fast. A better dynamic display can be
constructed using LED matrix since the switching time of’ LED 15 very small.



Let us sum up

A galvanometer is used to detect small electric current flowing through a circuit. It
consists of an iron coil mounted within the field of a permanent magnet, it deflects. A
galvanometer can be converted to a voltmeter to measure 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= Vﬂ!- R, . Toconvert a galvanometer to an ammeter.
a low resistance should be connected in parallel. The required shunt resistance can be
calculated using the formula R =R, xI ."{ 1.4 } Wherel  isthe maximum current to
be measured and I is the full scale deﬂecuon -:urrml of lhe galvanometer, Cathode ray
oscilloscope (CRD} gives a visual indication of'a signal wave form. [tis used for trouble
shooting in radio and TV receivers and for laboratory measurements. [t can measure
voltage amplitude. frequency and phase. Cathode ray tube is the heart of'a CRO. The
electron beam from the cathode is deflected by a suitable circuitry onits journey towards
the screen. Seven segment display 1s used for displaying decimal numerals. It uses LCD
or LED for cach segment and it is used in digital clock. electronic meters etc. ABCD to
seven segment converter converts binary to corresponding output word. Dot matrix
display is asimple display device of limited resolution used in machines. clocks. railway
departure indicators ete. It 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 learer is able to

e  Explain the significance of measuring instruments like voltmeter. ammeter,
multimeter ete.

Explain how to convert a galvanometer into 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 uses of the Seven segment display.

Point out the principle of operation and the uses of Dot matrix display.

&
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Multiple choice guestions

1. Whichof'the following instrument is used to measure the phase ol a signal?
a)  Volmeter b) Ammeter ¢) Multimeter d)y CRO

2. Whichofthe following quantity can be measured directly by a CRO?
a) Voltage b} Current ¢) Frequency d) Resistance

3. Agalvanometer 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 galvanometer can be converted into an ammeter by connecting............

a)  a large value resistance in parallel
by a large value resistance in series
¢) a small value resistance in parallel
d)  a small value resistance in series

5. IfaDC voltage is applied to both X and Y deflection plates of a CRO, you will
SEC. . rireareaes on the screen

a)  a horizonal line

b)  a vertical line

¢) a spot at the centre of the screen
d} a spotshified away from the centre

6.  The measurement using a CRO is very accurate because............
a)  the quantity is displaved
by the CRO draws no current
¢) the voltage and time range can be changed.
d) none ofthese

7. Asevensegmentdisplay contains............

a) sevendifferent LEDs

b) onesingle LED having seven segments
¢} anynumberof LEDs

d)  LEDs arranged as the number seven

-

8.  Asevensegmentdisplayisof..........
a) LEDs b)LCDs c¢)lamps d)bothaandb



9.

10.

The resolution of a dot matrix display can be increased by............
a) inereasing the number of LEDs
b) closely arranging the LEDs
¢) bothaandb
d)  noneofthese
A dynamic dot matrix display is possible because............
a) LEDscan produce different intensity light.
b)  LEDscanbe switched ON and OFF very fast

¢) LEDscan be produced in different colors
d) LEDscan be made very small in size

Answers key

Id 2a 3b 4c¢ 5d 6b T7a 8d 9c¢c 10b

Descriptive type questions

7.

How voltmeters of different ranges are produced?
What are the quantities measured by a voltmeter?

Write the need of'a sawtooth waveform applied to the horizontal deflection plate of'a
CRO,

Explain the measurement of voltage. current and frequency using a CRO.

List the devices where vou see a dot matrix display and a seven segment display.
You are given a galvanometer with internal resistance of 500€2 and a full scale deflection
current of 100pA. How will you convert this meter into a voltmeter of a range of (-
10v?

How will you convert the above galvanometer into an ammeter of 0-1 OmA?
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