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BASIC ELECTRONICS
[As per Choice Based Credit System (CBCS) scheme]
SEMESTER - I/11

Course Code 18ELN14 /24 CIE Marks 40
Number of 03 (02+ 01 Tutorial) SEE Marks 60
Lecture

Hours/Week

Total Number of 40 (08Hours per Module) Exam Hours 03
Lecture Hours

Credits - 03

Course objectives: This course will enable students to:

1. Understand characteristics, operation and applications of the diodes,
bipolar junction transistors, field effect transistors, SCRs and operational
amplifiers in electronic circuits.

2. Understanddifferent number systems and working of fundamental
building blocks of digital circuits.

3. Understand the principle of basic communicat@ystem and mobile

phones.
Modules @ ¢ RBT

) Q, Levels

Module- 1&\

Semiconductor Diodes and Apphcatl
p-n junction diode, Equivalent cu@ of diode, Zener Diode,
Zener diode as a voltage regul ectification-Half wave

rectifier, Full wave rectifier e rectifier, Capacitor filter circuit L1, L2,
(2.2, 2.3, 2.4 of Text 1). O L3
Photo diode, LED, Pho pler. (2.7.4, 2.7.5, 2.7.6 of Text 1).

78XX series and 7805 Fixed IC voltage regulator (8.4.4 and 8.4.5

of Text 1).

Module-2

FET and SCR:
Introduction, JFET: Construction and operation, JFET Drain L1, L2,
Characteristics and Parameters, JFET Transfer Characteristic, L3

Square law expression for Ip, Input resistance, MOSFET: Depletion
and Enhancement type MOSFET- Construction, Operation,
Characteristics and Symbols,(refer 7.1, 7.2, 7.4, 7.5 of Text 2),

CMOS (4.5 of Text 1).

Silicon Controlled Rectifier (SCR) — Two-transistor model,

Switching action, Characteristics, Phase control application (refer
3.4 upto 3.4.5 of Text 1).




Module-3

Operational Amplifiers and Applications:

Introduction to Op-Amp, Op-Amp Input Modes, Op-Amp
Parameters-CMRR, Input Offset Voltage and Current, Input Bias
Current, Input and Output Impedance, Slew Rate (12.1, 12.2 of
Text 2).

Applications of Op-Amp -Inverting amplifier,Non-Inverting
amplifier, Summer, Voltage follower, Integrator, Differentiator,
Comparator (6.2 of Text 1).

L1, L2,
L3

Module-4

BJT Applications, Feedback Amplifiers and Oscillators:

BJT as an amplifier, BJT as a switch, Transistor switch circuit to
switch ON/OFF an LED and a lamp in a power circuit using a
relay (refer 4.4 and4.5 of Text 2).

Feedback Amplifiers — Principle, Properties and a@ges of
Negative Feedback, Types of feedback, Voltage seriés feedback,
Gain stability with feedback (7.1-7.3 of Text 1@ ¢

Oscillators — Barkhaunsen's criteria for o ion, RC Phase Shift

oscillator, Wien Bridge oscillator (7.7572 Text 1).
IC 555 Timer and Astable Oscillator mg IC 555 (17.2 and 17.3 of

L1, L2,
L3

Text 1).
2
%16—5
A

Digital Electronics Fun tals:
Difference between analeg and digital signals, Number System-
Binary, Hexadecimal, Conversion- Decimal to binary, Hexadecimal

to decimal and vice-versa, Boolean algebra, Basic and Universal
Gates, Half and Full adder, Multiplexer, Decoder, SR and JK flip-
flops, Shift register, 3 bit Ripple Counter (refer 10.1-10.7 of Text

1).
Basic Communication system, Principle of operations of Mobile
phone (refer 18.2 and 18.18 of Text 1).

L1, L2

Course Outcomes: After studying this course, students will be able to:

1. Describe the operation of diodes, BJT, FET and Operational Amplifiers.
2. Designand explainthe construction of rectifiers, regulators, amplifiers
and oscillators.

3. Describe general operating principles of SCRs and its application.

4. Explain the working and design of Fixed voltage IC regulator using 7805

and Astable oscillator using Timer IC 555.

5. Explain the different number system and their conversionsand construct

simple combinational and sequential logic circuits using Flip-Flops.

0. Describe the basic principie of operation of communication system and




Proposed Activities to be carried out for 10 marks of CIE:

Students should construct and make the demo of the following circuits in a
group of 3/4 students:

1. +5v power supply unit using Bridge rectifier, Capacitor filter and IC 7805.

2. To switch on/off an LED using a Diode in forward/reverse bias usinga
battery cell.

3. Transistor switch circuit to operate a relay which switches off/on an LED.

4. IC 741 Integrator circuit/ Comparator circuit.

5. To operate a small loud speaker by generating oscillations using IC 555.

Question paper pattern:

—

. D.P.Kothari, I.J.Nagarath, ¢

Examination will be conducted for 100 marks with question paper containing
10 full questions, each of 20 marks.

Each full question can have a maximum of 4 sub questions.

There will be 2 full questions from each module covering all the topics of the
module.

Students will have to answer S full questions, selegting one full question from
each module. .

The total marks will be proportionally reduc d§60 marks as SEE marks is
60. (2 ’

earson Education, 9th edition,

. D.P.Kothari, I.J.Nagarath, “Basic El 1%”, 2nd edn, McGraw Hill, 2018.
. Thomas L. Floyd, “Electronic Devic&

2012.

@c Electronics”, 1st edn, McGraw Hill, 2014.
Boylestad, Nashelskey, “Elé¢tronic Devices and Circuit Theory”, Pearson
Education, 9th Edition,@0p7/11th edition, 2013.

David A. Bell, “Electgfonic Devices and Circuits”, Oxford University Press,
S5th Edition, 2008.

Muhammad H. Rashid, “Electronics Devices and Circuits”, Cengage
Learning, 2014.




Module-1

Semiconductor Diodes and\pplications

The P-N junction diode is apgred in the ga 1950. It is the mostssential and the basi
building block of the edronic devce The PN junction diode is a two teinal devce which is
formed when one side of the PN junction dicglmade with p-type and doped with the N-type
material. Tle PN-junction $§ the root fa semiconductor diodes. The various electronic
componert like BJTs, JETs, MOSFETs (metaloxide-saniconductor ET), LEDs and_analog
or digital ICs all support siiconductor €chnology. The main function of the semiconductor

diode is, it facilitates the @itronsto flow totally in one diedion aaoss it.Finally, it acts asa
redifier. PN junction diode in forward kssand reverse bias and thd chamderistics of M
junction diode . Q
PN Junction Diode §

There are three gble biasing condition@%{) operating regions for the typical PN-
Junction Diode, they areero bias, forward b &d reverse bias.
When no voltagesiapdied acoss the PN%&tlon diode then thedaons wil diffuseto P-side
and holes wildiffuse to N-side thro nction and they combine witlaeh other. Therefore,
the acceptor aton closeto the P-& nd donor atonearto the N-side are left unutded. An
eledronic field is gener§ trescharge cariers. Ths opposs furthe diffusion of

Vv

chargecariers. Thus, no ement of the region is\noas depletion region or

spae charge.
s =8 P-type N-type - P-N junction representation
material material
(@)
—i_ Depletion region
Anode Cathode
Schematic symbol

(®) / Stripe marks cathode

Real component appearance

(e)

PN Junction Diode
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If we apply forward biago the PN-junction diode, that means negativenteal is coneded to
the P-type material and the positiveméral is conededto the N-type materisdaoss the diode
which has the féed of deaeasing the width of the PN junction diode we apply reverse bias to
the PN-junction diode, that means positiverténd is conreded to the P-type mateliand the
negative teminal is conrededto the N-type matericdaoss the diodewhich hathe dfed of
increasing the width of the PN junction diode and no chargd@maraaoss the junction

Forward
current {ma)

Reverse
bias {volt)
<

i} \‘K @wé‘id
\ as(volt)

Reve%( n

c pMA)

VI Chaade@(s of PN Junction Diode

Biasing: Conneding a p-n jun ’\6 an external d.c. voltage sowscallied biasing

1. Forward biasinQ
2. Reverse biasing

Forward Bias

When a_PN-junction diode conreded in a forward bias by giving a negative voltage to
the N-type and a positive voltage the P-type material. If the external voltaggodmes moe
than the value of the potential barrier ffsite 0.7 V for Si and 0.3V for Ge, the oppositidn o
the potential barriswill be overcome and the flow ofrcart will start. Because, the negatév

voltage repedeledrons rea to the junction by giving them the energy to combine andswoe
with the holes being pushed in the oppositediion to the junction by the positive voltage.


http://en.wikipedia.org/wiki/P%E2%80%93n_junction
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Forward bias
PN Juncton Diode in Forward Bias

The result of this in a chaderistic curve of zero aurent flowing up to built in ptential 5
cdled as‘knee curenf’ on the stati curves & then a high ctent flow through the diode wita
sight incease in the external voltags shovn below.

V| Characteristics of PN Junction Diode in Faward Bias
*

The VI chamderistics & PN junction diode i o%rd bias are nbnear, that is, noa
straightline. This nonliea chaaderistic lustrat during the operatiointibe N junction
the resistance is not constant. The slop QQD junction diode in forward bias st®the
resistage is very lav. When forward bia iedto the diode then itauses a lowmpedane
path and permstto conduct a layeamo f carentwhich is knavn as infinite curent. This
current startgo flow above the kg&@int with a siinamount of externalgiential.

Forward Curre O
i) “knee”
10 : . - T T

5 Silicon |
Diode
S S ‘
|
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2 ! ! ! Region

— | |
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Forward Voltage. { Ve volis)
PN Junction Diode VI Characteristics in Forward Bias

The potential differencacossthe PN junctions maintained constant by the depletion laye
adion. The max amunt of curentto be conducted is kept incomplete by the load resistor,
because when the PN junction diode conducts marerduhan the normal epfi caions of tre
diode, the extra current results in theghdissipation and alsaedds to serve dange to the
device



Reverse Bias

When a PN junction diods conreded in a Reverse Bsaondition, a positive (+ Vje
voltage s conrededto the N type material & a negative (-Ve) voltageonrededto the P-type
material. When the We voltage is aplped to the N-type material, then it attracts thedrbns
nea the positive eddrode and goes away from the junction, wéar the holes in the P-type end
are also dtacted away from the junctiorea the negative eldtrode.

Wide depletion region

Holes — > <@ - Free electrons

P-type A ~ N-type

-2 - PO BB D: > >
> ' . >

o - eooa| o P
DO  coa|wen: @ >

Negative ion Positive ion

—i QO

Battery

.
Reverse b@%
i

PN Junction Diod rse Bas

In this type of biasing, etent flo t& h the PN junction diods zero. Though, tb
current leakge due tominority chargec wrbelows in the diode thatan be measured in au
(micro amperes). As ¢hpotential revere bias to the PN junction diode uimately
increases ance&dsto PN junctioP&e'%se voltagedzkdown and the crrent of the PN junction
diode is contribed by an ex ircuit. Reversediidown depends on the doping leself the
P & N regions. Further, @he irease in reverse bias the diodellWwbecome short circuite
dueto overlea in the circuit and max circuit ctent flows in the PN junction diode.

V| Characteristics of PN Jinction Diode in Revase Bias

In thistype of biasing, the chageristic curve of diodesishovn in the fourth quadrantfo
the below figure. The etent in this biasing is lowltibregkdown is reached and hence the diode
looks like @& open circuit. When the input voltage of the reverse biasdaahed the leakdown

n voltage, reverse cent inceaes enormously.
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PN Junction Diode VI Characteristics in Reverse Bas

Diode Rdationship

*
The arrent n adiodeis given ly the diode current equation \Q
| = 10( eVmVT -1) @ o
Where,
| ------ diode curent
[0------ reverse saturation oent

V--ee-- diode voltage »é

n------ samiconductor constan r Ge, 2 for Si.

VT ------ Voltage equivalent erature= T/11,600 (TemperaturenTKglvin)
Bagc Definitions 0’\'

1.Knee voltageor Cut-in v%ge.
It isthe forward voltage awvhich the diode stastconducting.

2. Breakdown voltage
It isthe reverse voltage athich the diode (p-n junction) b&ks dovn with sudden rise in

reverse crrent.

3. Peak-inverse voltage (PY)
It is the max reverse voltage than be appedto a p-n junction withoutausing damage to
the junction. If the reverse voltageross the junction exceeds iteg-inverse voltage, then
the junction egeals its R&-inverse voltage, then the junction gets destroyechise @
excessive heat. Iredification, one thing to be kept in mind is thare should be taken tha
reverse voltagaaoss the diade during—ve half cycle of a.c. doesnot exceed thekpinverse
voltage of the diode.



4. Maximum Forward current
It isthe Max. Instantaneous forwardreent that a p-n junction can conduct without
damaging the junction. If the forwardreent is more than the specified rating then the
junction gets destroyed dteover feaing.

5.Maximum Power rating
It is the maximum power thaen be dsdpated at the junction without damaging it. The
power dissipatedaoss the junction is equal to the product of junctioment and tk
voltageaaoss the junction.

Diode equivalent Circuit:
Equivalent circuit is a combination of element properly enoto best

represent thadual teminal chaaderistics of a device or system in a particular opegat
point.

Diode Equivalent Circuits {Models)

Type Conditions Model ) . Characteristics

‘\\\ A
<
Piccewisce-lincar model s

/
. B e
’ ' el |
&& Gk
t sh
Simplificd model R ,,@ lon .W;'..'___ M . e -
& Ve M P b
A

N “

Idcal device Roctacek = 7

an
I-na-url - VK el

Zener Diode

It is mairly a special property of the diode rather than amgaptype of equipment. Teh
person named €&rance Zener invented this property of the diode’shaty it is named afte
him as a remembraa The special property of the diode is that theri @ a_bedkdown in the

circuit if the voltage apped acoss a revers$g biased circuit. This does not allow therreunt to

flow aaoss it. When the voltagerossthe diale is increased, temperature also ieeses and th
crystal ions vibrate with geter amplitude andliathese leads to thedadown of the depletion
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layer. The layer at the junction @ type andN’ type. When the apigd voltage exceeds an

specific anount Zener beakdown takes plee

I A&
Conventional Current Flow
> Forward Voitage
=& I
Anode Cathode Quadrant I
a K Forward Operating
+ - Region
Reverse Breakdown
a =3 K l Voltage ¥
— - — .
T Leakage l
Vs
Silicon Diode and its ot '0 BJ D
V-I Characteristics Quadrant TII 0.7V Silicon
Reverse Operating
Region

Zener Diode V-l Characteristics

*

Zener diode is othing but a single diode ooeded in a h&e bias me and Zener diodean
be coneded in reverse bias positive in a circu@p?&hc&s pictureve can canned it for
different appcations. The circuit symbol of Zeperdibde is aswshdn the figure. Foconvenien@
it is used normally. When discussing & thode circuitswe should look through the
graphical representatiorf the operatiog e Zener diode. It idled the Vi chaaderistics of

<
A

a general p- n junction diode.

Characteristics of a Zener Di@

The above diagram stws the V-1 chaaderistics of the Zener diode behavior. When the disde
conrected in forward bias diode a@s a normal diode. When the reverse bias voltages&egr

than a predetarined voltage then the Zenérekdown voltage @curs. To get lwakdown
voltage sharp and distinct doping is cotigd and the surfacamperfections are avoided. Ineth
V-I charaderistics abwe Vz isthe Zener voltage. And also the knee voltagealse at this poin
the curent sthe curent is very rapid
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Current
e Forward

Bias

ot Voltage

0.7V

Reverse
Bias

Zener Diode behavio&\Q
<’

t Wolje@ Regulaors to regulate voltageaoss
5‘Kere%kdmwn voltage and l@e&kdown voltage wil
sve will conred the zener diode pdtal to the load
such that the aflijgd voltage Wl v%e ias it. Thus if the reverse bias voliagess thezener
diode exealsthe knee voltag@&voltageross the load Wli be constant.

N\

Zener Diode as Voltage Regulator

Zener Diodes are widle used as
small loads. Zener Diodes have a shar
be constant for a werang of curents.

Circuit Diagram

{19 =
yiz i
Unregulated Vz ZS R: Regulated
Input Qutput
Vin Ve
-> & -

Zener Diode Voltage Regulator Circuit Diagram

In the above circuit diagram exsa®ltage (Vin— Vz) will dropacdoss Rs thus by limiting th
current through Zener. For the proper designing of the resgulze should know,



e Unregulated Input Voltage Range
e RequiredOutput Voltage
e Max Load Curent Required
The value of resistancesRhould satisfy the following conditions,

e The value of Rs must be sth@&nough to ke the Zener Diode in reverseedkdown
region. Theminimum curent required for a Zener Diode keep it in reverse l@e&kdown
region wll be given in its datage. For example, a 5.6 V, 0.5 Wner diode ha
a rroommended reverse aent of 5 mA. If the reverse oent is lesthan this value,
output voltagé/o will be unregulated.

e The value of Rs must be large enough that theentithrough theener diode sbuld
not destroy it. Thatsithe maximum power dépation Pmax sbuld be lesthan 1zVz.

Thus we shuld find Rsmin and Rmax. To find the value @1 we should consider tk
extreme condition that Vin iminimum and load auent is imum.

Is=I,min+1_max \@Z

|, min=PleaseRefeDatashed Vs=Vinmin- $\
Vz

Rsmin=Vs/Is

To find the value of Bnaxwe sh nS|der the extreme condition that Vin is maxiranoh
load curent isminimum (ie, n%&«:omﬂed)

Is=Imax+I_min Q

[ max=Pmax/Vz
Vs=Vinmax-Vz
Rsmax = Vs/Is



RECTIFIERS
An important appicaion of “regulai’ diodes is inedification circuits. These circigtare usedo

convert AC signakto DC in power sudpes.
“Redifier sare the circuit which converts ac to d&

A block diagram of this press in a DC powerupply is shavn below.

TPowa
transiormer - e
) o | b o {
"o line v p
< Dhode : Volage |
120 V (rms) ifier Filter : “h':“ Load
: - CEuLD
&0 Ha rectific , op i
\ - S— ! I
v :
v ~ y e e ———
—Q——-» q————b Q—Yl-b —_— —
\J \J 1 f t f

Redifiersare grouped o two caegories depending onrthe period of dactions.
1. Half-wave edifier
2. Full- wave edifier. @ .

Half-Wave Redif ier:

.

FIPeTL 7 O o
.=V, sin o

The above circuitsicdled as a Hal-wave edifier since it wil generate a waveforv, tha
will have an average ved of particular use in the ac-to-dc conversioncess

+9

' |
oy
Y h‘g — ¥ R / \
! e &
I



During (Positive Half Cycle) the diode is ON.s&uming an ideal diode with no voltage drop
agossit the output voltageowill be v=Vr=Vm

- +
o food ° o—o © o
—_ -— — .
Vi R P — V) R =0
t
+ - + -

During (Negative HH Cycle) the diode is OFB(pen Circuit). So the euent flowing through
the circuit wil be 0. The output voltage will be v=Vr=ixR =0

Figure shows the input and output waveform with output
V4c=0.318Vn.

Disadvantage:
1. The ac supply delivers power only half timeet

2. Pulsating auent frequency is equal to the suppigequency.



Derivations
1. RMS output cur ent

The value of the RM.S. current is given by

"-\'

[ 27
L =I5 ’d(()r)
rns 27.[ !

2z

- I[ sin® nld(m)+ ] 0.d(wr)

[ B &/
- ” ﬁl cos@t | d((){)
7T\

... ) |

'N

|

3
S

O
\
@0

§
&?
S o~
:.51. Q

] In (or) ] i Vm
s = 2 rrns — > Rf i RI_

=& -
= [4}5 (wit)— 5 sin (/_)t‘[ro

12—

2 - ]
=| L -{7[—0— 511122ﬂ‘ +sin0>}

Vout Calculation

L W fariiz
2
vig) = T
0 farg-::z-::’i"

2. Vdcor Vavg

We then comute the averageroltage @dc voltage) Vavg or Vdc for onecomplee
cycle



I
V. = —_I_c:.?v(t)dt

e 2.
——[V,, sin aud: + JOdt]
21T o .

i{j- cosaJt]o. = Vi’[- cos(Jr)- (- cos0)J
'11(1 1) = - "—0318v
= 0.38(,/2)V,.., = 045V,..,

3. Vrms at the Load Resstance

V. sin ajt fort~ 12_
v(t) =
o for-lz_ <t <T
L
<
Vi = |- Juat \Q

" T
I 1 &
=[—] jV sin2 mtd(mt)+ de(&‘
2JT T/2

_ [\/”2 T/2 _ @
Al 0

! sin mtd(mt)mz

sin2au.= .l @- cos 2mt), a@JT, €= alt
v 5

[V1( 1Sln 28 l 112

[YJ'TJT 1sin(231) - 0+.1sin 20))12

—[v (JT 0-o+0)de

=_Vm
2



4. Compute Ripple Factor

Ripple Facbr = RMS valeof the AC componetiDC value of thecomponat

5

Fr
Firnle = ™
rpie = 57

T

[

2_},}2
Vﬂ
2
| -1
2
!
-4
1

_ 2
- L i
A N
= 1.2114 <
5. Efficiency Q\\
n = (dcoutput powe/acinput po&@&)‘o%

5= Vdcz’fﬂz _(Vm’ffj'z | § @\4[3'5
mefﬂz I:E;rm"fzjg Q
ar

n = 40,6%

d
— | Vm
L Fﬂ‘c
— Vm
V!
2

5

6. Form Factor
FF=rms valie/ average vale= (Vm/2)/(Vm/n)==n/2 = 1.57
7. Peak Factor

Peak vale/ rms valie= Vm/(Vm/2) = 2



Full wave Redifier:

The ful wave edifier utilizes loth the positive ad negative portiogof the input waveform.

Types of full wave edifier are
@ Centre tapped comfiration

(b Bridge configuration

Centre tapped configuration:

.

e Curent flows through the load resistance in thé{%dim during the flh cycle d
the input signal. R
e Centre tap transformer is used with tem&/inding.

+ve Half Cycle: %
e Diode D is short circuited and ;_Ds%g circuited. Quent flows through the upper half
of the £ondary winding. 6

o
o [E;
N

-ve Half Cycle:
Diode Dyisshort circuited and Dis open circuited. Quent flows through the lower half o

the £mndary winding.




Complete input and output waveform can bevahas

e e

-

While this full-cycle edifier is a big improvement over the half-cycle, there amees
disadvantages.

Disadvantages:
It is difficult to locae thecentre tap on theesondary winging.
The diodes must have highV.

BridgeRedifier: *\Q
The bridge redifier uses four diodes coeded in brid@a&tern.

3\\“ ",
] T\ /T \@6 '
The operation of the bridgchtiﬁer can be summarzed as:

+ve Half Cycle:
Diode Drand Ry are short circuited and2and Dyare open circuited. Crent flows
through D and xto give the output voltagaaoss the resistor.

I ik

!l.". , tv/‘

-ve Half Cycle:
Diode Drand 3 are open circuited andz@nd Dy are short circuited. Grent flows
through D and D to give the output voltagaaoss the resistor.




Q
-

Complete input and output waveform can bevahas

[ '

et L™ ,"'.,‘N ™

| Sy SN W S,
J w

*
Advantages: @

e No centre tapped transformer is requir€d.

e PIVis less. b‘

Disadvantages:
It requires far diode@e power loss in trextifier element is more.

Derivation for FWR
The avergevoltage or the@oltage availalsleoss the load resistance

Ve = lfVM sin et diat )
s

¥ 44 af £
lp=te="2="2 gpd [, =2
o R, =R, = e 5

RMS value of the voltage at the load, resistance is
F. 1

A =l—‘£’ Vm‘sin‘wtd'wt] =_x
T

2




Ripple Factor
The ripple &dor for a Full Wave Rdifier is given by

Efficiency

*
Efficiency, n isthe ratio of dc output powéo ac input po\¢er
<

_ deoutputpower _ Fy @
acinpulpowsr F \

-1

" [Hﬂ s‘\
_ = 8 = 0.8 2%
Ve / v /
J_
The maximum efﬁmenc;@@wave Reaifier is 81.2%.

Transformer Utilization Factor

Transformer Utileation Fador, TUF can be used to detminethe rating of a transforme
seondary. It is detenined by considering

the pimary and theemndary winding separately and it gives a value of 0.693.



Form Factor

Form fador is defined athe ratio of the rmvalue of the output voltageo the averge value of
the ouput voltage.

rmsvalueof outputvoliage

Form facior=
averagevaiueaf the outpubvoliage

()
) 2

Peak Factor
Ped fador is defined athe ratio of the ga value of the output voltage the rms value of &

output voltage.

peakvalueof the outpyspligee V),

rmsvalueof the ou @K‘ﬁagﬂ [V%E] '£

Ped inverse voltage for Full Waveelam%sﬁxvm because the entire secondary voltage
appeasaaoss the non-conducting d|

Peak factor=

This conclude the explanation &amou&dors asciated with Full Wave Edifier

QO
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omparison Between HW, FW & FWB R edifiers

Rectifler type :  Halfewave

Full-wave Centre-tap

Heidge Rectifier

=L E A
Schame N ' | gli ot s
- | l-,i " B W7l
Typieal output ;
wavelorm: .A_A_Zl. /YWY\ /VVYV\
S. No. | Parameter HWR CTFWR BTFWR
1 No. of Diode 1 2 4
2 Output Frequency | & 2 ;i
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FIL TERS

Types of Filters
1. Capadior Filter (C-Filter)

2. Inductor Filter
3. Choke Input Filter (LC-filter)
4. Capadior Input Filter (I-filter)

Capacitor Filter( C-filter)

A capactor-input filter is a filter circuit in which the first ement is acgpactor conreded in
pardlel with the outpu of the edifier in a linea powe supply. Tl capadtor increase
the DC voltage and éaeases the ripple voltage components of the outputc&jeetor is often
followed byother alternating series and pléedfilter elementgo further reduce ripple voltage
or adjustDC output voltage. It may also be foIIowedQ voltage reégulevhich virtudly

eliminates any remaining ripple voltage, and adjustﬁ)th\Q ge output very preciseto match

\Q

Circuit Diagram ‘ s\

the DC voltage required by the circuit.

O with ot
CaNpasibar

A inpE @ : f W P e
£\ ;\' G o
: IHC asisldrad
D= [hodo

£ = CapaCibor
R = Lawd resashar
| = Correst

D el B

Half wawve rectifier with capacitor filter

When AC voltagesapgied, during the positive half cycle, the diode D is forward blizsel

allows eédric current through it.

As we already know tha, the capacitor provides high resistive path dc components (low-

frequency signal) and low resistive pavhac componest(high-frequency signal).

Eledric curent always preferso flow through a low resistance path. So when the @ectr
current reades the filter, the dc components experience a higbtaese fron the cgpactor and

ac componestexperience a low resistance from tiapactior.


https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Rectifier
https://en.wikipedia.org/wiki/Power_supply
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Ripple_(electrical)
https://en.wikipedia.org/wiki/Voltage_regulator
http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/electriccurrent-howelectriccurrentproduced.html

The dc components does ridke to flow through thecgpacitor (high resistance path). Soythe
find an alternative path (low resistance path) andidlto the load resistor (RL) through tha

path.

DS cormporriemt
(Loww Freguaemcy)

AT T e et I
{(Hicogh freguemnay) [ s R._

On the other hand, the ac components experience a lostaree fran the cgpactor. So the a

componentesasily passes through thegpactor. Only as@rt of the ac components g3es
0

through the load res® (RL) producing a smaripp ltage at the outpuThe pa@sage of &
components through thegpactor is mothing but g of thegpactor. In smple words, tk

ac componentssi nothing but an ebess c that flavs through thecapactor and charge
it. This prevents any sudden change in ;% voltage at thetoDuyming the conduction period,
the cgpactor chargedo the mame ue of the supply voltage. When the voltzieeen

the plats of thecgpactor is equa& supply voltage, tt@pactor is saidto be fully charged.

\fo!ﬁQ

A
AC input \//\\/f\\/ Time
Charging
5\"‘-\.
DC output / Time

/

Discharging

Half wave rectifier with filter o/p waveforms

When thecgpactor is fully charged, it holdthe charge until the input@suppgy to the rectifie

readesthe negative half cycle.


http://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/potential-difference.html

When the negative half cyclereached, the diode D gets reverse biased tombsllowing etdric
current through itDuring this non-conduction period, the input voltage is lesa tha of the
capadtor voltage. So theegpadtor discharges all the stored charges through the resistor
RL. This prevents the output load voltagenfréalling to zero. Thecagpactor discharge until the
input supply voltage is leghan thecgpactor voltage. When the input supply voltage isaer
than thecapacitor voltage, thegpacitor again starts charging. When the positive t¢ylle s
reached again, the diode 3 forward biased and allowsestric curent. Ths makes cgpactor to
charge again. Thegpactor filter with a large dischargéme constant Wi produceavery snooth

DC voltageThus, a smooth andestly DC voltage is obtained by using the filter.

PHOTODIODE

A photodiode is a semiconductor device that convdigét into an eddrical curent. The
curent 5 generated when ptons are absorbed \'&e photodiode otdeliodes ma
contain optd filters, built-in lenses, and may h gror smdl surface a¥as. Photodiode
usualy have a slower responseémé as t{v suafe area in@ses. The common,

traditional solar cé usedto generate eldri ower is a lge area photodiode.

Photodiodes ardrmilar to regular seni udor diodes egept that they may be either exposed
(to detect mauumUV or X-rays) r@aged with a window or optical fiber coemion to allow

light to reat the sensitive p %"the device. Many diodes designed fospesdically as a
photodiode use a PINifjc ather than a-m junction,to increase the gad of response. A

photodiode is designdd operate in reverse bias

Photodiode symboal

The symbol of photodiode is similar the normép-n junction diode ecept that it contaisarrows
striking the diode. Thereows striking the diode represelnght or photons. A photodiode $iavo
terminals: acathode and an anode.

<4

Anode I > I Cathode

FPhotodiode symbol


https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Optical_filter
https://en.wikipedia.org/wiki/Solar_cell
https://en.wikipedia.org/wiki/Solar_power
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Vacuum_UV
https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/Optical_fiber
https://en.wikipedia.org/wiki/PIN_diode
https://en.wikipedia.org/wiki/P%E2%80%93n_junction
https://en.wikipedia.org/wiki/Reverse_bias

How photodiode works

A normal p-n junction diode allesva smdl anount of electrc curert unde reverg bias
condition. To increase the electricrent under reverse @aondition,we need to generate mer
minority cariers. The external reverse voltage lagg to the p-n junction diode will sply energy

to the minority carriers but not increase the pdation of minority cariers. However,a smal
numbe of minority cariers are generated due to external reeelsas voltage. The minonit
cariers generated at n-side or p-side waltombine in the same material before they cross the
junction. As a result, no eldric curent flovs due to these chge cariers. Fo example,
the minoritycarriers generated in the p-type material experience asiepubrce fran the external
voltage and try to matowards n-side. However, before crossing the junctiomfrée eédrons

recombine with the holes within the same material. As@tra® eédric curert flows.

*
To overcome this problemye need to appl/ externad en@edly to the depletion regioto
L 2
generate more chargerriers. @

A special type of dide called photodiode ¢ %gs ned to generate more numintracjecariers
in depletion region. In photodiodesge ht or photons as the extelrenergy to generat

chargecariers in depletion region. @

Q Incident photons

1144

O e ol> g-.ﬂ' > @
9|0 < 4 5 e | o>

G @ a%E e . .
W i |
| © o 4% o0 ¥
P-type i Y . N-type
Depletion region @
1 -
\ 1l

PN Junction photodiode


http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor-diodes/depletion-region.html

Light Emi tting Diode

In the smplest terms, &ght-emtiting diode (LED) is a semiconduor device that emits light when
an eedric curent is passed through it. Light is pr@gd when the particles thatrry the current
(known as eledrons and holes) combine together within the semicotmumaterial.

Sincelight is generated within the ls semiconductor material, IS are described as Iso-
state devices. The tarsdid-state lighting,which also encompasses organicD$E(OLEDS),
distinguishes this lightingethnolbgy from other souwres that use éeted filaments (incandescen

and tungsten halogen lamps) or gas discharge (fluorescent lamps)

Working Princip le of LED

The inner working of an LED, showing circuit (top) and band diagram (bottom)

A P-N junction can convert absorbkght energy into p@ortionale&dric curent. The sam
process is reversed here (i.e. the P-N junction efig n eddrical energy is appliedo it).
This phenomenon is generatigled eIectrqumir@ which can be defined as thmisson
of light from a semiconduor under the ﬂ&ence of aneatric field. The chargecariers
remmbine ina forward-biased B junc & the eledrons cros from the N-region and
recombine with the holes existing 4 P-region. Freetens are in the conduction bandl o
energy levels, wike holes are ir&@alence energy band. Thus the erearglydf the holessi
less than the energy Iev% lectrons. Some portiori the energy must be dissipated t
e

recombine the electraand holes. Thienergy $ emtted in the form of &a andlight.

The electrons depate energy in tb form of hea for slicon am germanium diodes but

in galium arsenide phosphide (GaAsP) and gallium phosphide (GaRifonductors, té

eledrons dsgpate energy by emitting photons. If thevseondudor is translucent, the junctio
becomes the source of light as it is ¢®d, thus becoming alight-emitting diode. However
when the junctionsireverse biased, the LED prams nolight and—if the potential is ga

enough, the device is damaged.


https://en.wikipedia.org/wiki/Band_diagram
https://en.wikipedia.org/wiki/Electroluminescence
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Conduction_band
https://en.wikipedia.org/wiki/Energy_band
https://en.wikipedia.org/wiki/Gallium_arsenide_phosphide
https://en.wikipedia.org/wiki/Gallium_phosphide
https://en.wikipedia.org/wiki/Photon
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VOLT AGE REGULAT OR Q
A voltage regulator is one of the mosi_._., ___. ircuitry in any devte A regulated
voltage (without fluctuations & noise levels) i pontant for the smooth functioning o

many digital eddronic devices. A common¢case is with micro controllers, where a smooth
regulated input voltage must be slipgd fo ncro contrdler to function snoothly.

78xx (someimes L78xx,| LM78xx, .) is a family of self-contained fixelinea voltage
regulator integrated circsit The & amily is commonly used ineeronic circuits requiring a
regulated power supply d@ ease-of-use ad low cog.

VOLTAGE REGULATOR IC - BLOCK DIAGRAM
=N
O—l';-‘ Pass Transistor + +VouT
.
Thermal Shunt Down R1
and Current Limitin ]
+—0 = R2
VREF
QMM ON

www.CircuitsToday.com


http://www.circuitstoday.com/voltage-regulators
https://en.wikipedia.org/wiki/Linear_regulator
https://en.wikipedia.org/wiki/Linear_regulator
https://en.wikipedia.org/wiki/Linear_regulator
https://en.wikipedia.org/wiki/Linear_regulator
http://www.circuitstoday.com/

Fixed Voltage Requlators

These regulators prale a constant output voltage. A popular examptée 7805 C
which provides a constant 5 volts output. A fixed voltage regu@obe a positive voltage
regulator or a negative voltage redafa A positive voltage regular provides with constdn
positive output voltage. All those 1€in the 78XX sereare fixed positive voltage regulators. In
the IC nomenclature- 78XX ; the partXX derotes the regulated output voltage the KC i
designed for. Examples:- 7805, 7806, 7809 etc.

A negative fixed voltge reguldor is same as the positive fixed voltage retprlan design,
construction & operation. The onlyfterence is in the polarity of output voltages. Thess &&

designedo provide a negative output voltage. Example:- 7905, 7906 lriticse ICs in the

79XX series. o\Q
L 2

Requlated PowerSupply Circuit @

Thevoltage regulator 7805and the other c%n re aranged in the circuitssshown in
figure.

4 3
Vi ) 1C7805 Vi
- 2 REGULATED
G G C: A~ — C:  pOWER
SUPPLY
GND GND
C;=0.1pF
C,=1000pF
C;=1000pF
C4=0.1HF

The purposgof cougding the components to the IC7805 are explainedibela- It is the
bypasscgpactor, usedto bypass very snlaextent spikes to theath. G and G- They are th
filter cgpactors. G is usedto make the slow changes in the input voltage gieetine circuit to

the seady form. G is used to make the slow changes in the output voltagetfremegulatoin



the circuit to the seady form. When the vak of thesecgpactors inceases, stabiliaion is
enlarged. But thescapactors single-handelg are unableo filter the very minute changes ineth
input and output voltages.sClike G, it is also a bypass captmi used to bypass very small
extent spikes to the ground earth. This is done without influencing other components.

LM7805 PINOUT DIAGRAM

1 LM7805 —— 3
Input Output
2
Ground

1\ 3
ol
bs‘\&
ch
0\.
'\


https://www.electrical4u.com/what-is-capacitor-and-what-is-dielectric/
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Module-3
Operational Amplifier

The Operational Amplifier is a ded-coupled , high gain , negativediback amplifier. k
is nothing more than a differential amipér which amplifies the difference beteen two inputs.

Positive acting input

Negative acting Input\"1

Fig:1 General circuit dfagram of an op-amp

The teminal marked - is deed the inverting termiravhich means signal applied theréhappea
phase inverted at the outpuhbile the teminad marked + is called the non invertingrténal meas
that the signal applied here will g in phase and applied at the output . Please understaind t
the - and + do not denote any type of voltage it mea@tjt voltge is proportion&to the
difference of Nonrlverting and inverting voltageshieh is’Vo = V2 - V1 . When there is no
feadbadk , no voltage ocapadtor between output&put the op-amp is said to be in opem |

condition .

Characteristics of an ideal op-am b‘
An Ideal Op-Amp hathe following %ristics.

* An infinite voltage gain \

* An infinite bandwidth

* An infinite input resista@e resistance/ly V1 andV2 teminals is infinite .

* Zero output resistare Vo rémains constant no matter what resistance isexjgoross output .
* Perfect balane WhenV1 is equal tov2 theVo is O .

Single-Ended Input

Single-ended input operation reswithen the input signasconreadedto one inputwith
the other input aenectedto ground.

Fig:2 Single-H¥ded Input



Double-Ended Output

While the operation discussed so far had a single gutpel op-ampcan also be operated
with opposite outputs, as shin in Fig2 . An input aplped to either input Wi result in outpug
from both output teminals, these outputs always being opposite in polariguré 3 shavs a
single- ended input with a double-ended outpst.shown, the sigriaappliedto the plus input
results in wo amplified outputs of opposite polarity. Figure 4 \wkdhe saraoperation witha

single output reasured.

l» 4 - ~'
1
—— . Q T, ,
I \
\ + - f \

|
v - v
" " ~ @ ' \. ."
* - / \‘ g \& i L I \ /
FIG.3 Doauble-ended output 6 FIGouble-ended output with single-ended input

Common-Mode Operation
When the same input signals@ leggbto both inputs, common-nale operation results, the two

inputs are equbBl amplified$ since they result in opposite polarity aligat the outguthese

signak cancel, resulting in0-V outpulractically, a smé output signal will result

FIG.5 Common-mode ogeration

Common-Mode Regedion

A significant feaure of a diferential conadion is that the signals which are opposite at th
inputs are highly amplified, while thosehich are commoro the two inputs ae only slightly
amplified—the overall operation being to anfyl the differene signal whiké rejeding the
common signal at the two inputs.



DIFFERENTIAL AND COMM ON MODE OPERATION

One of the morémportant eaures of a dferentid circuit conredion, as provided in an op-
amp, is the circuis ability to greatly amjfly signals that are opposite at the two inputs, evhil
only slightly ampifying signals that are commda both inputs. An op-amp provides an outpu
component that is due the amplification of the ffierence of the signals applied to the plug an
minus inputs and a component due to the signals common to botk. iGjnute amplification fo
the opposite input signals is mucheger than that bthe common input signals, the circui
provides a common na@ reedion as described by a numetlic@lue called the common-mode
rejedion ratio (CMRR).

Differential Inputs
When separate inputs are apgto the op-amp, the res‘ultigiifference signal is th#atene

———— \
Vo=V, — plzgo
X

Common Inputs \1
When Ioth input signals are the same, Vx mon signal elemertbdbe two inputs can be
defined athe average of the sum of t@wo signals.

-
V. &Vil + V)
Q\

Sine any signa applied to an op-amp in gerlef@ave bbth in-phas and out-6 pha®
components, the resulting outmah be expressed as

between the two inputs.

Output Voltage

1 J'r’ - “Ilfjg'ﬂq u -41‘1‘;‘

Where Vd = difference voltage given by Eq.
\Vc = common voltage given by Eq.

Ad =differential gain of the amplifier

Ac = common-mde gain of the amyfier

Common-Mode Regdion Ratio
Having obtained Ad and Ac (as in the measurementedtoe discussed aboveye can now

calculae a value for the common-mode rejection ratio (CMRR)hich is defined by the
following equation:

A

CMRRE —
A




The value oCMRR can also be expressed in logarithmic teas

CUMRR (log) — 20 Jog,s i ’ ()
A

We can expresthe output voltage in temof the value of MRR as follows:

V,=AGVs+ AV, = A4V A 1 +

AV, )

“"1 ad t‘"d

Bagc of Op-Amp
The circuit shan provides operation as a constaqt-g@multiplkm. input signal, V1,9
apdied through resistor Rt the minus input. The outN S
L 2
minus input through ress Rf. The plus input i; @Ied to ground. Since the signal V% i

esentially appiedto theminus input, the resulfin tpwapposite in phasw the input signal

then connectedkbto the sam

Figure 6a shows the op-amp ragd by its Ivalent
circuit. If we use the ideabp- amp eq@ ent circuit, replacing Ri by an infinite resiseaand

Ro by zero resistane the ac Q@pnt circuit is that sho in Fig.6b. The circuit is then
redrawn, ashawn in Fig. 6c¢, fr@ ich circuit analysis tarried out.

s A A
|¢v:~,¢vv~.- . .

M 4 Ay &

AW A " v 3 {

§ '\, | A ’\‘ J
a“al ‘

: U l ——d

- v v v

FIG.6.0Operation of op-amp as constant-gain multiplier: (a) op-amp ac
equivalent circuit; (b) ideal op-amp @uivalent circuit; (c) redrawn equivalent circuit.



Using superpaition. we can solve for thevoltage Vi in terms of the componerts
due to each of the sources Forsource M only (-A"V, set to zero).

V,1 = Ri Vi
R + Rf

For ource -AW only (Vi set to zero).

. R, :

,”;‘ ‘7'.'1‘"'

Ry +R,
The totd voltage Vi is then
R R
V=¥, + Py = —L— Wy + ——— (=4 F)

Rl"Rf R1+R’

which can be sdved for V, as . Q
»

Rf+ AR

If Av }:, 1 and AvR1 1, Rf- a is u% e then
L _w

1

Solving for vclJl .. we get @6
ZA\V
Vv,

\, ~Av RiVi R, 1y
Q Vi A.R1 R, ¥V,
Vo R
¥ R
. . ',l — —R_'l—_ x.u
Unity Gain R, + R,
If R= R the
Vo Ri+R R
¥y SRS

so0 thatthe circr
actly R,. the vo



PRACTICAL OP-AMP CRCUITS

Inverting Amplifier

The most widely used constant -gain amplifier circuithis I
inverting amplifier, as shown. E€houtput is obtained by

multiplying the input by a fixed or constant gain, set by th

input resistor (R1) ande@badk resigor (Rf }—this outpdl s

also being inverted fra the input. Using Eq. (14.8)e can S | 3
write
: % ¥
o R1 1

Noninverting Amplifier . ?

The conedion of Fig. 8shavs an op-amp circuit thaN rks as a noninverting dingol or
constant-gain multiplier.tIshould be noted th ir:verting amplifier cediion is moe
widely used lecaise it has beer frequency ility”(discussed later) . To deiee the voltage
gain d the circuit,we can use the equiva&epresentationvmmm Fig. Note that the voltage
aaoss RisVisince Vi =0V. This mus@ equal to thetput voltage, through a voltage divide

of R1 and Rf, so that \

. O |

Opamp  ——

Ry

FIG.8.Noninverting constant-gain multiplier



Summing amplifier

The circuit shavs a three-input smming amypifier circuit, which provides a mans d algebraically
summing (addig) three voltagessat multiplied by a constant-gain factor. Using the equivalent

representation skn in Fig. 9, the output voltageen be expressed in terms oé&thputs as

r R R R
ra'l _f rv i / '—‘. ' f r- ‘

In“other Wordsea%'mput add"‘ sa voltagmhhe output erItlplled by its separate constantrgai

multiplier. If more inpus are used, thegach add an additional componéatthe output.

AN x,
n R, AN N
— ANV S R, R
. | | AAN— AN
AN e = x,
", * AAA
V) — N Opv - | @ I'~ Vb !
R Akt AL
e — * |
FIG.@Summing amplifier; (b al- ground equivalent citcu -

Subtractor: O\Q
O

A1+ R2 73
v, — - Y
our (n: s N(] T mN)

Bl afRdarcd 2 = R4

FICo10 Sutktraltbr



The aim of the subaidor isto provide an output whicls equal to the dierence of the two input
signak or proportional to their differex@ Forminimum dfset error R1 || R2=R3 || R4 .

Op-Amp as Integrator

The operational amibler integrator $ an eédronic integration circuit. Based aroundeth
operational amyflier (op- amp) it performs the mathematical operation of integratiothwi
resged to time; that is, its output voltage is proportiotalthe input voltage integrated ave
time. The input cuent is dfset by a negativee&dbad curent flowing in thecapactor, which is

generated by an inegse in output voltge of the amplifier. The output voltage is therefor
dependent on the value of inputri@nt it hasto offset and the inverse of the value oé th
feadbadk capactor. The greater thegpacitor value, the less output voltage t@abe generated to

produce a particulae&lback curent flow.

Ideal circuit

(o]

-Vee

The circuit operates by pang a curent that charges or discharges ttapactor Ci
during the ime under consideration, which strivesretain the virtual ground condition ateth
input by off-setting theféed of the input curert. Referringto the above diagramf the op-amp
is assumed to be ideal, nodasamd v are held equal, and sa@ i® a virtual ground. The input
voltage paes a cuert vil/R: .through the resistor producing a compensatingedu flow
through tle series cgpactor to maintain th virtual ground. This chargeor discharge the
cgpactor over ime. Because the rets and cgpactor are camneded to a virtual ground, t@
input curent dos not vary withcgpactor charge and hnea integration of output is achieved

The circuit can be analyzed by dpipg Kirchhdf's current law at the nodex vkeeping ideal op-
amp behavior imind



il = IB+iF
IB=U in an ideal op-amp, so:

1 = 1

Furthermore, thegpactor has a crent relatio p governed by the equation:
dvc

lc=Ce
© dt

Substituting the appropriate variables:

- — | ’
",y E dt
' 2—1.1—1)in an ideal op-amp, resulting in:
*
Vin dvo Q

N cpo N\
R1 dt @Q
\

Integrating loth sides with resped to time:
t Vin
- d = - C
R1
If the initial value of yis as§ be OV, th r of:

SR |
1 F a

Vin dt

The Op-amp Differentiator Amplifier

The bas . mp e cui 1 e € p pwsitet of th ato plifie

i g

circuit thatwe looked at in the prewus tutorial. Here, the position of tregpactor and resistor
have been reversed and now tbetarce Xc is connededto the input teminal of the inverting
amplifier while the rester, Rf formsthe negativedalbadk elementaaoss the operatioha

amplifier as normal.



This Operational Ampifier circuit performs the mathematical operation off@#ntiation tha

is it “produces a voltage output which isedity proportionalto the input voltagés rate-of-
change wh resgad to time “. In other words the faster or larger the change to the input
voltage signal, the gger the input cuent, the geder wil be the output voltage changa i
response, éxoming more of a'spike’ in shape.

As with the integrator circuitwe have a resistor andgpactor forming an RC Network
aaoss the operational anipér and the @atcance (Xc ) of thecgpactor plays a major role in

the performance of a Op-amp Differentiator.

Op-amp Differentiator Circu it

RE M .y \
alz ] &@ Vout

\\\
- //./

The input signato the dﬁeren@gs applied to thregpactor. Thecgpactor blocks any DC
content so there is no ican o the amgfier summing point, X resulting irero ouput
voltage. Thecgpactor onlyﬁ/s AC type input voltage changes to pass through andevhos
frequency is dependent on the rate of change of the inpuatl.sign
At low frequencies the reactance of ttapactor is “High” resulting in a low gain ( RXc ) and
low output voltage from the op-amp. At higher frequesithe reatance of thegpactor is much
lower resulting in a higher gain and higher output voltagen fthe dif erentidor amplifier.
However, at high frequencies an op-amfbestentidor circuit kecomes unstable and Mvitart to
osdllate. This is due mainly to the first-orddéfest, which detemines the frequency responsie o
the op-amp circuitausing a sond-order responsehich, at high frequencies gives an outpu
voltage far higher than what would be eged. To avoid this high frequency gain of the circui
needs to be redged by adding an additional sitharalue cgpactor acoss the éedbadk resigor
Rf.

- and |



The chage on thecgpactor equas Capacitance x Voltagaxoss thecgpactor

N

The rate of chage of this charge is

but dQ/dt s thecgpactor current i

N\
@.

from whichwe have an ideal voltage outp%&@op-amp differemtiatgiven as:

MR
Therefore, the output volt @ut is a constant AR imes the derivative fahe input voltage
Vin with resged to time. Tﬁnus sign indicates a 18phase shift because the input sigsal i

connectedto the inverting input teninal of the operational amfier.
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b) Nc-lg\e,c;{:‘?ng Vc_.t_-: (sad) |

Icc_r:at. D= \_/C'C‘_._ = 10
Re IXIDB
)IL@QA:) = AdAomA [
4 -3
Teudin) = Tecsaxd - loxlip
Pac 2.00

L'I‘Bu-n“{n) = SOMA .\Q

Q,Q

C.-) +Vee=10V &&
Re gk bP'PP‘:jfna VL,

v e M @6
‘aD _NI%.%,..'@*V Vee O\' Vin: Temfmy R + Vg "
| >
= an _vB &

D = Q RE (oD =
Tamon)

RBCM) = 5 — 0.3 ~ oA
SOFA oA

RBCmooc)'—' R6 kO

-

the minimum volue of Tp seguised t0 sSotuzods

_g> Whet Te
the tmonsietos shown n £59. P2 pye-195 & VeE (2at)= D=2V
Ve =10V
Re 2 | k-
Ra
VA _1
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Also  eind the
Vin=av.

sollt:
e s

+VCC.- =\oV

oo Teceed

Teiwin = Lecoad)

moaximur value of Ry Teguiwed when

2\

®

Applying KL +o the loop
Cor)STEtb?nﬁ O‘F' VI’.‘.tf-- sRe = VLE-J

Vee= Tegeat) Re + Vee(aa)

Vee = Vee teat)
Re

T (sok) =

IO"' Dl'g-
) k-

YILL&O\*—-} = q.83mMA
=

Cfofs:n’ln'B . Q
25 }

APpiding Kyl o &@
O

Vin =

Rp =

9

\oop wns‘fsrl:fng 4 Ven, Ry, Vae

me'rn) Re + Vee

Vin-Vae

I‘B Cssiim)

—
-—

3 —0-3
T LA

] Re = ﬂa.\\knhj

e
3 Tr the cfradt shown,

oD What +he

s

(.b.) Whoet f—"—'- the ﬂ"ﬁnl‘mum value D‘F an

value of Tp nHecessY to pwoduce secbucseion )

Nne.cessssy o=

Sccwsotion 9 Aseume  Veeraat) = OV

“Ver

Re 2 10KN-

P&L:‘SD

—
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sol' - , 5
A f\r“{q\m‘\‘i l'\ﬂ VC.F‘U'!-L\"!D DV O
£Y)
Ic,mrti:’ - Vc.r. "—th':u-nl) - Vc_r_
Re Re
s L -
C ot R 1:5(”“,.,) = Teolsed
_ Edc.
Teaed) = SDD)-L;\ 1 = So0}A
e \%5 O
'h“l—'—. .
Tg troin) = 3.33 A
OD \)rﬂ = TaRe +Vpe

He get Teunin) Hhen Ve, 5 minimum

Vet = Teuntey Re + Vpe
Vi tmim) = (3-230AD> lepMa 4 07 Q
o

Transietos SWTHch ciroudt \X.,wftch OoN[OFF an LED [ Larop

Vinumin) = M- 03V l

o
A éfm?}e a.??\fm" of A~ anststTs syihrebh cdsant

e, D oWitch DN|0’F6\;-D LED -
Ru‘_

=3
Re
'n

| L1 L=

Fig: Toonsiotes cizoudt +0 switch DN|OFF LEP

b
+he crrvadt s a éa\(uarﬁﬂ Ha\(ca..H en
ts §n OE-0Off E
net emit

The fopuwt +0
=4
the Souase Hove e ax OV, the Aransistos

—o ond T.=0 , thesegrze LED 2 ODFF and dwes

\fght -
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L] e —_———————————— — - |
Hhen the sguame Hove  goes +0 Tt= \-,‘,’Q},., level , the @
Iroanafett® Sarurotes and this fowHarsd biasces the LEP.The

'&’&Lﬂ-—\-l:’i’nﬁ collector curvrent thrsough +he |LEP cowmses $+ +o

emit  |9ght

Thus the LED +uons ON when Vg, 75 Kigh ond OFF
when =0 5 ré‘e.ebu'rkfn_g n b\fnkfng ap LED.

Psoblem

D The LED shown fn £fg Tepuizes 30mA ko emit o sufpfcient
“+Ve = av

leve) o \fght-

Jl g
0

..-—'—? +

Tg Q-BMVK

4
Detesrsfine the a.rﬁpm:t.nde. of 4+ I;vwrse. Wave Input voltoge
nececssasy o make suse thkx Ysanarstrs =stuzates. Uk
double the minfrmum value & Ip +0 ensuvse scxusation  Assume
Veeceal) = 02V & Vu’:p:l-é\"%

sol": N

Applying KVL e \oop consTsting 2 Vee,Res LED,Vee

Vee. = Teceod  Re + Viep + Vee toot)

T oo = Yee— ViIED - Vee(eat) = A-1-6-0-3V
Re 9200

‘Ic_c_gp*:) = 32-2mM A l

. . pe
TBumin) = Cg_swh)) = Bg’:mA = |Tomin= 646 HA l
tmin o

To enswré sorusodion, double IBCI’!‘a'I’n) _f'-yla_fsmqn)z_h:}q)m;]

Applyfng KvL -to Joop consfeting of Vin, Rp .Vee
Vin = 3T s tmim) Re 4+VeE = (l.aamAx 230+ 0.7

(Vea= soacv ]

|
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BT oe r,x,rth.{’.\f

¥ Cusgent amplifi codi ON
A  ‘trvansistos mplf_ﬁes cusrertt  and- +he collectos

4

cusvsert fT= given by,

T—C. - [5.1'5

(e, base cusvent TIg s m1f’+,"eal, by a $octos

2

Celled cursrern ga_{n '[1—,‘.

s Voltage W\'ﬂ;’im:h?an
The -transistos O-rh'}?\T_Fj'c-’:ﬁ' st 15 as shown
the f£igure - ’\Q
(= ¢ :;L d_
Arn oc volkoge Vg5 1= @e—af’mpn.aa on the &
5 oS voHcge VBE b‘d cCa iTve C.DLq.'Plfnﬁ_'qu]ch[_ bfas

-

1

voltage V.. ie connected the collectos +thzough +the

collectos —sesistance 6

3
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The ac fnput volage prvduws on ac base cicsrertt
Whieh seeulte n a much la¥ges  ac collectrs carFrTent.
The ac collectos cuszsert produces an ac Voltage arcsoes

Re wWhich T8 amplipgied and frvested vession op ac

Trput  voltage -

The _prvwcescdl biased boce —emiter Junctfon Dfpers o

loW —seafetrance 4o the ac sTgnal . Thie Trbesnal wesistance

fo aco emittes —wesistance ')’ ond * ceppecss o sexfes

Wb Ra

The ac bose vologe T2,

| V= I@-u'ﬂ

The cec collecktor voltage V,_."\’Q +he ac voltage cesvp
acvose Re. @’

voltage ,

| Vb: V.S -Ibﬁg

Vc_ con be congidesed os e tmonsistor ac output
VoH:ag:.

Voltage gain T depfred og 4he -sutio ep the ouwtpict
Voltage +o the fnput Voltoge .

e { Av'—'-' ..\_,9'-.-
vb
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Subetituring the vealues fov Ve & W,

Ay= Ve = eRe

—

Ve Ve e

——

Ay= Ye = Re

Vi

|
Te

This gav_‘od;rpn shors that Hhe 'i:"ﬁ‘&J\SfS‘i:ﬂ‘S' 'p—a-a\"l'dl&s
ampl\igicetion Tn  the fosm @ Volkage galn, Which is

dszmder\f en the values of. Re and 'Tcl.

\
S?n{,&. -RC. TL‘- \fr"‘f:r'."': Ehhan —ff;-

) the cwtput voltage
(= goeates than the ‘v.hpu.{-. voklage

Ve Avv, | ®

Vc_: B_C-_

'onbl ems @6

b A t.-n-m)|g-{—g'5 CL"'@-P'IC'! "'\ﬁ._‘ (" VD\":C&Q& c_—]mn r..:r 50 . Hl"\ﬁ:l—

ta the OLd:Pbﬂ-QlolJmﬂ:. hen  tEhe It"\'PLEL voltasg= = 1o0omV ?

N
soL s Tven,

Av
V.b

50

1oomVY

11

Volkage galn, Ay:z Ve
vb
VC.= Av Vb

= 5px |IDomMmV

1vc_'..'-' sV
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A\

S

=Yo]

9} To achieve on Output  af loV with an f'rgFLd‘- Qf 3pomV, @
What fs the aeguised  voltage gefn?

Sol"!

Vﬂ'l.l.‘t = VC_ = oV

VOlhage. 6\&-‘]‘”,

Ay = !E-.. 5 o)
Vi 3po MV

T AV: 33.332 k

3) Dererniine the Volnge gain and the ac o utput VoHage

{05 +he chscuit shodn. Agcwe 6. = S0

Re ’\Q

Sol 2ven, Q

T 50
Av‘-'— 2.0
pe Ve
Vb
Ve= AvVe = 20% g5pmv
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B A somy sfonal 75 opplied +o +the boge a{:a-tmrﬂnshw®
With ' 900 and TR.=6200. Determineg +the ouwtpud
Voltage -
it Tven,

Vi, = SomV
Bo' = LoL-
Re= 62058
VC"‘E&-QE- gofn,
Ay = Ra - 62-0
e S
\ Av= 3!
ouwEput  voltage,
Ve AyVy ’\Q
=AY K 59 @0

9

5 A change of 20 z’r, bose cuszent —sesub® n a chang

of o emA
golin .
= Tven,
Sell: T,= 20UA

Te = 9—--57""”&

CupreTt  gein,

T 6 ects Cus=dvent .

Colciwdete the cucosrent
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§ Tp the votuge galn

op a armpl\ifier

75 11D and the

@

PoeES Qadn .

Cussent gafn Te  12.5 - Caladoi® the
o,
= Ay= 10
At: “3—-5
Powes gain,
Ap= AvAL
-~ {10 %\12-5

> An cropligies bas an Inpuk Sgnal
T4+ Jelivess @V +po a load &b

*
and pownes gains.

ot 0.25V and Awcows
ArnA  frovore the Souwsce .

lormA . Detewrnire +he vohlage,

@ .
&

spl;
&efven, bs‘\
chs\'@ T, = 10MA
Vologe gosn, Ay= Ve - B Ay - ae-J
Vi 0-25
Cicswent goln, Ar- Te _ lox 1072 Ac-lo
Ip Ixio~ L
Poes ga.jn, AP’ AVA[,
= 32XI1p
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MODULE-5
Digital Electronics Fundamentals:
Number System

The deanal number system (Base 10) is a familiar number systeme 8thher number systesn
that are having equal importance are: Binary (Base 2),Bes#(8), Hexad@nal(Base 16)

All number systems have some common atiaristics:
The digit are consecutive.

The number of digits is equal to the size of the.bas

O

*
When 1 is added the largest digit, a sum @a® and ecary of one results.

Zero is alwagthe first digit.

The base number is never a digit.

Numeric values detained by the ha@% positional values of the digits.

Binary Numbers b‘
The binary number system is odel the series of electrical signals computers use to
represent information. 15, ed the*“Base 2 system

Eadh digit in binary is @r a 1 and is calledia which is an abbreviation obinary digit. O
represents the no vogia or an off state and 1 represents the presence algeolbr an on
state

There are several common conventions for representdtimmaboers in binary. The mbs
familiar isunsigned binary. An example of a 8-bit number in this case

is010011112 =@’ + 1*25 +  +1*2°=64+8+4+2+1=7910

The largest numbevhich can be represented byits is2n — 1. For example, with 4
bits the largest number is 1122 15.

The most significant bit (MSB¥the bit representing the highest power of 2, and the
Least significant bit (LSB) represents the lowest powet.o

Example : Binary: 1110110111
MSB LSB



Deciml Binary No

0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110

7 0111 Q
*
8 1000 \N
9 1001 Q
N

Dedmal to Binary Conversion
Theeasiest way to convert aadma berto its binary equivalent is to useeth

repeaed division of a damal @r by 2 and records the quotient and remainder.

The remainder digits ence of zeros and ones) form the binary equivalent in

least significanto maost significant digit sequence

Example: Convert 6% its binary equivalent:
6710= X2
Step 1: 67/2=33 R1 Divide 67 by 2. Roord quotientin next row

Step 2: 33/2=16 R1 Again divide by 2; record quotient in next row

Step3:16/2=8RO0 Repeat again
Step4:8/2=4R0 Repeat again
Step5:4/2=2R0 Repeat again

Step6:2/2=1RO0 Repeat again



Step7:1/2=0R 1 GFlwhen quotient equals 0
Thus (67)0=(100001 %)

Similarly we can convert 57 and 211 as given below

& 53 =32+16+4+1
=25+24+22+20
=1*25 + 1*24 + 0*23 + 1*22 + 0*21 + 1*20
=110101 in binary
= 00110101 as a full byte in binary

o 211=128+64+16+2 +1

=~
=27+26+24+21+20
=1*27 + 1*26 + 0*25 + 1*24 + 0*23 + 0*22
+ 1*21 + 1*20
= 11010011 in binary . Q
N
Binary to Dedmal Conversion @ .

Multiply the binary digits by in@asing pg r two, starting from the right and then find

the de@mal number equivalent by su

-z

Example: @
. What is 10011010 in desimel?
10011010 = 1*D+ 0*2° S+ 1%+ 1*2%+
*21+ 0*20
=2 + 284+

=128+16+8+2
=154

hose products.

What s 00101001 in decimal?
90101001 = 0*2+ 0*26+ 1*25+ 0*24+ 1*2% +
0%2%+ Q*2t + 1*20
=25+28+ 0
=32+8+1
=41

Represeatation of NegativeNumbers

There are two commonly used conventions for representiggtiie numbers. Withsign
magnitude, the MSB is usedo flag a negative number. So for example with 4-bit nusive

would have 0011 = 3 and 1011-3. This ssimpleto see but s not good for doing arithmetic.



With 2's complement negative numbeiare designed so that the sum of a number andsits 2'

complements zero.

Using the 4-bit examplewe have 0101 =5 and itssZomplement-5 = 1011. Adding
(remembeto cary) gives 10000 = 0. (The 5th bit doesn't count!)

Both addition and multiptistion work as you would exg@t using 2's complement.
There arewo methods for faming the 2 complement:

1. Make the transformation!OL and 10, then dd 1.

2. Add some numbeo —2MSB to get the number you want. For 4-bit nungesm
example of finding the 2's complement of 5%=-8 + 3 = 1000 + 0011 = 1011.

n 2Z2scomplement
— Step 1: Find Iscomplement of the numbé\Q
Binary # 11000110

1I’scomplement 001
— Step 2: Add Yo the Iscomplemept

00111001 S‘\{

2

+ 00000001

00111
Octal Number System

Also known as the Base @stem. Uses digits D.It can be ealily convertsto binary by
grouping three (binary@ﬁits starting fnathe radix point. Bd octal number aovertsto 3
binary digits

Example:
1) Convert 427oto its octal equivalent:

Divide by 8; R is

427 /8 =5R3 LSD

Divide Q by 8; R is netx
53/8=6R5 digit
6/8=0R6 Reg untilQ =0

Thus 42710= 653
2) Convert 65gto binary

T 5 3
SR !
110 101 011

Thus 6538= 110101011



Hexadedmal Representation
It is very often quite useful to represent blocks of 4 bits bygle digit. Thus in base 16 there is

a cawvention for using one digit for the numbers 0,1;2,,15 which is calledhexadeamal. It
follows decimal for Go 9, then uses ters Ato F for representing 1® 15 respdively.

Decimal Hexadecimal
0 o
1 1
2 2
3 3
a a
S 5
6 6
7 7
8 a
9 ]
10 A
11 2]
12 c
13 D
14 e
15 £ ’\Q
CONVERSIONS

<
Convert 83fto its hexadecimal equivale
830/16 =51 R14

51/16 =3 R3 Q\
3/16 =0 R3 %E)

Thus 83@0= 33E( As 143 repre

Binary to Hexadedmal Conversier@

Theeasiest method for co@ting binary to hexaded is to use a substitution coBad
hex number coverts to@inary dig#as shawn in the table.

Substitution Code

0000 =0 0100 =4 1000 =8 1100 = C
0001 = 1 0101 =S 1001 =9 1101 =D
0010 = 2 0110 = 6 101710 = A 1110 = E
o011 =3 o111 =7 1011 =B 14114 = F

Floating Point Numbers

Real numbers must be nibzeh using scientific ~ otation:

0.1...x 2"wheren isan integer

Note that the whole number pastalways 0 and the most sigmiént digit of the fadion is a 1
— ALWAYS!



Standard Format single precision representation uses @it

The exponent field (8 bitgan be usedo represent integers from 0-255

Because of the eal for negative exponents be represented as well, the rangeffiset or
biased from- 128to + 127

In this way, loth very large and very sihanumbes can be represented

+ 8-bit 23-bit fraction field
exponent
Logic Gate

A logic gate is a haware implementing a Bolean function; thais, it performs aodgical
operation on one or moredical inputs, and prodigs a singledgical outpu. Depending on th
context, the term may reféo an ideal dgic gate, one that has for instanoeo rise tme and

unlimited fan-out( the number of gate inputs it cealfor caned to), or it may refeto a non-

ideal physical device Q

Logic gates are pnarily implemented using diod ansistaing as etdronic witches,
but can also le constructed usingacuum tubes Qagnetlc relays , fluidiogic, pneumat
logic, optics, matales, or even mecha ements With afiigation, logic gatescan be
cascaded in the same way that Boole &t

a physical mdel of all of Booé;& nd therefore, all of the algorithms and mathersatic

thatcan be described with (B)ké .
The three basiobical ope;@ are

tioas be composed, allowing the constructidn o

« AND

+ OR

« NOT
AND gate

The AND gates an eedronic circuit that givetrue output i.e output (1) only if all its inpmere
true. A dot(+) is usedo show the AID operation i.e. A-B.

OR gate

The OR gatesian eédronic circuit that gives a gives a true outpuetouput (1) if one or moe
one or more of its inpatare true. A pls (+) is usedo show theOR operation.
NOT gate

The NOT gatesan eédronic circuit that produsean inverted version of the input a d@utpu.
* Itis also knavn asan inverter.
« If the input variable is A, the inverted output is lamoas NOT A



This isalso shavn as A', orA with a bar over the top.

NAND qate

» This is a NOT-AD gatewhich is equal to an AND followed by a NOT gate.
» The outputs of all NAID gates are true if any of the inpsiire false.
« The symbbis an AND gate with a simhcircle on the otput. The smk circle represest

inversion.

NOR gate

 This is a NOT-OR gaterhich is equal to an OR gate followed by a gate followed by a NOT
gate .
» The outputs of all NOR gates are false if any of the 'En@ue.

*

« The symbbis an OR gate with a sihaircle on the oum{. The stha&ircle represest

inversion represents inversion. @ ¢

EXOR gate $\\

» The 'Exclusive-OR' gate is a circwit ill give a true otput if either, but not both, ofst
two inputs are true. @

» An encircled pls sign @) is ’\o show the EDR operation.

O

« The 'Exclusive-NOR' gate circuit do#he oppositeo the EXNOR gate.

EXNOR qgate

« It will give a false output if either, but not both, aftitvo inputs are true.
« The symbbis an EXOR gate with a small circle on the outputlsiecle on the output .

« The smé circle represents inversion.
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Boolean Algebra
Invented by Geae Boole in 1854. s a cavenient way and systematic way of expressing

and analyzing the operation ofic circuits.
An algebraic structure defined by a Bet {0, 1}, together withwo binary operata (+ and
-) and a unary opetar.
Terms goingo be used-
n Variable — a symbol usetb represent algical quantity.
n Complement-the inverse of a variable and isiicated by a bar over the variable.

n Literal — a variable or the complement of a variable.

BooleanAddition
n Bookan addition is equivalerb the OR operation
n Asumterm is prodiced by an OR operation Witﬁ@ ops involved.
n i.e.A+B,A+B,A+B+C,A+B+Qp’
n Asumterm is equal to I when § more of the literals in the teeniar

n Asumterm is equal to 0 0 of the literals is O.

Boolean Multiplication ce
n Bookan multiplication is eq the AND operation

n A product term is prod Yy aAND operation with no OR ops

involved.i.e.AB,Q C ,ABCD
A product term isequal to 1 onlyf each of the literals in the term is 1.

A product term is equal to O when one or more of the litsraie 0.

Laws of Boolean Algebra

The basic laws of @dlean algebra
Thecommutative laws

Thecommutative law of addition for two variables is wtien as: A+B = B+A
Thecommutative law of multiplication for two variables is wtien as:AB = BA

Theasdative laws
Theasodative law of addition for 3 variables is written a&+(B+C) = (A+B)+C
Theasadative law of multiplication for 3 variables is wtien as/A(BC) = (AB)C
Thedistri butive laws
Thedistributive law is written for 3 variablsas follows:A(B+C) = AB



DeMorgan’s Theorems
The complement of two or more ANd variabless equivalento theOR of the complemestof
the individual variables.

XY =X+ Y

The complement of two or more ORed variables is equivedehe AND of the complemestof
the individual variables.

X+Y=XY

Latches & Flip-flops

Digital circuits can be clagfied as

1. Combinational circuits:
In this case present output of the circuit depenﬁ\QresenS iyt
L 2

<

Outputs

Inputs=

Combination l\
circuit

2.. Sgjuential circuits:
- Present output not only dep@ resent inpstbut also on the previous state of outpu

It can be realied as combigatignal circuit with a feedback path along with a mgmor

element. 'Q

Inputs—™ Combinational — QOutputs
’ circurt

Memory

The most basic memory elemeaxah be redzed by wo inverters foming a static memgr
cdl. Assume A=0 and B=1, then the below circuill wmaintain these values indefinitely
(as long as it has power dygal) . The state is defined by the value of the memory cell

S

Fig: Static memory de




S-R Latches :

Most basic type of latch.

Fig : SR latch using NOR gate

The state S=R=1 is in @d not allowed S . R Q

Fig : Truth table S-R latch using NOR gate

It isknown as set-reset latch as it ifwo stable output state.

NOR gats can be used inst&d of inverters. The SR latch belowstao inputs S and
R, which will control the outputs Q and’Q
Here Q and)’ feed ladk into the circuit. Theyre not only outputs, thése also inputs!
To figure out how Q an@’ changewe haveto look at not only the inputs S and R, but
also thecurrentvaluesof Q and Q:

Qnext = (R +

Q’currenty

Qnext = (S +

urrent) . \Q

Yx__ -

0 0 No change

0 1 0 (rese)

1 0 1 (s¢)




S R at+t at Function

0 0 1-? 1-? Indeterminate
State

0 1 1 0 Set

1 0 0 1 Reset

1 1 Q Q Storage State

Fig: S’-R’ Latch using cros coupled NAND gate

Gated SR latch . Q
R o— N\

-
-

L

S Oy
A gated R latch circuit diagraq’cspstructed from NOR gates.

A synchronous SRlatch (€0 es clocked SR flip-lop) can be made by adding &®nd
level of NAND gatesto the inverted SR latch (or @®nd level of AND gatesto the died SR
latch). The extra NAD gates further invert the inputs so thge SR latch becomes a gated
SR latch (and a simple SR latch would transform into adgakelatch with inverted enable).
With E high gnabletrue), the signalsan pass through the input gateshe ewragpsulated latch;
all signal combinations exgpt for (0,0) =hold then immediately reproduce on the (Q,Q) output,
i.e. the latch isansparent.

With E low (enablefalse) the latch islosed (opaquelnd remains in the state it was left the last
time E was high.

Theenableinput is sometmes a clock signal, but more oftenead or write strobe.
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Gated Dlatch E o

4

D
A D-type transparent latch based on &MNAND latch

.

Q

A gated D latch based on an SR NOR latch §

This latch exploits the fact than the twoadi @ut combinations (01 and 10) of a gat&l S
latch, R sthe complement of S. The in stage cavertsthe wo D input state (0 and 1)

to these two input combinations for the t SR latch by imgthe data input signal. Thewo
state of theenable signal prodnes dive "11" combination. Thus a gated D-latch may be
considered as ane-input sy ’%oous SRatch. This configuration prevents apgation d the
restricted input combin VG is also knowntemsparent latch,data latch, or smply gated
latch. It has adata inputﬁm enablesignal (someimes namedctlock, or control). The word

hat—when-the enable inputis-en;-the-sighal-propagatsshdi
through the circuit, from the input © the outpuQ.

Transparen latches are typically usel as I/O pors or in asynchronous systemsr in

synchronous two-phase syste(synchronous systems that use a two-phase clock), where two

latches operating onfflerent clock phases prevent data transparency as in a +sksterflip-
flop.

Latches are available as integrated circuits, hswath multiple latches per chip. For example,

74HC75 is a quadruple transparent latch in the 7408sseri



Gated D latch truth table

E/IC D Q Q Comment

—4 [ 0

Qpre
0 X v (pres No change AE

=
ot

Reset Symbol for a gated D
1 0 0 1 latch

1 1 1 0 Set

*
The truth table shows that when #m®bletlock input is N% input has néfed on the
outpu. When EC is high, the output equals D. @ *

J-K Elip-flop %

This smple JK flip Flop isthe most wide d of all the flip-flop desgand s considered to
be a universal flip-flop circuit. The@ntial operatibthe JK flip flop is eadly the same &
for the previous SR flip-flop Wit& arfiSet’ and“Reset inputs. The difference thigne is

that the“JK flip flop” has n @Iid or forbidden input states of the SR Latch edwm S ad

Rare both at logi€1”. 6

The JK flip flop is basically a gated SR Flip-flop with the addition of @klinput circuitry tha
prevens the illegal or invalid output condition thagn occur when both inputs S arid are equl
to logic level “1”. Due to this additional clocked inpu,JK flip-flop has four pesble input

combinations;‘logic 1", “logic 0”, “no chang® and“togglk”. The symbol for aK flip flop is

similar to that of an B Bistable Latch as seen in the previous tutorigbexfor the addition o&

clockinput
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Both the S and the R inputs of the previous SR bistable haw been reptel by two inputs
cdled the J and K inputs, respectively after its inoedadk Kilby. Then this equates to: JS
and K = R. .

The wo 2-input AND gates dthe gated SR bis@lave now beenaegl by two 3-
input NANDgates with the third input afad ga @mﬁtedto the outputs at Q an@. This
cross coufpng of the SRIip-flop allows the ly invalid condition of S‘£” and R =1~
stateto be usedo produce atoggleacion” %

If the circuit is now*“SET” theJ4nput is inhibited by th&” status of Q through ¢h
lower NAND gate. If the circuit i ’the K input is inhibited by th&)” status of) through
the upper NAND gate. As C@&

When th inputs J and Kdare\equal tic “1”, the JK fip flop toggles as shn in thefollowing
truth table.

wo inpus are now interlocked.

arevays differentwe can use them to contrdhe input.



Output
Trigger | Inputs
Present State | Next State | Inference

CLK J | K Q Q’ Q Q'
m X X - - Latched

0 1 0 1
[ 0|0 No Change
= 1 0 1 0

0 1 0 1
1 0| 1 Reset
= 1 0 0 1

0 1 1
1 1 0 * \\ Se

1 0 1
[ Q) .

0 1 0
" 1 1 g) Toggle
= 1 0

c i
x&

Shift registers are a type @f Sequentmaid¢ circuit, mairly for storage of digital data. They aae

shift reqgisters

group of flip-flops coneaded in a chain so that the output from one flip-flagodmes the input
of the next flip-flop. Most of the registers §®ss no characteristic internal sequence of states.
All flip-flop is driven by a common clock, and all are set or resaultaneously.

Reqider:
n A set of n flip-fbps

n Ead flip-flop storesone bit
n Two basic functions: data storage (Fig 1.2) and data mowte(frignl.1).

Shift Reqigter:

A register that allowsach of the flip-flops to pasthe stored information tositadjecent

neighbour. Fig 1.1 shows the basic data movement in shift nagiste



Counter:
A register that goes through a predetigied sequence of states

Figure 1.1: Basic data movement in shift registers
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*
(d) Scnal in/paralic] out (¢) Paradie] mvparallel ot (1) Roty ~r} (g} Rotate Jeft
Fig 1.2: The fIip—roE&a&ga element

Storage Capaciy:
The storagegpacity of a register is thtal number of bits (1 or 0) of digital datacén retain

Ead stage (flip flop) in a shift register represents oneflstoragecapacity. Therefore ganumber
of stages in a register dat@nes it storagecgoacity.

Classification

The shift registexcan be classified as
Serial In - Seridut(SISO) Shift Registers
Serial In - Patiel Out (SIPO)Shift Registers
Pardiel In - Serial Out (PISO)Shift Registers
Parliel In - Pardiel Out (PIPO)Shift Registers



Serial In - Serial Qut Shift Reqisters

The serial in/serial out shift registaccepts data serially that is, one bit at a time on a siagl

line. It prodiees the stored information orsibutput also in serial form.

Bagc four-bit shift reqgister

A basic four-bit shift registeran be constructed using four bp-flops, & shown in Fig
2.1. The operation of the circuit is as follows.
The register is firstefred, forcing d four outputdo zero.
The input data is then applied sequentially to the D inghedirst flip-flop on the left
(FFO).
During each clock pulse, one bit is trandteid from leftto right.
Assume a data wotal be 1001. .
The least signdent bit of the data has to be @M through the register fifeGd~

YAl K\ N

D - ] Dataoutput

':: > > ::
5 = = |
J halaA |> Cus ‘C J
CLK— - : Gl

Fig 2.1: Basic four-bit shift register

Data Input [

In orderto get the data out of the register, they must be shift¢derially. The data is loaded t
the register when the control line is@®H (ie WRITE). The datacan be shifted out of #h
register when the control line IS LOW (e AD).RE



Fig. 2.2illustrate entry of the four bits 1010 into the register. Fig.2.3 showsatnelfits (1010)
being serially shiftegl_ out of the register and replaced|®eas.
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Figure 2.2: Four bi ) ) being enter&&ially into the register.
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Figure 2.3: Four b#(1010) being serially shifted out of the register andameg|
by all zeros

Serial In - Parallel Out Shift Registers

For this kind of register, data bits are entered $grinlthe same manner as discussethe las
sedion. The diference is the way in which the data bits are taken outeofdgister. Once ¢h
data are storedead bit apmas on its respdive output line, and all bits are awable
simultaneously. A construction foa four-bit serid in - pardlel out register s shown
below(Fig.2.4).

FFO FF rFd FF3
nput ¢als D okl | D P | n = . | 0 WC" ]

> —y
| r @ O % w0
CLK | :

Fig.2.4: A four-bit serialin S&é&l out register

:
:"1

Parallel In - Serial Qut Shift Reqgisters
A four-bit pardlel in - serial out shi {Ster is sa belov. The circuit uses Dlip-flops and

NAND gates for entering data@witlng)the register.

00 Q (02 D3

1

,_.}CV a — I:Dj_[—o_]

1 Oulput data
CLk > > —t- —4
w? oD | Ld | Ls2

CLEAR

Fig.2.4: A four-bit serialin - parallel out register

DO, D1,D2 andD3 are the paikel inputs, wherd0 is the most signitant bit andD3 isthe leas
significant bit. To write datin, the mode contrdine is takerio LOW and the data is clocked in.
The datacan be shifted when the mode contlioke is HIGH as SHIFT isadive high.



Parallel In - Parallel Qut Shift Regiders

For pardlel in - pardlel out shift registers, all data bits @apon the parhel outputsmmediately
following the simultaneous entry of the data bits. THiang circuit is a four-bit padéel in -

pardlel out shift register constructed by D flipp{fis.

Do Dy D2 Dy

CLEAR

CLK

Qljl n 1 Q

*
Fig.2. 5: parallelin - parallel out shift\&ers

The D's are the pdtal inputs and the Q's are the @ﬁputs. Once the register is clockedl, al
the data at the D inpsiappea at the corespor;d\i{ tpus Smultaneously.

e

Bidir edional Shift Reqisters b‘
The registers disaged so far involv right shift operationsack right shift operation &

the dfed of siccessvely dividing t&' ary number by two. If the operation is reversstisfiift),
this has theféed of multiplyi number by two. With suitable gatingamgemenaserial shift
registercan perform loth opﬁons.

A bidirectional, or reversible, shift registaranein which the dat@an be shift either left or right.
A four-bit bidirectional shift register using D flip-flops showvn below.

Fig.2.6: Bidiredional shift registers



ADDER is a digital circuit that performs addition of numbersmany computers and ahkinds
of procesrs addes are used in the arithmetiadic units or ALU.

Binary adders
Half adder

A o—
B e

Half adder dgic diagram

0/0| 0|0
1, 0/0/|1
0O|1| 0|1


https://en.wikipedia.org/wiki/Digital_circuit
https://en.wikipedia.org/wiki/Addition
https://en.wikipedia.org/wiki/Computer
https://en.wikipedia.org/wiki/Microprocessor
https://en.wikipedia.org/wiki/Arithmetic_logic_unit

The half adder adds two single binary digits A and B. It has two outputs, E&nandcary (C).

The cary signal represents an overflowinto the next digit @hati-digit addition. The valuefo

the sum in ddmal system is 2C + S. The simplest half-adder desigriuneid on the right,
incorporates an XOR gate for S and_aNDAgate for C. The Boekn logic for the sum (in ths
caseS) will beA'B+AB' wheras for cary (C) will be AB. With the addition of af©R gate to
combine theicarry outputs, two half addscanbe combinedto make a fil addert! The half

adder adds two input bits and generatesrey and sumwhich are the two outputs of a hal
adder. The input variablesof alhadder are called the augend and addend bits. The output
variables are the sum ancarry. The truth table for the Haadder is:

A] ‘ ¢ | i ] s -
B = I —\Qa

t 1'_\
)7 a

\ @ it
§'—@>;youtpulc
Half adder using NND gat%l :

®6
>
O

g Ot

ey

Full adder

B —

Seum ) NS
L= =
Cary-block

T
T | Cout

Logic diagram for a full adder.

A

o
)

R Y

C.

Cea

A full adder givethe number of 1s in the input ifnlary representation.


https://en.wikipedia.org/wiki/Integer_overflow
https://en.wikipedia.org/wiki/XOR_gate
https://en.wikipedia.org/wiki/AND_gate
https://en.wikipedia.org/wiki/Adder_(electronics)#cite_note-Lancaster_2004-1
https://en.wikipedia.org/wiki/Variable_(computer_science)
https://en.wikipedia.org/wiki/Truth_table

A B
'y

1-bit
Cout<+— Full =—Cin
Adder

Y

S

Schematic symbol for a 1-bitlfuadder with Gz and Coutdrawn on sideof block to emphase

their use in a multi-bit adder

A full adder adds binary numbsand accourstfor values caried in as w# as out. A one-bitfull-
adder adds three one-bit numbers, oftettemias A, B, and & A and B are the operands, angd C

is a bitcaried in from the previous less-siguint stage? T. Il adder is usulgl a componenh
in acascade of adders, which add 8, 16, 32, etc. bit bi %}numbers. The girodiices a two-hi
outpu. Outputcary and sum typically represen the signals &d S,where in decimia

system.

A full addercan beimplemented in mani Ub&nt wag such & with a cusom transistor-levie
circuit or composed of other gates.Q

One examplémplementations @d gate

In this implementation, thé@)R gate before the carry-out output may beaegl by an XOR
gate without altering the resulting logic. Using onlpottypes of gates is conveniefthe circui

is beingimplemented using simpl€ichips which contain only one gate type per chip.

A full adder can also be constructednfrowo half adders by connecting and to the input o on
hdf adder, then taking its sum-output(S) as one of the irtputse ®£mnd half-adder and assit
other input, and finally thearry-outputs fran the wo half-adders are cwmectedto an OR gate.
The sum-output fnm the second half-adder is the final sum-output () of thkafider and té
output fran the OR gate is the finatary-output(). The criticalath of a full adder runs through
both XOR-gates and ends at the sum bisa#ned that an XOR-gate takes 1 delays to complete
the delayimposed by the critd path of a fll adder is equao the critical path of @ary runs
through 1 XOR-gate in adder and through 2 gat&)Aand OR) ircary-block .


https://en.wikipedia.org/wiki/Adder_(electronics)#cite_note-Mano_1979-2
https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/OR_gate
https://en.wikipedia.org/wiki/XOR_gate
https://en.wikipedia.org/wiki/XOR_gate

The truth table for the fuadder is

Inputs | Outputs

A B Cin Cout S

Adders supporting multip le bits
Ripple-carry adder

A1 Ex Ki Ei

[ - 4 f B
-
T
1 & 51 S

4-bit adder withdgical block diagram shen

-

Dedmal 4-digit ripplecary adder. FA = full addetlA = half adder.


https://en.wikipedia.org/wiki/Truth_table

It is possible to @ae a bgical circuit using multiple fli addergo add N-bit numbers. &h full
adder inputs a i&; which is the Gy of the previous adder. This kind of adder is calletlpple-
cary adder (RCA), sinceeach cary bit "ripples”to the next fli adder.Note that the first (and
only the first) full adder may be replaced by a half adder (uhgegsumption that = 0).

The layout of a rippleary adder is snple, which allows fast designrhe; however, the ripple-
cary adder is relatig slow, sinceeach full adder must wait for theary bit to be calculate
from the previous fill adder. Thegate delaycaneasily be calculatedy inspedion of the fill

adder circuit. Bch full adder requirgthree levels ofdgic.

Multiplexer
Multiplexer, we can gmply say that a circuit which can deliver single output fromtipi

inputs. Itcan often refer aslata sekdor or mux. The inputsto this circuit may be Analogro
Digital. It is very usefl in sending large amourof dat@e a network with daease in
bandwidth andiie. A single pole multi-positioned SWN is a plain exanpiea multiplexe
which is not having an ettronic circuit or componen@ﬁ for highesd switching, automatically
sekding ekdronic multiplexers ar@mplemented. tiplexers that are built indransistors and
relays are employed for analog apgiionsg,| %&ta applications, standaradic gates are used
to build it. They are also termed digital %Mexer.

o—» DO\'Q) ouT
— D
l; —3p E—

T Control Signal

Contral Signal

4-to-1 Multiplexer Schematic Controlled Switch

Figure 1
This circuit selects one of the inputs with théphef contrd signals and delivers that particula
input into a single linesoutput. Therefore, itsialso termed as data eebr. The figure belw

shows the pin diagram ofultiplexer


https://en.wikipedia.org/wiki/Gate_delay
https://www.electrical4u.com/bipolar-junction-transistor-or-bjt-n-p-n-or-p-n-p-transistor/

M Control lines

N Input S— MUX Output signa |
Signals

4 to 1 Multiplexer

For understanding the multi 4e-1 Multiplexer. There armany
othes like 2to-1, 840-1, 1 S multiplexee, datals are the
following Q
Inputs Asthe name indiate \ Dy, Doand 3.
Output The number of
outp [
Control Bits Two control & Il Yigcjg € Which input bishould
have daed. The output ekxly depew thi control bits.
A
Do
s B
D: | \ y
l ° D— >
D | I =
' =) I
D, e =

If the condition AB = 00, the top mostND gate is enabled (shown in figure above). At thmeet
all the othe three AND gates are in disabled condition. So, input bito s sekded and
transmited & output. Thus, Y = . If the condition AB = 11, evergther AND gates are


https://www.electrical4u.com/logical-and-gate/

disabled excluding the bottom mosNB gate. So, input bit Pis seeded and transrtted &
output. Thus,Y = Daz. The exampls of multiplexes are IC 74153, C 45352 (4-tol
multiplexers), IC 74150 (163-1 multiplexer)

Applications of Multiplexer

Multiplexers areimplemented in several fields where there is a neces$ityansmitting large
amount of data with usef gingle line. Computer Memory In computer, the huge quantity o
memory is implemented by meansméltiplexers. It also has advantage of reduction in numbe
of copperlineswhich are used for the ooedion of memory to other parts in the computer
Communication SystemMultiplexer isimplemented in this system to increase efficiency. Using
a single transmsson line, various types of dafvideo, audio etc) atransmited at the saginstant.
Telephore Network Here, te multiple auddo signat are brough into a singke line am
transmited with theimplementation of multiplexer. By this method, the numeraudio signals
are made isolated and infiately the recipient Wl receive therequired audio signalSomputer
System of a Satellite Transmission Multiplexersare i nted for the datsignals to b
transmited from spce craft or computer system of s@ﬂlt&heeaﬂh by means of GPS.

Demder %
Dewder is a combinational circuit that h%‘i put lines and marum of 2output lines. One
of these outputs will badive High t%d on the combination of inputs present, when t

deader s enabled. That sens daxn@letects a particular code. The outputs of dwedkr ae
nothing but themin terms of n@ ariablesl(nes), when it is enableito 4 Decoder

Let 2to 4 Dewder has t\@puts A& Ao and four outputs ¥ Y2, Y1 & Yo. Theblock
diagram of 2to 4 decoder is shen in the following figure.

L Y3

A{ ——>

B 2to4

S YZ

Ao »  Decoder
L Y1

E —> > X

One of these four outputs wh-bg—fer—eadreembination of inputs when enablg, is ‘1’

TheTruth table of 2to 4 decoder is shan below.


https://www.electrical4u.com/electrical-power-transmission-system-and-network/

Enable Inputs Outputs

E A1 Ao Y3 Y2 Y1 Yo
0 X X 0 0 0 0
1 0 0 0 0 0 1
1 0 1 0 0 1 0
1 1 0 0 1 0 0

‘\?

From Truth tableye can write theBoolean i sfor ead output as

) 1:E.A1'.AO
YO0= «A0"YO=E.A1".AQ'

Eadh output is having one F@JC’[ term. So, there are four praduds in total. We ca
implement these four pro terms by using folNDAgates having three inpuead & two
inverters. Theeir cuit diagram of 2to 4 decoder is shan in the following figure.
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Therefore, the outputs oft® 4 decoder are nothing but th@n terms of two input variable
A1& Ao, when enable, Esequal to one. If enable, EZero, then th the outputs of @xder will
be equal t@ero.

Similarly, 3 to 8 decoder prodaes eight s of three input variables A. & Aoand 4to
16 decoder produes sixteen min termof four input variabls Az, A2, A1 & Ao.



Ripple caunter

The main property of a ripple counter has in this courteha flip flops are not driven by &
same clock pulse. Here the clock pulse is appiethe first fip flop. And the sacessve flip
flop istriggered by the output of the previous flip flop. So by this prepeis very much da
that ripple counter has cumulative 8ety ime, which limits its sged of operation. As the fits
stage of the counter changes its state first with thécaipn of the clock pulséo the flip flop
and the sccessve flip flops change their states in twausing a ripple through effect of the clock
pluses. As the signal propagates through thenter in a ripple fashion, it i€dled a ripple
counter.in bellow you Mli find the block diagram of 3-bit ripple counter.

+ Voo I [
T Q

; @ Outputs
counter

By 3-bit ripple countexve c&unt 0-7. Bcaisewe know by 3 bitwe can representinimum

0 (000) and maximum 7 (111). The clock inputs of the thigeflbps are cornexted in casade
The T npu of each flip flop is conededto a constant lwhich means that the state of thepfli
flop will toggle atead negative edge of its clock. Thus the clock inputhe first flip flop &
conrectedto the Clock line. Theother two fip flops have their clock inputs driven by tke
output of the pecaling flip flop. Therefore, they toggle their state whemetee pecealing flip
flop changes its state from Q %d.Q = 0,which results in a negative edge of the Q signal. So a
we take the ouput from Qo,Q1,Q:then we get the count sequence witfiedent counter statesa
mention bellow on table.


http://www.electronicsengineering.nbcafe.in/what-is-a-flip-flop/
http://www.electronicsengineering.nbcafe.in/what-is-a-flip-flop/

Countear State Q2 Ql Qo
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 @1& 1

—_— <
Another verymportant thing we should know ﬁ&i&e@tripple counter that thenting diagrams_
Here in bellow you will see therting diagram o&ee bit ripple counter.

Clock 1 2 3 5 6 7 8

O




Principle of operation of Mobile Phone

A cellular/mobile system provides standard telephone tiperhy full-duplex tvo-way radio &
renote locations. It provides a wireless eoection to the Pulz Switched Telephone Networ
(PSTN) from any user loaion within the radio range of the system.

The basic cocept behnd the cdlular radio system is thm@ than serving a givegrgebca
area within a single transtter and ecever, the syste divides the service area into many simal
aress known as cells, & shown in Fig. below. Y@)ﬁ:al cdl covers only several squar
kilometers and contains itsvo receiver and low- er transtter. Thecdl area shan in Fig.
below is ickd hexagon. However, in reality t e circular or other geometric shapes. These
areas may overlap, andliscemay be of diffﬁ‘ .

Basic cellular systa consists of moi tions, base stations and a mobile switching cente
(MSC). The MSC is also know ile Telephone Swighdifice (MTSO). The MT®
controls’11 the cells and provi interface BEweach cdl and the main telephone @#
Each mobile conmunicaes vi@dlo with one of the base stations and mapdveled df
(switched from one cell to@ 0) any other base station throughout the duration of the ca

Eadh mobile station consists of a transceiver, an antendeacamtrd circuitry. The base station
consists of severatransmiters and eceivers which simultaneously handle Ifu duplex
communicaion and generally havéowers which support sevetatransmitting and eceiving
antennas. The base station serves as a bridgedneslivmobile users in the cell and cats the
simultaneous mobiledls via telephon&nesor microwavelink tothe MSC. The ME co- ordinats
the adivities of al the base statieand cmnects the entire ckular system to th®@STN, most of
the cdlular system also provide a service wmoes roaming.

The cdlular systen operates in the 800-900Hiz range. The newer digitaellular systems have
even geder cgpacity. Some of these systepperate in 1.7-1.8 GHz bands.

Cellular Telephone Unit

The Fig. below shows the block diagram of lbwdar mobile radio unit. The unit conssf five
major £dions:



Transmiter, recaver, synthesizer, dgic unit, and control unit. The mobile unit contains bunit
rechargeable Wteriesto Provide operating power. The tranter and eciver in the unit shar
the common antenna.

Antenna
¥

j2ae| o Control Logic Receiver f* ] Transmitter
f unit unit [
\ERE i

] U

Frequency l
' synthesizer

The communication sys@
. ' inpu Transmitted Received Outp
basically deals with the transs% signal Psianal Sianal Signal

information fran one poin Othe —»{ Transmitter s “ENEE *| Receiver [—-Destination
using the well defing step ich ae 1

1
h
' Noise, interferences;

caried out in sequentiamanner. Tk | G ot
system for data transesion maksuse
of the sender and destination address, Indthier so many elements are also there thatvallo
to transfer data from one set of poiat another set of point after dividing tlelements of
communication systemin groups and these intartk elementsads as the maicomponent fa

data canmunication and all these inteabe elemergare given below-

Informat ionsource

The canmunication system whictve are using ifd as the main anmunicaion source for dat
trangnisson between two machines. Firstly,etBoure of dat code is generated eithén
numeric form or in chader form such thait should be in encrypted manner that doed no

provide informatioracess to unknavn or unauthored user, this unit us¢he specikzed tools



and utlities for the generation of messages whicloibe transnited over the cmmunicaion
channé such that the sighaan either be analog or digital in nature and it Bveded fran one
form to amther acording to the compatibility of trangsson medium that represents the signa
nature. Moreover, the data sousghich is generated using the encoder has filter compohent t

refinesthe data pdkets and removes data redundancy using the noramin technique.

nput Transducer

As you know that basievork of the transducer is to convert one form of energy into anathe
form that can be eédricd in nature. Let us consider that input source signal is e&uatrical in
nature then you have first convert these signals innte varying etdrical signal. For example-
the microphonewhich we use in seminars and presentations converts messag®eaitibn into
sound waves which isestrical in nature. Once you haye ally converted it into electrida
signals then data compressicdinique is usedvhich w §

2
padkage so that itan be easily transried over th sgon lines beause data compressio

redwcesthe size of the dateagketsto be trans%

Transmitter C. b‘

The source generateceetricd si @re then used by ttransmitter after refining then and
removes the noise and tzﬁstjb re in it and makes signal in form tah beeasily amplified,

mpress datagakets into sings

for the purpose of ampld&tion intransmitter circuit we usesthe digital modiator that caverts
sequene into electrica signat so tha it can be essily transmited ove long distance. Ko
example- In the wire telephony system, the modulatiarsesl for the enhancemerittbe signa
strength without the loss of the original datecdse using the ordinary antengait is not

possibleto reduce the noise and thgion during transnsson of data signal.

Communication channel

The physical medium whiclts used for theransmisson of communication data sgnals from
senderto recever is refered ascommunication channel and we can also say that it is éh
platform that allevs the sending anceceiving o the data pdkets using the well established Ipat
between wo machines thacan eithe be wire oriented or wireles such tha both types of
conrections are supported by the point to point amobdast channel, the various

communication channelsare used in it for thdata transmisson that depends on the type of the



networktopology and circuit whichwe are using. Ingtad of this, the optical media
is the bescommunicaion channéthat provides fast and safata transmisson

becaise tracing of the signals in it is impossible.
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The emiver machie work isto reprodue the mesage signal in eldrica form
from the noised and distorted signal such that digitahadiildor is used that
process the waveform signals into the se’q*éce of nuwsrtbat represestthe
discrete valugwhich is in form ofzeros fs and then these discrete signals

are used for thesonstruction of inf{ jon code from the attenuated signal

Desti bs‘\

M %
machi \
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The last sta?efdhe communication systemis destination machinehich

converts theseledrical signals into its original form for the dataohrtasting so
that it can beeasily understand by the end user ecaver and then this same sort
of communication processis used for th a&knowledgment of signals to sender

machine.



