EC8395-Communication Engineering Department of CSE

COMMUNICATION ENGINEERING-EC8395
UNIT I - ANALOG COMMUNICATION

Communication is the process of conveying or transferring of information from one point to another
point. Information can be image, text or any other data. Communication between any two points or places
requires a medium in between them. This medium can be wired or wireless medium. The information that needs
to be transmitted may not be in a form that is suitable for all medium. It needs to be processed. This processing
of raw information to convert it into a form that is suitable for a medium is called as modulation.

TYPES OF COMMUNICATION
Communication can be of two types- Analog & Digital

In Analog communication the transmit information is continuous in nature, whereas in digital communication
it is discrete in nature.

Source : Transmitter : Transmission : Receiver : Destination

Channel

Fig 1.1 Basic block diagram for communication System

Information from the source should be modulated before transmission to enable proper transmission of
information from transmitter to receiver. The process of modifying or changing any characteristics of any
signal is called modulation. Any signal has three characteristic they are

1. Amplitude

2. Frequency

3. Phase
MODULATION:

The process of changing any one of the characteristics of carrier signal with respect to information signal is
known as modulation.

/ B hnd BN

Information (or ) message Carrier Information + Carrier = modulated signal

Fig 1.2 Modulation
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TYPES OF MODULATION

Modulation is classified into two types they are, Analog modulation and Digital modulation. In
analog modulation both information and carrier signal are analog in nature, whereas in digital information signal
is digital but carrier signal is analog.

Modulation

Analog modulation Digital modulation

AM FM PM ASK FSK PSK QAM

AM (Amplitude modulation):

It is the process of changing the amplitude of high frequency carrier signal in accordance with
low frequency information signal. Here frequency and phase angle of carrier remains unchanged.

FM (Frequency modulation):

It is the process of changing the frequency of carrier signal accordance with amplitude of
information signal.

PM (Phase modulation):

It is the process of changing the phase of carrier signal accordance with amplitude of information
signal..

NEED FOR MODULATION

e Reduce height of antenna

e Transmit signal over a long distance
e Avoid noise and interference

e Multiplexing

Improve the signal to noise ratio

AMPLITUDE MODULATION

It is the process of changing the amplitude of a relatively high frequency carrier signal in proportion
with the instantaneous value of the modulating signal. AM is used for commercial broadcasting of audio and
video signals.

Applications of AM: 1. Two-way mobile radio, Audio and video broadcast
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The modulating signal is represented as, em(t) = Em Sinomt

The carrier signal is represented as, ec(t) = Ecsinoct

According to the definition, the amplitude of the carrier signal is changed after modulation.

Eam = Ec+ em(t) = Ect Em SinOmt~ --------—--—- (1)
=Ec [1+ (Em/Ec) Sin(Dmt ] ------------- (2)
Eav= Ec(1+ Ma SiN @mt ) -------------- (3)

Depth of Modulation/Modulation Index:

Coefficient of modulation and percent modulation:
If is defined as the ratio of maximum amplitude of the message signal to the maximum amplitude of the

carrier signal.

Em
Mg = —
Ec
Percent modulation is indicated as M
Em
M = x 100 or M=myx100
Ec

Relationship between m, Em & Ec

From the figure.

Fig 1.3 Relation Between Em and Ec
Em: Y (Emax' Emin)

EC =% (Emax + Emin)

Ya (Emax - Emin) Emax - Emin
M = x100 = —— x100
Ya (Emax + Emin) Emax + Emin
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Where ma= En/Ec Where ma is the modulation index (or) depth of modulation. The value Em must be
less than value of E. to avoid distortion in the modulated signal. Hence maximum value of ma will be
equal to 1. When my is expressed in percentage it is called percentage modulation.

But the instantaneous amplitude of modulated signal, i.e at any time
eam(t)=Eam sinost ~ —emmmemeee- 4)
Substitute equation (3) in (4)
eam(t) =Ec (1 + ma Sinomt)sinoct
= Ec sinoct + mg EC Sinomt sinmct
1 )

Expand the second term (sinmmt sinwct) according to ( SinASinB) formula, we get

eam(t) = E.sinw t + sz” cos(w, — wp)t — %E‘cos(wc + wp)t - (5)
= Carrier  + usB + LSB

Frequency spectrum and Bandwidth of AM Wave

A Eam(t)
Ec
A
LSB USB
) iininiaiaiaiaied Sttt
mE, mE,
2 2 -
0 f.—f (max [, f. + 1, (max)
___BW=2fn

e The figure shows the frequency s'f)lgc%r'lj‘rrlf g?tmﬁncy Spectrum of AM

e It extends from f. -f, (Mmax) to f; + fn (Max).

e The band of frequencies b/w f; and f; - fn (max) is called lower side band [LSB] and any frequency
within this band is called lower side frequency [LSF].

e The band of frequencies b/w f. and fc + fn (max) is called upper side band [USB] and any frequency

within this and is called upper side frequency [USF]

Bandwidth of AM.
The Bandwidth of Am wave is equal to the difference b/w the highest upper side frequency and
lowest lower side frequency.

B = fo + fn (max) — [fc - fm (Max)]
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fe + fm (Max) - fc + fm (Max)

BW

2fm (max)

AM Waveform

a) Message signal
b) Carrier signal

¢) Amplitude modulated signal.

el

Fig 1.5 AM Waveform
The shape of modulated waveform is known as AM envelope.

Phasor representation of AM

mV
Zae (USB)
wm \
M
Carrier
\\ A
i ECc™ 7
s Vawml(t)
0 Vs
/7
- a))ﬂ /
my.
Fig 1.6 AM Phasor Diagram 5 (LSB)

¢ Based on the modulation index modulation can be either,
(i). Critical Modulation
(ii). Over Modulation
(iii). Under Modulation

e When En = Ec modulation goes to 100% this situation is known as critical modulation.
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e En< E;

AM wave for m = 4

leads to under modulation.

AM wave for m = 0.5

e E. > E;leads to over modulation.

L?m:l-ho:u'ellun

iy,
Ul

Envelope of AM wave for m = 32
Fig 1.7 AM Types based on Modulation Index
AM POWER DISTRIBUTION

e The modulated wave contains three terms such as carrier wave, LSB, USB.
e The modulated wave contains more power than the unmodulated carrier.
Total Power in modulated wave will be,
Pt =Pc+Puss + PLss
i.e. total power P; of AM wave is the sum of carrier power and side band power.

Pc - Carrier power, Pusg- Upper Side Band power, Pisg - Lower Side Band power

The carrier power is

= (Ec/2)? Ec?
Pc = = =
R R 2R
The lower and upper sideband powers are same which is given by

(M Ed 242)2  mA%EQ&
Puss = Piss = =
R 8R

In terms of carrier power

(Ma Ed/ 22)? m?, Ec? m?a Pc
Puss = Prss = = =
R 8R 4
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Pt = Pc+ Puss + Puss
Ma ? Pe Ma 2Pc
Pt = P¢ + +
4 4
Ma 2
Po = P |1+
2

AM CURENT DISTRIBUTION

The equation of P:given by

m,
Pt s
- 2
Pc

Pt = |t2 R
Pe= IZR
M, 2
2= 12| 1+
2
M, 2
= Ic |1+
2
Where |;= Total(or)modulated current, Ic= Carrier current
Efficiency:
% n = Power in side band * 100
Total Power

= Prse+PLss =100
FTotaI

ma?
= —— *100
2+m, 2

Ifma=1 , Then %mn=33.33%

In this only one third of total power is carried by the sidebands and the rest two third is wasted.
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If the modulating signal contains two frequencies say fmi & fm2, the modulated wave will contain the
carrier and two sets of side frequencies. Spaced symmetrically about the carrier.

Vam (t) = sin 2x fct + % sin 27w (fc - fm) t - %4sin 21 (fo+ fn) t
+ Y%4sin 2m (fc- fm2) t - ¥2sin 2n (fo+ fm2) t

The coefficient of modulation or modulation index is given by
m = Vmi?+mp?

In general for n different signals mt = Vm + ma2 + . .. me2

Pusot = Pisst = Pomé /4

P: = P¢ (1+mt2 / 2)

Advantages, Disadvantages and Applications of AM (DSBFC)

Advantages

1.

2.
3.
4.

Simple and inexpensive receivers. Easy to detect with simple equipment even if the signal is not very
strong

Narrow bandwidth than FM

Wider coverage

Well-established, mature art used for broadcasting almost exclusively

Disadvantages

1.

Received signal affected by electrical storms and other radio frequency interference

2. Receivers able to reproduce frequencies up to 5 MHz or less
3. Inefficient use of transmitter power
Applications
1. Low quality form of modulation that is used for commercial broadcast of both audio and video signals
2. Two way mobile radio communications such as citizen band (CB) radio
3. Aircraft communication in the VHF frequency range

TYPES OF AM MODULATION Carrier

1. Double sideband with full carrier

L5E UsE

2. Double side without carrier | |

3.Single sideband with carrier

4. Single sideband without carrier |
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LSB USB

5. Vestigial sideband V—fg[

Advantages, Disadvantages and Applications of AM (DSBFC)

Advantages
1. Simple and inexpensive receivers. Easy to detect with simple equipment even if the signal is not

very strong.
2. Narrow bandwidth than FM
3. Wider coverage
4. Well-established, mature art used for broadcasting almost exclusively

Disadvantages
1. Received signal affected by electrical storms and other radio frequency interference
2. Receivers able to reproduce frequencies up to 5 MHz or less
3. Inefficient use of transmitter power

Applications
1. Low quality form of modulation that is used for commercial broadcast of both audio and video

signals
2. Two way mobile radio communications such as citizen band (CB) radio
3. Aircraft communication in the VHF frequency range

AM modulating Circuits
e Based on the location in the transmitter AM modulating circuits are classified as
a. Low level AM modulator
b. High level AM modulator

Difference b/w low level and High level AM mod.

Low level AM modulator High level AM modulator

Modulation takes place prior to the final stage | Modulation takes place in the final element of
of the transmitter final stage.

Less modulating signal power is required More modulating signal power is required.

GENERATION OF AM-DSBFEC (AM MODULATORYS)

The generation method of AM waves are broadly divided in to two types
e Linear modulator(or)large signal modulator(or)high level modulation
e Non Linear modulator(or)small signal modulator(or)low level modulation

LINEAR MODULATOR:
In this type of modulators the devices are operated in linear region of its transfer characteristics. Linear

modulators are also divided in to two types,
e Transistor modulator
e Switching modulator.
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NON LINEAR MODULATORS:
These modulators are operated in nonlinear region.These are used in low level modulation.
The types of non linear modulators are,
Square law modulator,
Product modulator,
Balanced modulator.
LOW LEVEL AM MODULATOR

e Class A amplifier can perform amplitude modulation.

e Amplifier must have 2 inputs one for the carrier signal & second for modulating signal.

e With no modulating signal present, the circuit operates as a linear class A amplifier, and the output is
simply the carrier amplified by the quiescent voltage gain .

e The carrier is applied the base and the modulating signal to the emitter. Hence it is also called as Emitter
Modulation.

e The modulating signal varies the gain of the amplifier at a sinusoidal rate equal to the frequency of the
modulating signal.

e The depth of modulation achieved is proportional to the amplitude of the modulating signal.

| | | [
i . . ' | Modulating signal |
Vg S ] | : : \ i
[ /-"""\\ |
Cuil:ctor '-Jallag:: I
Modulated 1 [
Yoo gutput . ] Ll. :: . !
| . :
oy T | |
. t——T
T= b wowa |
Cares Modulating ! r | i
. al signal |
o - ot f
| [
|
F—— . .I |
| | | '
- ._L_... B B NN S ——
im) Circuit diaaram of low level AM modulator (b) Waveforms

Fig 1.8 Low Level AM Modulator
e The voltage gain for an emitter modulator is expressed as,
Av = Aq (1 + msin 2nfmt)
Ay — Amplifier voltage gain with modulation.
Aq — Amplifier quiescent (without modulation) voltage gain.
sin 2nfmt varies from+ 1 to -1

Hence, Av = Aq(1£m)
AV max = 2Aq, when m = +0
AV min = 0, when m = -1

e The modulating signal drives the circuit into both saturation and cutoff, thus producing the nonlinear
amplification necessary for modulation to occur. The collector waveform includes the carrier and the upper
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and lower side frequencies as well as a component at the modulating signal frequency from the waveform,
thus producing a symmetrical AM envelop at Vout.

Advantages of Low level modulation:
1. Less modulating signal power is required to obtain high percentage modulation.
2. Modulating circuit is designed for low power.

Disadvantage of Low level modulation
Amplifiers following modulator stage must be linear. At high operating powers linear amplifiers are very
inefficient.

HIGH POWER AM MODULATOR / MEDIUM POWER AM MODULATOR

e The class C amplifier is used. It operates nonlinear and is capable of nonlinear mixing (modulation).
e This is known as collector modulator because modulating signal is applied to the collector.
e When the amplitude of the carrier exceeds the barrier potential (0.7V) Q1 turns on collector current

flows.
Modulating Vee
signal
— | Power { _ Vit
amplifier m
+
, RF bypass capacitor
Ve —]

Modulated
RF output

RF drive

Bias

1

Fig 1.9 High Power AM Modulator
e When carrier voltage drops below 0.7V Q1 turns off and collector current cases.
e The corresponding current and voltage waveforms are shown.
e When the modulating signal is applied it adds up with the Ecc and gets submitted from Ecc
producing an Am o/p.
Advantages of high level modulators;
e There is no constraint of linear operation on amplifiers preceding modulator stage.
e Power efficiency is good
Disadvantages of high level modulators:
e High modulating power is required.
e Final modulating signal amplifier has to supply all the sideband power.

AM TRANSMITTERS

Low Level AM Transmitter

e The block diagram of a typical AM transmitter is shown in which carrier source is a crystal oscillator.
The crystal oscillator is stabilized in order to maintain the carrier frequency deviation within a prescribed
limit.

2021-2022 Jeppiaar Institute of Technology
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The crystal oscillator is followed by a tuned buffer amplifier (class B) and drive amplifier.

Antanna
Audic Auidio Modulator
nput amplifier power
inp amplifier
Linear
Crystal Buffer Drriver r';ff ﬂ:ﬂ;‘:r class B Matching
ascllator amplifier amglifiar ™ tclapss c) ponaar natwork
amplifier

Fig 1.10 Low level AM Transmitter

The modulator circuit used is generally a class C power amplifier that is a collector modulator.

The audio signal is amplified by a chain of low level audio amplifiers and a power amplifier. This
amplifier is controlling the power being delivered to the final RF amplifier. Class B push pull amplifier
is usually used for this purpose.

The amplified modulating signal is applied to the modulator along with the carrier. AM wave is got at
the output of the modulator.

This AM signal is then amplified using a chain of linear amplifiers to raise its power level. Class B
amplifiers are used for this purpose. The linear power amplifier is used to avoid the distortion in the AM
wave.

The amplitude modulated signal is then transmitted using transmitting antenna. The matching network
matches the output impedance of the final amplifier to the transmission line and antenna.

Application of Low Level AM Transmitter: It is used in low capacity system such as wireless intercoms,

Remote control units, pagers, shot range talkie.

High Level AM Transmitter

Anlenna
Audio Audio Mzg“w’::m
input amplifier ampiifier
N
Crystal | | Buffer Driver ) h;ﬁ-.dpﬂ:ﬁgjrr . r?g}gg:l_lag
oscillator amplifier amplifier (class C) ratwark

Fig 1.11 High level AM Transmitter e

Here modulating signal power should be higher than the low level.
e The amplification takes place prior to modulation.

Application of High Level Transmitter: Used for long distance communications.

2021-2022 Jeppiaar Institute of Technology
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SQUARE LAW MODULATOR

>

The non linear portion of V-1 characteristics of diode is used as a element for non-linear modulators.

» This is suited at low voltage levels because of the fact that current-voltage characteristics of a diode is highly
nonlinearDiode currentparticularly in the low voltage region as shown in figure

>
>
>
>

Modulating

A
Diode Current

Diode Voltage

Fig 1.12 V-I characteristics of diode

A square law modulator has three features shown in figure.
Summer - To sum carrier and modulating signal

A non linear element

Band pass filter for extracting desired modulating products.

Nonlinear
device

mit)

|
v, (8) vy l't) “ R,

||

Fig 1.13 Square Law Modulator Modulated

A cos(2nf )

Tuned to f,

Signal

Non linear

devire

Carrier

Signal Fig 1.14 Components of Square Law Modulator

Principle of operation:

YV V VYV VVYV

From the figure the non linear device diode is used to produce low level amplitude modulation.

Here the carrier and modulating signals are applied across the diode.

A dc battery Ecc is connected across the diode to get a fixed operating point on the V-I characteristics
of the diode.

This amplitude modulation that is low level can be explained by considering the fact when two
different frequencies are passed through the non linear device.

So when we apply carrier and modulating frequencies different frequency terms appear at the output of
diode.

These different frequency terms are applied across the tuned circuit which is tuned to carrier frequency
and has a narrow bandwidth just to pass two sidebands along with the carrier and reject other
frequencies.

2021-2022 Jeppiaar Institute of Technology
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» So the output of the tuned circuit will be carrier and two sidebands that is amplitude modulated wave
is produced.

Mathematical analysis:
Let the modulating voltage will be
Em(t): Em Sin(Dmt ------------------- (1)

Let the carrier voltage will be
ec(t): Ecsinoct 0 e (2)

So the input voltage applied to the diode will be
ei(t) = emtec
= Em Sin(Dm t+ Ec Sin(,l)ct ........................... (3)

We know that the current and voltage relationship of a linear circuit is,
i=av
where i=current through linear device
v=voltage through the linear device
a=proportionality constant

» The current and voltage relationship of a nonlinear circuit may be expressed as,
i=a Vi1+b V12+C V13+ ----------
» This means that due to non-linearity in the V-I characteristics of a non-linear circuits, the current
becomes proportional not only to voltage but also to the square, cube and higher powers of voltage. So
i= aVitar Vi2+as Vi e 4)
Where ai, az, as are proportionality constants and V1is the input voltage applied to the diode or FET.
> Subegn (3) in (4)then
i= a1(Em Sinomt+ E¢ sinmct)+ a2(Em Sinom t+ E¢ Sinamg t)2+------------
= a1 Em sinomt+ a1 EC sinmct+ a2 EM? sinwm? t+ a2 EC? sino? t+
2aEmMEC sinomtsinwc t+---
Neglecting second and higher order terms, we get

i(t)= a1 Em sinomt+ a1 EC sinoct +a2EmEC sinomt sinoc t+---
= a; Em sinomt+ a1 EC sinoct +a2EmEC [cos(we-wm)t - cos(mctwmyt]

» The tuned circuit is tuned to the carrier frequency and it allows only w¢, ®ct®m, ®c-om terms and
eliminates all other terms.hence we obtain

i(t)= a1 Ec sinmc t +a2EmEC [coS(we-om)t - CoS(mctomt]

i(t)= a1 Ec sinoc t +a2EMEC cos(we-mmyt - a2EMEc cos(octomt ------- (5)

(carrier) (LSB) (USB)

> The
main drawback of using diode modulator is it does not provide amplification and a single diode is
unable to balance out the frequency completely. These limitations can be eliminated by using
amplifying devices like transistor, FET in a balanced mode.

» We can also use the square law modulator with FET instead of diode.

2021-2022 Jeppiaar Institute of Technology
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» From the final equation we know that it consists only the carrier and USB and LSB frequency
components and all the components are removed.

BALANCE MODULATOR METHOD

It is assumed that the two transistors are identical and the circuit is symmetrical. The operation is confined
in the nonlinear region of the active devices employed in this circuit. The carrier voltage across the upper
and lower part of the secondary windings of the center tap transformers are equal in magnitude and opposite
in phase.

W

e}

output voltage

|

> In this the carrier voltage across the two windings of a centre tap transformers are equal and
opposite in phase Vbe= -Vpe
> Input voltage to the transistor T1 is given by,
Vbe =ec(t)+ em(t)

Fig 1.15 Balanced Modulator

Vbe= Ec Sin(l)ct +Em Sin(l)mt --------- (1)

» Similarly Input voltage to the transistor T2,
V’he = -ec(t)+ em(t)

V’pe = - Ec Sinoct +Em SiNOWt e (2)
By using the non-linearity property the collector current can be written as per square law equation
ic=arVoe+ a2 Voe? +.ccoeee e 3)
i =arVibet+ta Ve +.oooee. e 4)
On substituting egn 1 and 2 in 3 and 4 we get,
ic = a1 [Ec Sinmct +Em sinom t]+ az [Ec sinwct +Em sinomt]?
ic= a1 [Ec Sinwc t +Em Sinom t]+ a:E% sinoc t+a:E%m sinom t+2a,Em Ec Sinom tsinmct ---(5)
i’c = a1 [-Ec sinwct +Em Sinom t]+ a2 [-Ec Sinoct +Em Sinom t]2
i’c = a1 [-Ec sinwct +Em Sinom t]+ a:E ¢ 2 sin“wc t+a2Em? sinom t-28:Em E. Sinwm tsinwc t---(6)

The output AM Voltage Vo is given by Vo =K [ic—ic’] = =eeceemeeeeeees (7)

2021-2022 Jeppiaar Institute of Technology
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since i¢, i’c flows in the opposite direction and ‘K’ is a constant depending on impedance or other circuit
parameters.

On substituting equation 5 and 6 in 7 we get,
Vo: K[ic—ic’]
Eo = K [2 a1 Ec Sinoct + 482 Em Ec Sinomt Sinmct]

= 2KEc a1 Sinmct [1 + 2 &2 EmSinomt ]
ai

= 2KEc a1 Sinc)ct[l + ma Sinoamt]

where my = 2 a2 Em is the modulation index
al
This equation represents the output modulated voltage which contains carrier and side band

terms but no modulating terms. Thus this circuit is used as AM modulator. The advantage of this circuit is that
the undesired harmonics are automatically balanced out and hence there is no need for separate filter.

DEMODULATION/DETECTION OF AM-DSBFC (AM DEMODULATORYS)

» Demodulation or detection is nothing but the process of extracting a modulating or information signal
from modulated signal. Otherwise in other words, demodulation or detection is the process by which
the message is recovered from the modulated signal at receiver.

» The devices used for demodulation or detection are called as demodulators or detector

» For amplitude modulation, the detectors or demodulators are categorized are

Square law detectors or nonlinear detectors
Linear detectors
» The low level modulated signals are using non linear detectors to recover the original message signal

SQUARE LAW DETECTOR

The square law detector circuit is used for detecting low level modulated signal.

Here the diode is used in V — | characteristics of the device i.e. non linear characteristics of the diode.
The square law detector is similar to the square law modulator. The only difference lies in the filter
circuit.

In square law modulator we are using band pass filters, in square law detector; a low pass filter is used.
The operation is limited to the non-linear region of the diode characteristics, so the lower half portion
of the modulated waveform is compressed.

» This produces the envelope distortion, so the average value of the diode — current is no longer constant
and varies with time. The average diode current consists of steady DC component and time varying
modulation frequency. Due to nonlinear region the lower half of its current wave form is compressed.
This may cause envelope distortion due to this diode current will not be constant, and varies with time.

>
>
>
>

2021-2022 Jeppiaar Institute of Technology
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}
2

Fig 1.16 Square Law Detector

The distorted output diode current is expressed by the non-linear V-1 relationship (i.e. square law) is,

i0=81 €aM + @2 €AM 2 memmmmmmmmeeeeeeeeeeees (1)

where eam =i/p modulated signal.
» The equation of AM wave is
eam = EC (1 + My Sinomt) SiNmct  =--=-======mmmmmmm e (2)
On substituting equation 2 in 1 we get
io= a1 Ec (1 + m, sinwmt) sinmct]+az[Ec (1 + ma sinomt) sinoct 12
i 0= a1 Ec sinoct + a1 ma Ec sinoct sinomt + a2 Ec? sinmct (1 + mMa Sinomt)?

= a1 Ec sinoct + a1 ma EC sinoct sinomt + a2 EC? sinoct(1 + Ma? Sin® omt + 2 MaSinomt )

= a1 Ec sinoct + a1 My EC sinoct sinomt + a2 EC? (1 + ma? Sin? omt + 2 MaSinomt ) [ 1-cos2oct ]

2
= a1 Ec sinwct + a1 Ma EC sinct Sinomt + a2 EC? - a, Ec? cos2m¢t + a2 EC? m,? sin omt +
2 2 2
- ap Ec® mg? sin® omt cos2o¢t + a2 EC? mesinomt - a2 EC2 maSinomt cos2oct
2

The carrier term is filtered by using a low pass filter and high frequency term are also reduced then,
i0= a2 EC?> masinomt

So the final output contains a signal with modulating frequency. Hence original signal is recovered.

ENVELOPE DETECTOR

» A detector circuit whose output follows the envelope of the modulated signal which is used to
reproduce the modulating or message signal is called as “Envelope Detector”.

» This is most popular commercial receiver circuits since it is very simple and not expensive, and also it
gives satisfactory performance.An envelope detector of the series type is shown in Figure which
consists of a diode and a resistor capacitor filter a time constant network.

2021-2022 Jeppiaar Institute of Technology
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Principle Of Operation: ol

{b) Current pulses through diode D

Fig 1.17 Envelope Detector ot R/

>

YV WV V VYV

(c) Demodulating Signal

Modulated signal is applied to the series combination of diode and the load impedance consisting of a
resistor R and C.

Operation takes place over the linear region of VI characteristics of Diode.

For positive cycle of carrier signal the diode D conducts thereby the capacitor charges to the peak
voltage with the time constant T =R C of the carrier signal through the resistor R.

As the input falls below the peak value, the diode reaches cut-ff. The diode acts as open switch and
hence the capacitor gets discharge path through R.

During negative half cycle the diode is reverse biased and the carrier voltage is disconnected from the
RC circuit. So the capacitor discharges continuously until next positive cycle appears.

From the peak of one positive cycle to the next the capacitor discharges slowly and this process
continues. Thus the voltage across ‘C’ is same as the envelope of the modulated carrier but spikes are
introduced. So the output voltage across capacitor is a spiky modulating or base band signal. So the
envelope is detected at the output of capacitor. Thus from the average value the original signal is
recovered by extracting the envelope.

The spikes can be reduced to a negligible amount by keeping the time constant RC large so that the
capacitor C discharges negligible amount.

CHOICE OF TIME CONSTANT RC

Large (or) small value of time constant makes problem. So time constant is important consideration.
If time constant RC is quite low: Discharge curve during non conductive period is almost
vertical, so fluctuations may occur in output voltage. This results in Diagonal clipping
If RC is very large: Discharge curve is almost horizontal, so several peaks will be missed in the
rectified output voltage. This results in negative peak clipping.
Distortion in diode detector:
There are two clippings i.e. distortions available
Negative peak clipping
Diagonal clipping.

Diagonal clipping:

It results when time constant of detector is not selected properly. If the modulating
voltage is faster than the rate of voltage fall across RC combination resulting in distorted output. This
type of distortion is called diagonal clipping which results in distorted output.

2021-2022 Jeppiaar Institute of Technology
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A

v

N

Fig 1.18 Diagonal Clipping

» To avoid the diagonal clipping proper value of RC needs to be selected. The voltage across RC

combination during the non-conducting period of diode is V¢ at an instant t which is given by
t

V. (t)=V,e fe

The rate of slope in capacitor due to period discharging is calculated by differentiating Vc(t) So
t
dVe(t) dVe -Ve "o -V (t) n
4 - d - RC - Re
The decrease in capacitor voltage must follow the modulation envelope if distortion is to be avoided.
The envelope of the modulated voltage is given by
ey = Ec(l+m, coswm,t)

The slope of the envelope is given by

dz% = %[EC (1+m, cosw,t)]
=-mE.o,sihw,t = s (2)

To avoid the clipping the slope of capacitor voltage V¢ should be algebraically equal or less than the
slope of envelope voltage, so

—VC—(t) <-E.m, o, sin o,t

RC

VC—(t) > E.m, o, sin o,t

RC
E.(1+m, cosm,t)

RC
Mathematically the above equation is written as
1 m,o,, sin o, t
>
RC ~(l+m,cosm,t) e (3)

> E.m, o, sin o,t

To find the maximum amount of RC differentiate the equation 3 and equate it to zero
d m,e,sino,t
hall =0
dt (1+m, cosa,, )

(1+m, cosm, t)cosm, tw,—sin o, t( m, (-sin o, t)o,

=0
(L+m, cosw,t)

aa)m

©mCOS Omt + (Ma COS?Omt)om + (Ma SiN@mt)wom=0

2021-2022 Jeppiaar Institute of Technology
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©®mCOS ®mt + Ma ®m (COS?omt+ Sinomt)=0

®m COS (Dmt + My Om :O

COSOMt=-Ma e (4)
on substituting the value of cosmmt in cos?omt+ sinomt =1 we get sinomt = \/ﬁaT ----- (5)
1 RUACH v1-ma2
substituting equation 4 and 5 in 3we get RC 1-m?
1-m?
By simplifying RC > z
m, o,

So RC depends on the m, value. So the RC to be selected by satisfying the condition in order to avoid
distortion and the modulation index value should be correct, if it is large then it will provide negative
peak clipping. So the envelope detector will be changed for smooth functioning by attaching a =
section low pass filter at the output.

Neqgative peak clipping:

> The 2" source of distortion in linear diode detector is the curvatures of the diode characteristics. So as
a result the efficiency varies. It will be reduced by selecting load resistance value large. So when Rc is
large then m, will be low and signal becomes clipped at the negative peaks.

» The negative peak clipping provides ac and dc load impedances unequal.

DOUBLE SIDEBAND SUPPRESSED CARRIER (DSBSC) MODULATION

In AM with carrier scheme, there is wastage in both transmitted power and bandwidth. In order to save
the power in amplitude modulation the carrier is suppressed because it does not contain any useful information.
This scheme is called as the double side band suppressed carrier amplitude Modulation (DSB-SC). It contains
LSB and USB terms, resulting in a transmission bandwidth that is twice the bandwidth of the message signal.

Let us consider the message and carrier signal as,
em(t) = Em sin Omt ------------ (l)
ec(t) = Ec sin oct ------------- (2

For obtaining the DSB-SC wave multiply both carrier signal and message signal hence,
e(t)ose-sc = em(t).ec(t)
=Em.Ec sinomt sinoct
e(t)oss-sc=Em.Ec [ cos(wc¢ - om)t - cos(mwc + mm )]
2
USB LSB
From this equation we know that the carrier is suppressed in double side band suppressed carrier.

Graphical Representation of DSB-SC AM:

2021-2022 Jeppiaar Institute of Technology
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m(t)

0.25
(a) 0 \_/_\l—’

I
I
s(t) l
I
I

(b)

0'25\7\’{\(\ MA AT AN AR
\'UU UW-WWVWUWUH

point of carrier phase reversal

Fig 1.19 (a) Baseband signal (b) DSBSC
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Fig 1.20 Frequency Spectrum of DSB-SC AM
It shows that carrier term ¢ is suppressed. It contains only two sideband terms having frequency (®¢ - ®m)
and (wc+ om). Hence this scheme is called as DSB-SC AM.

Phasor representation of DSB-SC AM:

a)m \
N
. N
Carrier N
. > 3 A
Ve 7
s Vs
0 Ve
7
—o 4

P
mﬂz c (Lb?@
Fig 1.21 Phasor Diagram of DSB-SC AM
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The total power transmitted in AM is
Pt =Pcarrier +PLss +Puss

If the carrier is suppressed , then the total power transmitted is
P = PLss+Puss

We know that, PLsg=Puss= ma?Ec?

8R
PP =ma?Ec® + ma?Ec?
8R 8R
= ma 2 Ec? =ma?Pc
4R 2

Therefore the power saving with respect to AM is

Power Saving =Pt - P x 100
Pt

= [1+ma?/2]Pc - [ma?/2] Pc

[1+ ma2/ 2] Pc

[1+ma2/ 2] Pc

% Power Saving= 2 x 100
2+ m,?

If ma =1, then power saving  (2/3) x 100 = 66.7 %
i.e 66.7% of power is saved by using DSB-SC-AM.

Advantages

Department of CSE

DSB-SC is more efficient in transmitted power as compared to DSB-FC.
DSB-FC hs better signal to noise ratio as compared to SSB transmission.

Disadvantages

Bandwidth remains same as DSB-FC even though the carrier is suppressed.

GENERATION OF AM-DSBSC

1. Balanced Modulator Method
2. Ring Modulator Method

BALANCE MODULATOR METHOD

» The same circuit can be used to generate AM with carrier. The main difference between AM with

2021-2022
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carrier generation and DSB-SC —AM is the feeding points of the carrier and modulating signals are
interchanged.

» The transistor is operated in a balanced mode thus heavy filtering is not required to remove the
unwanted harmonics.

» It is assumed that the two transistors are identical and the circuit is symmetrical. The operation is
confined in the nonlinear region of the active devices employed in this circuit. The carrier voltages
across the upper and lower part of the secondary windings of the center tap transformers are equal in

magnitude and opposite in phase.

i

+ AN

= | Vl\-. .

= I l 98
Vi =10 = ! = 1""II;:-

%‘I% T l_ﬁg-m-':'—] = _.'_—" Catput, vaoltag

‘1' & gy
¥

Fig 1.22 Balanced Modulator for DSB-SC AM Generation

Principle of operation:

» The modulating signal is applied as the input to the transistor T1 and T and the carrier signal is
applied to the common input of the push pull amplifier configuration. Because of centre tap
transformers are equal and opposite in phase Vm= -V’

> Input to the transistor T1 is given by,

Vbe = em(t)+ ec(t)
Vbe= Em Sin(l)mt +E¢ Sin(l)ct """"""""""""""" (1)

» Similarly Input to the transistor T2,

V,be =- em(t)'l' ec(t)

V’be = - EmSinomt +Ec Sinoct e (2)

By using the non-linearity property the collector current can be written as per square law equation
ic =a1 Vee + 2 Vbe2 + ... e (3)
'c=a1 Vet a \/’be2 o T et e L L e P L E (4)

On substituting eqn 3 and 4 in 1 and 2 we get

ic = a1 [Em Sinomt +Ec sinwc t]+ a2 [Em Sinomt +Ec sinwoct]?

ic= a1 [Em Sinomt +E sinoc t]+ a2E2m sinom t+azE. sinwc t+2a2Em Ec sinom tsinmc t------- (5)
Similarly

ic = a1 [-Em Sinomt +E¢ sinmct]+ a2 [-Em sinomt +Ec sinwoct]?

ic= a1 [-Em Sinomt +Ec sinoc t]+ a2E%m sin“om t+a;,E cos’wct - 282Em Ec sinom tsinwg t------------ (6)
The output AM voltage Vo is given by Vo = K[ ic—ic] = —eceeeeeeeeeee- (7)
2021-2022 Jeppiaar Institute of Technology
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Because i, i’c flows in the opposite direction and °K’is a constant depending on impedance or other circuit
parameters.

On substituting equation 5 and 6 in 7 we get,
Vo = K[ Ic — i’c]
Vo = K [2a1 Em sinomt + 4a2 Em Ec Sinomt sinwct]

The output contains the original modulating signal and the two sidebands. The modulating signal has been
suppressed by tuning the tank circuit to the center frequency =+

Vo = 4Kaz Em Ec sinomt sinmct
= 2Kaz Em Ec[ cos(wc - om)t - cos(wc+ om)t]

» So only the side bands are present in the o/p. Hence the DSB-SC-AM generated.
» The main advantage of this modulator is saving power and efficiency because of the suppressing of
the carrier.

RING MODULATOR METHOD

» The balanced Ring modulator circuit is widely used in carrier telephony suppresses both unwanted
modulating and carrier signal in its output.

» Ring modulator is a type of product modulator which is used to generate DSB-SC Signal.

» The band pass filter is not used at the output hence the harmonic frequencies are automatically
controlled.

» Inaring modulator circuit four diode are connected in the form of ring in which all the four diodes

are connected in the same manner and are controlled by a square wave carrier signal

€c (t)

The carrier signal acts as a switching signal to alternate the polarity of the modulating signal at the

carrier frequency.

» When no modulating signal is present diode D1 and D2 or Dz and D4 will conduct depending upon
polarity of the carrier.

Y

POSITIVE HALF CYCLE OF CARRIER:

» Diodes D: and Dz are forward biased. At this time D, and D, are reverse biased and act like open
circuits. The current divides equally in the upper and lower portion of the primary winding T2.

» The current in the upper part of the winding produces a magnetic field that is equal and opposite to the
magnetic field produced by the current in the lower half of the secondary.

» Therefore the magnetic fields cancel each other out and no output is induced in the secondary. Thus
the carrier is effectively suppressed.

NEGATIVE HALF CYCLE OF CARRIER:

> When the polarity of the carrier reverses. Diodes D; and D are reverse biased and the diodes D3 and
D4 will conduct. Again the current flows in the secondary winding of T1 and the primary winding of
T2.

» The equal and opposite magnetic fields produced in T2 cancel each other and thus result in zero carrier
output. The carrier is effectively balanced out.

2021-2022 Jeppiaar Institute of Technology
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PRINCIPLE OF OPERATION

» When both the carrier and the modulating signals are present, during positive half cycle of the carrier
diodes D; and D> conduct, while diodes Dz and D4 does not conduct.
» During negative half cycle of the carrier voltage diodes D3 and D4 conduct and Dy and D2 does not
conduct.
» When polarity of the modulating signal changes the result is a 180 phase reversal. At the time
D3 and D are in forward bias.
Let us consider the modulating voltage,
Em(t) =En SinO)mt """""""""" (1)
3c(t) = Ec sin ot e (2)
The output voltage is Vo(t) = em(t).ec(t)
=Em.Ec Sin®m tSin(Dct
Vo(t) :Emig [ COS((DC - Mm )t - COS((DC + Om )t] """"""""" (3)
2
LSB USB
The equation 3 shows that the o/p is free from the carrier and other higher order terms and it contains upper and
lower sidebands only. The ring modulator circuit is also known as double balanced modulator because it is
balanced with respect to both the baseband signal and the square wave carrier. The main advantage is the o/p is
stable and long life, no external source to activate the diodes.

Circuit diagram: [VMWV\A}%OU

TZ
hModulating
signal

(@) Coivians

g outpur Pl ¥

g

(0) Moduating signal
D, and D, conduct

P 9] 1\

D, and D, conduct 2, and D, conduct

(v} ODO aegral - poimary T,

(=) Equivalent circuit of balanced modulator ]
showing positive half cycle of carrier Plase

(b} Equivalent circuit of balanced modulator roversal
showing megative half cycle of carrier

Fig 1.23 Ring Modulator and Waveform
DEMODULATION/DETECTION OF AM-DSBSC

Coherent Detector
Non Coherent Detector

SYNCHRONOUS OR COHERENT DETECTOR

The coherent detector uses exact carrier synchronization for retrieving the message signal from
modulated signal. These types of detectors are mainly used for detecting DSB&SSB signals.

2021-2022 Jeppiaar Institute of Technology
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> It consists of a product modulator with a low pass filter.
> For detecting signal local oscillator at the receiver end is required. The frequency and phase of the

locally generated carrier and transmitter carrier must be synchronized that is exactly coherent.

» All types of linear modulation can be detected by using synchronous detector. It consists of a product
modulator with LPF.

Vi [nonimear| [ Lowpase |
e aal 1 -line v pass |Demodulated
Inc,_o.nm_gl_ 1 Non Il.n.ar ~ Low pas |Demogt
signal device output | signal

v
Carrier signal
Fig 1.24 Coherent Detector
» The incoming signal is first multiplied with locally generated carrier and then passed through low pass
filter. The filter bandwidth is same as the message bandwidth om
» Tthe local oscillator should be exactly synchronized with carrier signal in both phase and velocity.
» Considering the case of DSB-SC signal, the signal I/p is

e1(t)= Em.Ec sinomt sinmct
ex(t)=E sinoct

The output of the non linear device which acts as a multiplying device is given by
e(t)= ex(t). e2(t)= Em.Ec E sinomt sinoct

e(t)= Em.Ec Esinomt [ 1-cos2mct }
2
After passing through the LPF the second order harmonic term is eliminated.

e(t)= Em.Ec Esinomt
2
Assume the local oscillator carrier to have a phase difference with the transmitted carrier. The carrier is
represented by

ex(t)=Esin( oct + ¢ )

The output of the non linear device is given by
e(t)=ei(t). e2(t)= Em.EC E sinomt sinmct sin (oct + @)

= Em.Ec E sinomt sinmct [ sinmctcose + coswctsing ]

=Em.E. E sinomt sin? wct cosg + Em.EcE sinomt sin wct €os oct sing

=Em.Ec E sinomt cosp  [1-c0S2mct J+ Em.Ec E sinomt sin ¢t cos oct sing
2

=Em.Ec E sinomt cos@ - Em.EcE sinomt cos@cos2mct + Em.Ec E Sinmmt Sin ot €OS oct sing
2 2

After passing through the LPF the second order harmonic term is eliminated.

e(t)= Em.Ec Esinomt coso
2
If @ = 0 then e(t) is maximum e(t) = En.Ec Esinomt

2021-2022 Jeppiaar Institute of Technology
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If @ =90 then e(t) is minimum e(t) =0

The demodulated signal Vo(t) is therefore proportional to the message signal when the phase error, ¢ =
0 and it is minimum (zero) when ¢ = i%- Thus the phase error ¢ in the local oscillator causes the

detector output to be attenuated by a factor equal to cosg. As long as the phase error is constant, the
detector provides an undistorted version of the original baseband signal.

COSTAS PLL DETECTOR

I-channel Output
.| Product .| LPF R
"| modulator g "
yy v
DSB-SC v VCo P Phase
90° phase - discriminator
shifter A
A 4
.| Product | LPF
"| modulator - Q-channel

Fig 1.25 Costas PLL Detector

Costas receiver is one of the method for obtaining a practical synchronous receiver suitable for
demodulating DSB-SC waves. It consists of two coherent detectors supplied with the same input signal.
One detector is supplied with the DSB-SC AM and locally generated carrier which is in phase with the
transmitted carrier. This detector is known as “In-phase coherent detector or I channel”.

The other detector is supplied with the DSB-SC AM and locally generated carrier which is quadrature
phase with the transmitted carrier. This detector is known as “Quadrature coherent detector or Q
channel”.

These two detectors are coupled together to form a negative feedback system designed in such a way as
to maintain the local oscillator synchronous with the carrier wave.

Operation of the circuit:

In this case | channel output contains the desired demodulated signal where as Q channel output is zero
due to the quadrature null effect of Q channel.

Suppose there is some phase shift ¢ radians between local oscillator carrier and the transmitting carrier
then I channel output will remain essentially unchanged. But Q channel output contains some signal
which is proportional to sin ¢

This Q channel output will have same polarity as the | channel output for one direction of local oscillator
whereas the polarity will be opposite to the I channel for the other direction of phase shift.

Thus the I and Q channel outputs are combined in phase discriminator

The phase discriminator provides a d.c. control signal which may be used to correct local oscillator
phase error.

The local oscillator is a voltage controlled oscillator. Its frequency can be adjusted by an error control
d.c signal.

The costas receiver ceases phase control when there is no modulation and that phase lock has to be re-
established with reappearance of modulation.

2021-2022 Jeppiaar Institute of Technology
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SINGLE SIDEBAND SUPPRESSED CARRIER

In AM with carrier both the transmitting power and bandwidth is wasted. Hence the DSB-SC AM
scheme has been introduced in which power is saved by suppressing the carrier component but the
bandwidth remains same.

e Increase in the saving of power is possible by eliminating one sideband in addition to the carrier
component because the USB and LSB are uniquely related by symmetry about the carrier frequency. So
either one sideband is enough for transmitting as well as recovering the useful message. The block
diagram of SSB-SC AM is shown in figure.

e As for as transmission information is concerned only one side band is necessary. So if the carrier and
one of the two sidebands are suppressed at the transmitter, no information is lost.

e This type of modulation is called as single side band suppressed carrier-AM and the SSB system reduces
the band width by half.

Block diagram of SSB-SC AM is shown in figure.

®=90° el | Am
em(t) ®=90°
ec(t) > SSB-SC
AM
AM
e2

Fig 1.26 SSB-SC AM Modulator
e The single side band suppressed carrier can be obtained as follows,

e Inorder to suppress one of the sideband, the input signal fed to the modulatorl is 90° out of phase
with that of the signal fed to the modulator’2’.
Let e1(t) = Em cosomt .Ec cOS wct
e2 (t) = Em sinomt .Ec Sinmct
Therefore, e(t) sse = ei(t) + ex(t)
= Em Ec [cOSomt. COSmct + Sin mmt. Sinwct]
E(t)SSB = Em Ec CcOoS ((Dc‘ (Dm) t.
We know that for DSB-SC AM
epse-sc (t) = Em Ec [cos(wc +om )t + coS(wc- mm)t]
2
When comparing equations of e(t) ssg.sc and epsg.sc (t) , one of the sideband is suppressed. Hence this scheme
is known as SSB-SC AM.
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Flg 1.27 Frequency Spectrum Of SSB-SC-AM:

e The Frequency spectrum shows that only one side band signal is present , the carrier and the other
sideband signal are suppressed. Thus the bandwidth required reduces from 2 wmto om i.e., bandwidth
requirement is reduced to half compared to AM & DSB-SC signals.

Phasor representation of SSB-SC-AM:

USB
LN Resultant
ec(t) \*

carrier LSB\Q~ eam(t)

Power calculation: Fig 1.28 Phasor diagram of SSB-SC AM

Power in sidebands P’ =P (sg = P uss = Ma2V2/8R = ma? Pc/ 4
Power saving with respect to AM with carrier
Power saving = Py - P’x100

Pt

where Py = Total power transmitted.

Power saving = [ 1+ ma?/ 2] Pc - [ma?/ 4] Pc =  Pc+[ma2/2] Pc - [ma?/ 4] Pc

[1+ ma2/ 2] Pc [1+ ma2/ 2] Pc
2
m

a

4_ %100
m

a

2
4+m°

a

= —4 100
2+m,

2
_ 4+m,’
4+2m.°

If ma=1 then %power saving= (5/6) x100=83.3%
So we can save 83.3% of power with respect to AM with carrier.

1+

1+

x100
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We can also find the power in SSB-SC-AM with respect to AM with DSB-SC system,

powersaving = pt; %100
t

__ 2 4 100

If ma=1 then %power saving=50%.therefore 50%power is saved with respect to DSB-SC System.

Applications of SSB
1. Used to save applications where such a power saving is warranted, i.e., in mobile system, in which

weight and power consumption must naturally be kept low.
2. Single sideband modulation is at a premium. Point-to-Point communication, land, air, maritime mobile
communication, TV, Telemetry, Military and Radio navigation are the greatest use of SSB in one form

or another.

SSB Advantages
Power conservation: Much less total transmitted power required to produce the same quality signal.

Bandwidth conservation: Half of the bandwidth of conventional AM bandwidth.

Selective Fading: Not present in SSBSC.
Noise Reduction: Since SSB uses half the bandwidth, the thermal noise power is reduced to half.

Hence immunity to selective fading is improved.

SSB Disadvantages
e Complex Receivers: Required carrier recovery and synchronization circuit adds cost, complexity and

size.
e Tuning Difficulties: Complex and Expensive Tuning Circuits.

GENERATION OF SSB

1. Filter Method
2. Phase Shift Method
3. Modified Phase Shift Method or Weaver Method

FILTER METHOD

Crystal
oscillator
SSB out to
linear ernpliﬁom:

Balanced Sideband Balanced

suppression

modulator mixer

1 Buffer

filter

T ;
! i
i ' :
; Fit : C 1
) . ' ilter P rysta
AF ino— ! Audio B for other -+ | oscillator or
amplifier > £
sideband synthesizer

Fig 1.29 Filter Method of SSB Generation

In this method of SSB generation, after the BM, the unwanted sideband is removed (actually heavily
attenuated) by a filter and hence this name. The filter may be LC, ceramic or mechanical depending upon
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the carrier frequency and other requirements. Such a filter must have a flat bandpass and extremely high
attenuation outside the passband.

In radio communication system, the frequency range used for voice is 300 Hz to about 2800 Hz in most
cases. If it is required to suppress the lower sideband and if the transmitting frequency is fc, then the lowest
frequency that this filter must pass without attenuation is fc-+300 Hz whereas the highest frequency that
must be fully attenuated is f.-300 Hz. So we need a filter whose transition band is very low. This situation
becomes worse if lower modulating frequencies are employed, such as the 50 Hz minimum in AM
broadcasting. In order to obtain a filter response curve with skirts as steep the ‘Q’ of the tuned circuits must
be very high.

The initial modulation takes place in the balanced modulator at a low frequency (such as 100 kHz)
because of the difficulty of making adequate filters at higher frequencies. The filter is a BPF with a sharp
cutoff frequency at either side of the bandpass to obtain satisfactory adjacent sideband rejection. The
filtered signal is up-converted in a mixer to the final transmitter frequency and then amplified before being
coupled to the antenna. The integrated ceramic filters are used as sideband filters. The drawback of filter
method is that it requires sharp filtering, which requires filters with high Q. Primary modulation cannot be
done at the transmitting frequency which is another drawback of the filter method.

PHASE SHIFT METHOD

» This method avoids the prime disadvantage of filtering method. That is requirement of a sideband
filter with a narrow transition band and it cannot be used for very low and very high frequencies.

» This method does not have any sideband filters and the primary modulation can be done at the
transmitting frequency. The unwanted sideband can be removed by generating the components of
sideband out of phase.

» If the undesired sideband is LSB then the two LSB are generated such that they are 180 out of phase
with each other. So that USB add with each other and LSB cancel each other. When two undesired
sideband components are added they cancel each other with only the presence of desired signal.

» Two balanced modulators and two phase shifters are used. One of the modulator BBM1 receives the
carrier voltage shifted by 90° and the modulating voltage, where as another balanced modulator BBM2
receives the modulating voltage shifted by 90°and the carrier voltage.

» The carrier signal is cancelled out by both the balanced modulator and then unwanted sidebands cancel
at the output of the summing amplifiers and hence produces SSB signal.

»| Balanced V1
Modulating signal Modulator
BM1
Audio T
— amplifier > v
0
Carrier 90 Adder 58
Phase >
Carrier shifter
Signal 4li 3
AF 900 Balanced
» Phase Modulator "
shifter BM2
Fig 1.30 Phase shift Method
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Mathematical analysis:

For modulatorl (BM1)

ec(t) = Ec sin(wct+90°%) = E¢ cosmct
em(t): Em SinO)mt

For modulator2(BM2)
8c(t) = Ec SinO)ct
em(t)= Em sin(omt+ 900) = Em cOSomt

Output for modulator(BM1)isV1
V1=E. coswct Em Sinomt

Output for modulator(BM2)isV>
V2=Ec Sin(l)c 1. Em cosomt

The output of adder is

Vo=Vi1+ V2

Department of CSE

Vo= Ec Em cosmct sinomt + ECc Em sinmc tcosomt

=Ec Em sin(w¢ + om)t

Thus one of the side band is cancelled where as the other is reinforced. This method avoids the use of filters.

MODIFIED PHASE SHIFT METHOD (OR) WEAVER’S METHOD

» The modified phase shift method overcomes the limitation of phase shift method. That is AF phase
shift network is required to operate over a large range of audio frequencies but also retains the
advantage like its ability to generate SSB at any frequency and use of low audio frequency.

» This method provides both RF and AF oscillator phase shift and also used in low frequency and so it
can be used for both audio and radio frequencies.

el e3 e5
BM (1) LPF BM (3)
7y 1 7'y
) RF carrier >
AFi/ 90’ sino | go° y SSB-SC-AM
Oscillator t
—> phase phase Adder
) ) —>
. shifter shifter c
2EOSIn(00t X AF carrier
< oscillator
A4 A 4
BM (2) | LPF .| BM(4)
e2 (1) e e6

Fig 1.31 Modified Phase shift Method
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WEAVER’S METHOD

» Modulators 1 and 2 both have the unshifted modulating signal as inputs. BM1 takes low frequency
subcarrier with a 90 phase shift from the AF oscillator. BM2 receives the subcarrier signal directly
from the oscillator.

» This method tries to aEoid the phase shift of audio frequencies and combine the audio frequency
carrier with AF which lies in the middle of audio frequency.

» The low pass filter at the output of BM1 and BM2 with cut off frequency ensures the input to the
balance modulator BM3 and BM4. The output of BM3 and BM4 gives the desired sideband
suppression.

MATHEMATICAL ANALYSIS

The modulating signal is em=Emsinomt ~ ---mmee 1)
The A.F carrier(sub carrier signal) eo(t) = 2Eo Ssinmpt ~ ---—----- (2)
The R.F carrier ec(t)= 2Ec sinoct ~ -mmmmeee- 3)

The input for Balanced modulator 1(BM1) is
em(t)= Em sinomt
eo(t) = 2Eo sin (oot +90°)

The output for Balanced modulator 1(BM1) is
el = Em sinomt 2Eo sin (wot +90°)
= Em Eo [ cos(wot+90° - omt) - cos(wot+90%+ comt)] -------- (4)
The input for Balanced modulator 2(BM2) is
em(t)= Em sinomt
eo(t) = 2Eo sinmo t
The output for Balanced modulator 2(BM2) is
e2 = Em sinomt 2Eo Sinwot
=EmEo[ cos(mwot- wmt) - cos(wot+ omt)]  ----m--- (5)
The LPF1, 2 eliminates the upper sidebands of the modulator. Hence USB is suppressed
The Output of LPF1 is €3= Em Eo [ cos(wot+90%- omt) ~ ==-mmmmmmm- (6)
The Output of LPF2 is e4= Em Egcos(mot- omt) ~ =mmemmmmmee (7
The output of LPF1, 2 are given to BM3,BM4.

The input for Balanced modulator 3(BM3) is
e3= Em Eo [ cos(wot+90° - wmt)
ec(t) = 2Ec sinoct

The output for Balanced modulator 3(BM3) is
e5 = 2Em Eo Ec cos(wot+90°%- mmt ) sinmct

Assume Em =Eg =Ec=1,then
e5= 2¢0s(wot+90% omt ) sinwct
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=sin[(oc+ wo— om)t +90° + sin[(wc - wo+ ®m)t - 90°] -=----=------ (8)

The input for Balanced modulator 4(BM4) is
ed=Em Eocos(mwot- mmt)
ec(t) = 2Ec sin (wct+90°)

The output for Balanced modulator 4(BM4) is
e6 = Em Eo cos(wot - mmt) 2EC sin (¢ t+90°)
Assume Em =Eo =Ec=1,then
e6 = 2 cos(wot - wmt) sin (o t+90°)
= sin[(oc+ mo— om)t +90°] + sin[(wc - 0o+ om)t + 90°] ------------ 9)
The output of adder is e ssg-sc(t) =e5 + €6
= sin[(mc+ wo— ®m)t +90°] + sin[(cwc - wo+ om)t - 90°] +
sin[(oc + 0o— wm)t +90°] + sin[(wc- 0o+ om)t + 90°]

=2 sin[(wo+ c— ®m)t+90°]

The other two terms cancel with each other because it is out of phase.
esse-sc (t) = 2cos[(®o+ ®c— om)]t

The final RF output frequency is o + @c— @mWhich is essentially the lower side band of RF carrier

o+ 0.

DEMODULATION/DETECTION OF AM-SSBSC

SYNCHRONOUS OR COHERENT DETECTOR

>

>
>
>

2

The coherent detector uses exact carrier synchronization for retrieving the message signal from
modulated signal. These types of detectors are mainly used for detecting DSB&SSB signals.

It consists of a product modulator with a low pass filter.

For detecting signal local oscillator at the receiver end is required. The frequency and phase of the
locally generated carrier and transmitter carrier must be synchronized that is exactly coherent.

All types of linear modulation can be detected by using synchronous detector. It consists of a product
modulator with LPF.

| |
Incoming Wy Non-linear Low pass |Demodulated
. —_— . —_— —
signal dewvice output { signal

Carrier signal

Fig 1.32 Coherent Detector

The incoming signal is first multiplied with locally generated carrier and then passed through low pass
filter. The filter bandwidth is same as the message bandwidth om

Tthe local oscillator should be exactly synchronized with carrier signal in both phase and velocity.
Considering the case of SSB-SC signal, the signal I/p is

e1(t)= Em.Ec cos (¢ - omt
2

e2(t)=Esinwct
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The output of the non linear device which acts as a multiplying device is given by
e(t)= ei(t). e2(t)= Em.Ec E cos (w¢- omt sinoct
2

2 2
The first term of the output is the modulating frequency signal that is passed on to the output. The second
component is a RF component and is attenuated by the filter. Thus the synchronous detector is capable of
demodulating SSB-SC signal

E(t): Emigi [ Sil’l(,t)mt + sin (20\)c_ﬂm)1

e(t)= Em.Ec Esinomt
4
The synchronous detector is effective only when locally generated carrier is properly synchronize with
the transmitter power. Assume the local oscillator carrier to have a phase difference with the transmitted
carrier. The carrier is represented by

ex(t)=Esin( oct + ¢ )

The output of the non linear device is given by
e(t)=eu(t). e2(t)= Em.Ec cos (wc- omt ESin (wct+ o)
2
= Em.Ec E cos (oc- omyt sin (ct+ @)
2
=Em.Ec E ( cOSmct COSmmt+Sinwmt Sin wct)(Sinmct cose + cosmet sin @ )

2

=Em.EcE [ cosmct cosmmt Sinmct cose + sinwmt Sin? et cose +

2
Cos 2mct CoSomt sin ¢ + CoSmct SiN ¢ t COSmt cose ]

=Em.Ec E [ cosmct cosomt sinwct cose + sinmmt cosq)[ 1-cos2mct J
2 2
Cos 2mct CoSmmt sin ¢ + coSmct Sin et CoSmmt cose |

After passing through the LPF the second order harmonic term is eliminated.

e(t)= Em.Ec Esinomt coso
4

If @ =0 then e(t) is maximum e(t) = Em.Ec Esinomt
4

If @ =90 then e(t) is minimum e(t) =0

Thus there is a phase delay due to improper synchronization.

VESTIGEAL SIDE BAND MODULATION

Definition : One of the sideband is partially suppressed and vestige (portion) of the other sideband is transmitted,
This vestige (portion) compensates the suppression of the sideband. It is called vestigial sideband transmission.
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Geneationand demodulationofVSB

AV SBsignal is obtained as shown figu e below by sup pessing one of the sidebandsofa DSBSC using
a VSB filter.

psp-sc [fosescl) | vSBfiter | ¢
modulator Hiw)

m(f) —=

Fig 1.33 VSB Generation and Demodulation

VSB filter is a BPF having an asymmetric frequency response in the transition band, positioned in such
a way that the carrier frequency corresponds to the middle of the transition band. From the figure,

Spsp-sc(t) = Acm(t)cos(w,t)
The transfer function of the VSB filter is H,(w).

H (@)

Antisyvmmetric response about @,

TS

:
3
:

—®c ] @, @, + w,, @

VSE filter characteristics

Fig 1.34 Transfer Function of VSB

The inverse FT of H,(w) gives the unit impulse, h,(t). We can express the VSB filter output as:

Svsp-sc(t) = Spsp-sc(t) * hy,(t) = Acm(t)cos(wct) * hy(t)  ----=-=------ (1)
Taking FT on both sides,
Sysp-sc(w) = {% M(w — w) + M(w + w)] X Hv(w)} ........... (2)

The coherent detector is a sort of universal detector of AM signals in the sense that DSBSC, conventional
AM and SSBSC can all be detected successfully by using it. It would be natural to expect that coherent detection
to work for the VSB-SC signal too.

Mulsiplier

PRy p— X[y Lowpass )
filter yi
1
A, cos{ur)

Fig 1.35 VSB Demodulator

The output of the multiplier in the VSB demodulator in the figure is given by:

x(t) = Sysp_sc(t) X Agcos(w,t) e (3)
It is assumed perfect synchrony between the transmitter and demodulator carriers.

Taking FT on both sides of equation (3), we obtain,
Ao

X(w) = 5 [SVSB—SC ((1) - wc) + SVSB—SC ((1) + CUC)] ------------- (4)
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Using (2) in (4),

X(w) = (22) {[M(w) + M(w — 20)]Hy (@ — 0.) + [M(0 + 20,) + M(@)]H, (0 + o)}

The signal x(t) is passed through an ideal filter (LPF) to obtain y(t). If the VSB modulation is
successful, then y(t) should be proportional to the message signal, m(t).

It is observed from (5) that M(w — 2w,) and M (w + 2w,) are high pass terms, since they represent
M (w) translated by +2w,. These terms are blocked by the LPF which yields an output signal y(t) with the FT
Y (w) given by

Y(w) = (%) M)[H,(w — o) + Hy(w + @)l e (6)

VSBSC modulation and demodulation is considered to be successful if Y(w) = kM(w), where k is
proportionality constant. Hence, for perfect demodulation, the required condition is:

[H,(w — w,) + H,(w + w,)] = constant for |w| < w,, .

yan

nj,[tdﬂ‘.l ). T

B =, 1--—_-—1-{

Traesmission bandwidth of a VSE-5C signeal

This is called vestigial symmetry condition.

.o )

Fig 1.36 Transmission Bandwidth of VSB-SC

It is seen that the VSB bandwidth exceeds the corresponding SSB bandwidth w,, by w, /2. Thus, the
filter transition bandwidth w,, is an important parameter which decides the VSB bandwidth. It is observed in
filter design that spectral components that lie in the transition region suffer distortion causing phase shifts.

Magnitude Response of VSB Filter
Fig. shows the magnitude response of VSB filter.
> Here observe that fc to fc+W is USB. It's portion from fc to fc +fv is
suppressed partially. fc to fc - W is LSB. It's portion from fc -fv to fc is
transmitted as vestige.
» Observe that H(fc)=1/2. And the frequency response fc-fv < H(f)< fc+fv exhibits odd symmetry. The
sum of any two frequency components in the range is

fe-fu< f <fetfy
equal to unity. i.e H(f-fc) + H(f+fc) = 1
Phase response is linear
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Suppressed

IH(F)] & vESLtngBE of  portion of USB

-1

s d y

-
|l Z - f
ru:_f-.r f: fn:+ l'-.-' fr_:"' w
: I
LSB —w USB |

Spectrum of VSB filter

Fig 1.37 Spectrum of VSB

Advantages:
1. Low frequencies, near fc are, transmitted without any attenuation.

2. Bandwidth is reduced compared to DSB.

Applications:
VSBismainlyusedfor TV transmission,sincelowfrequenciesnearfc representsignificant picturedetails. Theyare

unaffected due to VSB.

Jeppiaar Institute of Technology
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Angle Modulation

Definition

We know that amplitude, frequency, or phase of the carrier can be varied by the modulating
signal. Amplitude is varied 'in AM. When frequency or phase of the carrier is varied by the
modulating signal, then it is called angle modulation, There are two types of angle modulation.

1. Frequency Modulation :

When frequency of the carrier varies as per amplitude variations of modulating signal, then it
is called Frequency Modulation (FM). Amplitude of the modulated carrier remains constant.

2. Phase Modulation :

When phase of the carrier varies as per amplitude variations of modulating signal, then it is
called Phase Modulation (PM). Amplitude of the modulated carrier remains constant,

Frequency Modulation:

The frequency of the high frequency carrier signal is carried in accordance with the modulating
signal.

Vm = Em sin2nafm t

Vc = Ec Sin 27Cfct

Vim = Ec sin (2xnfct + ms sin2nfm t)
vim = EC sin (wct + mgsinwmt)

mf is modulating index of fm

Relationship/Difference between FM and PM:

e The basic difference between FM and PM lies in which property of the carrier is directly
varied by modulating signal. Note that when frequency of the carrier varies, phase of
the carrier also varies and vice-versa.

e But if frequency is varied directly, then it is called FM.,

e And if phase is varied. directly, then it is called PM.

e The instantaneous phase deviation is denoted by 0 (t) . It is the instantaneous change in
phase of the carrier with respect to reference phase. The instantaneous phase of the
carrier is precise phase of the carrier at a given instant. It is mathematically expressed
as,

Instantaneous phase = wct + 0 (t)

Here 0(t) is the instantaneous phase deviation and Wec is the carrier frequency. Now the
instantaneous frequency deviation is defined as

_dem) _ 4
== - 0(t) Hz

2021-2022 Jeppiaar Institute of Technology
39



EC8395-Communication Engineering Department of CSE

Definition for instantaneous frequency deviation: It is the instantaneous change in carrier frequency. It is

equal to the rate at which instantaneous phase deviation takes place.

Definition of instantaneous frequency:It is the frequency of the carrier t a given instant of time. It is given as

d
[nstantaneous frequency = o (f) = T [0 ¢ +0(1)]

= w. +0'() rad/sec

Instantaneous phase deivation 0(t) is proportional to modulating signal voltage

B(t) = k ey () rad

Where K is the deviation sensitivity of phase
Similarly the instatneous frequency deviation is proportional to modulating Signal

B'(t) = ky e (F) rad/sec

Where k1 is the deviation sensitivity of frequency.
From equation (2), We have
o) = | o) dt
= j .rf‘] Em (f} dt

Let the modulating signal be given as
o (t) = E, coswy, ¢
Using the equation in equation (6)

0(f) = ki [ Ey coswy tdt

En .
k] _ﬂ Sin (O)Pl f
[om

The angle modulated wave is mathematically expressed as
¢(f) = E.sin [m{- t+8 (f)]

Using the value of 6(t) in the above equation from equation (7)
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1 EJ:.I

FM equation : t‘(f) = E. sin (o ¢+

m.' "

sin w,, r}

Similarly using the value of 6(t) from equation (5) in equation (8) we get

PM equation : e(t) = E;sinfw, t +kEy coswy, ]

FM and PM waveforms:

J— NANANNANNANANL
s \V\UAU[\UUUUUUUUUUUUU

i /

1

1

Ll

P Aodulating . t

1 [} .

: : :

1 1

signal

1
1
aximum

' '
H ’ :
: M ; :
' deviation \" :
E ' H '

. CNCNNMANA AN
\/nu[\f\/ﬂy WLLAVAVAVAVAV,

Maximu

E,/' deviation \\:.
N NANAAANNAAN
UnUnU[\\/me\U (VAVAVAVAVAAVAV,

Fig 1.38 Frequency Modulation

-

-

e For FM signal maximum frequency" deviation takes Place when

Modulating signal is at positive .and negative peaks.

e For PM signal the maximum frequency. deviation takes place near zero crossings of the modulating
signal.

e Both FM anid PM waveforms are identical except the phase shift.

Definition of Modulation index of PM and FM

The modulation index of PM is given as

2021-2022 Jeppiaar Institute of Technology
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M=KEn
For FM It is the ratio of maximum frequency deviation (8) to the modulating frequency (fm).

Maximum frequency deviation )
mf = =
Modulating frequency fm
e The maximum frequency deviation is the shift from centre frequency fc when the amplitude of message

IS maximum.
Af = Ky Em (H2)
Ki: = Deviation sensitivity.

The Bandwidth of FM:

e By Carson’s rule the Bandwidth needed by fm is given as,
Bo = 2 (8 + fmmaX)

5 - Maximum frequency Deviation
fmmax is Maximum modulating frequency.

Deviation Ratio :

The modulation index corresponding to maximum modulating frequency is called deviation ratio.

Maximum frequency deviation
Deviation Ratio =

Maximum modulating frequency

Frequency Spectrum of angle modualted wave :

e FM and PM analysis is quite complicated. It is derived with the help of Bessel function.

Efm = Ecsin (wct + mf cos wit)

Using Bessel function this can be expanded as,

Em = A {Jomfsinwet + Jimf [sin (we + wm)t — sin (wWe - Wim)t]

+ Jomf [sin (We + 2Wm)t — sin (We - 2wm)t] + Jamf [sin (we + 3wm)t

—sin (W¢ - 3wm)t] + Jamf [sin (we + 4wm)t — sin (We - 4wm)t] .....}
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Jo, J1, J2, J3 ... Are Bessel functions. The value of this depends on modulation index my.

NP I N I

fn 2 F 2ar 1 2 fn

Figl.39 Bessel Function Values
From the figure the Bandwidth of FM is given by

B =f.+nf,—f. + nfn
BW = anm

Bessel Function Table :

m 30 i 7. 33 N1 35 36 7 38 39 J10
0 1 - - - - - - - - - -
025 |098 [012 |- - ; - ; ; ] ] ]
0.5 094 |024 |003 |- - ; - ; ] ] ]
1 077 |044 |011 |002 |- - - ; i ] ]
15 051 |056 |023 |006 001 |- - - ; ; ;
2 022 |058 |035 |013 003 |- - - ] ] ]
2.5 005 |050 |045 |022 007 |002 |- - - - -
3 026 |034 |049 |031 |013 |004 |00l |- - - -
4 004 |-007 |036 |043 028 |013 |005 [002 |- - -
5 018 |-033 |005 |031 039 |025 |013 [005 |002 |- -

Classification of FM:

1. Narrowband FM
2. Wide band FM
Narrow band FM:

When the modulation index is less than 1, it is called narrowband FM. The FM Equation given by eq. 9
can also be expressed as,

elt) = E{cos[m,_-t +ﬂ5:‘n m.,,t}

¢
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e(t) = Eccos [2nf.t + m sin 2nf,t]
Expanding the equation
e(t) = Eccos (2n fit) cos [m sin (2r fut)] — Ec sin (2m fet) sin [m sin (2n fut)]

For narrowband FM, the modulation index, m is very small therefore following approximations can be
considered.

cos [m sin 2r fut)] = 1

sin [m sin (2n fut)] = m sin (2r fut)
Using this in equation (2)
e(t) = Eccos (2nfit) = m Ec sin (2n fit) sin (2 fut)

Expanding
e(t) = E:cos (2n fit) + % mEc {cos2n(f. + fu )t — cos2n(f, — f, )}

This equation gives the spectrum of narrowband FM. Observe that there is carrier frequency fc, upper sideband
(fc + fm) and lower sideband (fc - fm).

Wide band FM

If the modulation index is higher than 10 it is called as wide band FM

eft)

E. cos[2nf t + m sin 2nfy, ]
= RE[EL ef(2fct +msin In o f }]

RE[E,_- ef2afd | pjmsin 2nfit ]

Let x(t)=FE.gfmsin2n fiyt _
(f)=Eee * then the above equation becomes

e(t) = Re[.t(t)e."“fv‘]
Here x(t) = E.e/Msin 2n/ut s periodic with fundamental frequency of f,,. It can be

expressed with the help of Fourier series as,

w
xf) = Z C, ei2xnfut

fl==cn
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where

_.irrll ‘[ E. pfmsin 2 fint p=f2milfinl )
1
.S
1
:_.ﬁ.'.'
. " i mrsin fet =2 fi t
— fuEe [ ellminnfat2nnft) g
1
'i.r’m

put y = 2nf,, f hence the limits will change from —nton

— L, T flmsiny-ny)
Cu = ﬂje v dy

18

The above integral is known as the nth order Bessel function of the first kind. It is given as

1 = i )
i _ o flmsiny-ny
Iu.?i‘i,.:' = — [ L dy

-

.C,.- = Ju(m)E.

Using the value of Cn in equation (2)

xt) = 3 Ju(m)E. ei2enfu

= — o

Using the value x(t) in equation (1)
[ _ _ 1
o) = Re| D Ju(m)Ec ef2mnhnt gi2nfct |

|

= E i RE[J u(m‘}f”“i,ﬁ-+n.f.;.- ;r]

f=—o

= E S Ju(m)cos[2n(f + nfu)t]

The Fourier transform of the above equation becomes
Jeppiaar Institute of Technology
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E(f) = ET E Tu(m)B(f — fo =1 f) #8(f + fe + 1 fur)}

This equation shows that there are infinite number of components located

fctfm, fe£2fm, fc £3fm................

Comparison between narrowband and wideband FM

30Hz to 15 Kz

Sr.no Narrow band FM Wide band FM
1 Modulation index is < 1 Modulation index > 10
2 s(t) = Ac cos(2nf,t)-mA, & '
sin( 2nf t)sin(2rfnt) o0 Aﬂ.“,"“':m]ms[?"{f* i)t
3 Spectrum contains 2 sidebands and carrier Spectrum cont6ains infinite number of
sidebands and carrier
4 BW=2fm BW = 2(& + fn(max))
5 It is used for mobile communication It is used for broadcasting and entertainment
6 Maximum deviation =75Hz Maximum deviation = 5 Hz
7 Range of modulating frequency Range of modulating frequency

30Hz to 3 Kz

Comparison between FM and PM

Frequency modulation

Phase modulation

1 The maximum frequency deviation depends | The maximum phase deviation depends only
upon amplitude of modulating voltage and | upon the amplitude of modulating voltage
modulating frequency

2 Frequency of the carrier is modulated by | Phase of the carrier is modulated by modulating
modulating signal signal

3 Modulation index is increased as modulation | Modulation index remains same if modulating
frequency is reduced and vice versa frequency is changed

4 Noise immunity is bette than AM and PM Noise immunity is better than AM but worse

than FM

2021-2022
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5 FM is widely used PM is used in some mobile systems.

Generation of FM waves:
Fm Modulators: There are 2 types of FM modulators.

1. Direct Method
2. Indirect Method

Mehtods of FM generation

|
[ I

Direct FM Indirect FM
I ] |
Reactance Varactor Diode Armstrong
Modulator modulator method

Direct FM Modulators : In this type the frequency of the carrier is varied directly by the modulating signal.

Indirect FM Modulators: In this type FM is obtained by phase modulation of the carrier.

Modulatng Phass N Modulating Freguen
wavs  —  Integrator H modulator | FM wave wave === Differentiatcr mxulatz — PM wave
| - T_. - 1
A cos (2mfn) A, cos (2w 1)
(a) ()

Fig 1.40 Relation Between FM and PM
a) FM from PM b) PM from FM

Generation of Narrow band FM:

S —

Modulating
wave

Narroaband

— - Intagrator feedep TOdUCt | = FI wars
w

modu lator

{

I

: ' A, sin (2f,0)

f

| -

: -80 Carrier wava

phase-zhifter Ag cos (2mf0)

Nerrowband phase modulator

Fig 1.41 Generation of Narrowband FM
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Direct FM reactance modulator:
—-—T1
_E L Ia \
T v xemn

=
| 19

FET reactance modulator

Fig 1.42 Direct FM reactance Modulator
e |t behaves as reactance across terminal A-B.

e The terminal A-B of the circuit may be connected across the tuned circuit of the oscillator to get fm o/p.
e The varying voltage (modulating voltage) V, across the terminals A-B changes the reactance of FET.

e This charge in reactance can be inductive or capacitive.

e Neglecting the gate current, let the current through C & R be I,.

e At the carrier freq. the reactance of C is much larger than

Vv
R&l: =
R+ 1/ jwc
Jwe >> R
1 = jweV
From the Circuit,
Vg = iR = jwcrv
la = gmVgS = gmVy
la = jwcRgmV
From the circuit impedance of the FET is,
\%
/ =——
Id
\% 1 1
jWCR gmV jw (gmCR) JW (Ceq)

e The impedance of FET is capacitive.
e By carrying the modulating voltage across FET, the operating paint gm can be varied and hence Cey.

e This change in the capacitance will change the frequency of the oscillator.
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Frequency Modulation using Varactor diode.

To carrier
oscillator

Fig 1.43 Varactor Diode for FM Generation
We know that the junction capacitance of the varactor diode changes as the reverse bias across it is

varied.
e L; & C; forms the tank circuit of the carrier oscillator.
The capacitance of the varactor diode depends on the fixed bias set by R1 & R> & AF modulating signal.

e Either R1 or R2 is made variable.
The radio frequency choke [RFC] has high reactance at the carrier frequency to prevent carrier signal

from getting into the modulating signal.
At +ve going modulating signal adds to the reverse bias applied to the varactor diode D, which decreases

its capacitance & increases the carrier frequency.
A —ve going modulating signal subtracts from the bias, increasing the capacitance, which decreases the

carrier frequency.

Direct FM Transmitters :

fo = 5.1 MHz

Modulating Freq. modulator 18 f
signal — and Frequency c Power
oscillator multiplier amplifier
91.8 MHz

e e atat
L] 6f - 1
: c=306MHz s 6 MHZ
! Lowpass . H
i N Sy
! oscillator H
1 1
H DC i ]
: vortage { loop

e o [T T Ampitor :’
1 i
; :'
e

Fig 1.44 Direct FM Transmitter
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e Fig. shows the FM Crosby transmitter with an AFC loop. (Automatic frequency correction loop).

e The Frequency modulator can be either a reactance modulator or voltage controlled oscillator.

e The carrier freq is 5.1MHz. which multiplies by 18 in three steps to produce a final frequency of 91.8
MHz.

e When the frequency modulated carrier is multiplied, its frequency & phase deviations are also
multiplied.

e The rate at which the carrier is deviated is unaffected by the multiplication process. Hence the
modulation index is multiplied.

e When an angle modulated carrier is heterodyned with another freq in a non linear mixer, the carrier can

either be up converted or down converted.

AFC loop :

Reactance L-C i Power

o— - . = Multiplier - .
AF modulator oscillator Pl amplifier

IM
Y

o . . Crystal
Discriminator = Amplifier | Mixer - oscillator

Fig. 2.3.1 Typical AFC circuit
Fig 1.15 Typical AFC Circuit

e The purpose of the AFC loop is the achieve near crystal stability of the transmit carrier freq. without
using a crystal in the carrier oscillator.

e The cassier frequency is mixed with a local oscillator freq and then down converted in freq. & the fed
to a frequency discriminator.

e Frequency discriminator is a device whose o/p voltage is proportional to difference b/w i/p freq and its
resonant freg.

e Discriminator responds to low freq changes in the carrier center freq because of master oscillator freq
drift.

e When the discriminator responds to frequency deviation, the feedback loop would cancel the deviation
and this remove the modulation.

e The dc correction voltage is added to the modulating signal to automatically adjust the master oscillator’s

centre frequency to compensate for low freq drift.
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PLL Direct FM transmitter:
Divide Ny
by N
Crystal
reference Phase Low pass
oscillator comparator filter Summer VCo FM output
Correction
voltage
Modulating
signal

Fig 1.46 PLL - Direct FM Transmitter
¢ Fig shows a wide band FM transmitter.

e The VCO o/p freq is divided by N & fed bark to the PLL phase comparator, where it is compared to a

stable reference freq.

e The phase comparator generator a correction voltage that is proportional to the difference b/w the 2

frequencies.

e The correction voltage is added to the modulating signal & applied to the VCO i/p.

e The correction voltage adjusts the VCO centre freq to its proper value.

e The LPF prevents the changes in the VCO o/p frequency due to the modulating signal from being

converted to a voltage & fed back to VCO.
e The LPF also prevents the loop from locking onto a side frequency.
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Fig 1.47 Indirect FM transmitter
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Fig 1.48 Phasor Diagram of indirect method of FM Generation
Here the modulating signal directly deviates the phase of the carrier, which indirectly changes the
frequency.
The carrier source is a crystal oscillator hence stability can be achieved without a AFC.
A carrier is phase shifted to 90° & fed to the Balanced modulator. Where it is mixed with the i/p
modulating signal.
The o/p of balanced modulator is DSBSC.
The o/p of Balanced modulator is combined with original carrier in the combining N/W. to produce a
low index, phase modulated wavefrom.
Fig (b) shows phasor of original carrier, modulating signal and the resultant Vector.
Fig (b) shows the phasors for the side freq. components of the suppressed carrier wave. As suppressed
carrier is out of phase with V¢, the upper & Lower side bands combine to produce Vm — 90° with Vc.
The phase modulated signal is obtained by vector addition of carrier and modulating signal.
Modulating signal vector adds to the carrier OA with 90° phase Shift.
The resultant phase modulated vector is OB with phase shift 6.
This works only if both have the same frequency. The means carrier & modulating signal should have

same frequency. Under this condition phase modulation produces FM o/p.

FM Demodulators / Detectors

FM demodulator must satisfy the following requirements

It must convert the frequency variations into amplitude variations
This conversion must be linear and efficient.
The demodulator circuits must be insensitive to amplitude changes.

It should not be too critical in its adjustment and operation.
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Types of FM demodulator:
¢ Round Travis Detector or Balanced discriminator.

e Foster - gpley Discriminator or Phase discriminator.

e Ratio Detector.
Slope Detector / Round Travis Detector :
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Fig 1.49 Balance Slope detector and its characteristics
e Consists of 2 identical circuit connected back to back.

e FMsignal is applied to the tuned LC circuit.

e Two tuned LC circuits are connected in series.

e The inductance of the secondary tuned LC circuit is coupled with the inductance of the primary LC
circuit this forms a tuned transformer.

e Upper tuned circuit is T1 & lower tuned circuit is To.

e |/Pside LC is tuned to be

T is tuned to fc + 6f - max freq fm.
T2 is tuned to fc - of - max freq fm.

e Secondary of T1 & T, are connected to diodes D; & D, with RC loads.
e The total o/p is equal to difference b/w Vol & Vo2.
e When i/p freq is fc, both T1 & T2 produce the same voltage hence o/p =0
e When i/p freq is fc + 6f, the upper circuit T1 produces maximum voltage since it is tuned to this freq.
Hence this produces maximum votalge.

Vo1 is high compared to Voe.

Vout = Vo1- Vo2 is positive for fc + of.
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e When i/p freq is fc - f. T2 produces maximum signal since it is tuned to it. But T1 produces minimum

voltage. Hence o/p Volt = Vo1 — Vo2 is negative. Thus we get a modulating signal.

Foster - Seeley Discriminator :

Fig 1.50 Basic Foster- Seeley Discriminator & Voltage generator equivalent
circuit

e The primary voltage is coupled through Cz & RFC to the centre tap on the secondary.
e The capacitor C3 passes all the frequencies of Fm. The voltage V1 is generated across RFC.

e RFC offers high impedance to frequencies of Fm.
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Fig 1.51 (a) At center frequency, phase shift between
V; and V: is 90°. "Hence |Vm|--1.fﬂz|

(b) For the frequencies above center frequency, the phase
shift between V, and V; is reduced. Hence |Vpy| > Vg

(c) Fﬁr frequencies below center frequency, the phase shlft
between Vy and V; is increased. This makes |Vp4| < |Vp2|

The voltage V1 thus appears across centre tap of secondary and ground also.
The voltage of secondary is V. & equally divided across upper half & lower half of the secondary.

In the figure the voltage across diode D1 is Vpr = V1 + 0.5 V2 and that across D2is Vp2 =V1+ 0.5 V>

The o/p of upper rectifier is Vo1 and lower rectifier is Vo2.

The net o/p Vo= Vo1 —Vo2=Vo=|Vp1|-| Vb2 |

At carrier frequency Vpi1 X V2 are equal hence the net o/p of the discriminator will be zero.

When the i/p frequency increases above fc the phase shift b/w V1 & V> reduces | Vo1 | > | Vo2 | hence
Vo1 =| Vb1 | - | Voo | will be +ve.

When the i/p frequency reduces below fc then | Vb1 | > | Vb2 | hence Vo1 =| Vb1 | - | Vb2 | will be —ve.
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Ratio detector :
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Fig 1.52 Ratio Detector

Ratio detector can be obtained by sight modifications in the foster-Seeley discriminator. Fig shows the
circuit diagram of ratio detector. As shown in the diagram the diode D is reversed, and output is taken from
different points. In the above circuit the regular conversion from frequency to phase shift and phase shift to
amplitude takes place as in faster—Seeley discriminator. The polarity of voltage in the lower capacitor is
reversed. Hence the voltages Vo1 and Vo2 across two capacitors add. (Note that these voltages subtract in faster-
seely circuit). And we know that when Vo1 increases, Vo2 decreases and vice-versa as we have seen in faster-
Seeley circuit. Since, Vo' is sum of Voz and Vo, it remains constant. From the circuit of Fig we can write two
equations for the output voltage Vo (Note that Vo is the net output voltage and taken across points A and B).
The First equation will be,

Vo =% V'o— Vo
and Vo=-%V'o— Vo

adding the above two equations,

2Vo= Vo - Vo

Vo Y2 (Vo1 - Vo2)

Since Vo1 = | V1| and | Vo2 | above equation will be,

Vo =% (|Vb1]| -|Vp2|)

e Here Vp1 & Vp; are obtained as discussed earlier in foster seeley circuit.
e From the equation we know that the output of ratio detector is half compared to that of Foster-Seeley
circuit
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As frequency increases above fc' | Vo1 | > | V2| hence o/p is +ve.

111 ™ as frequency decreases below fc= | Voz| > | Vo, hence o/p is —ve.

Advantage :

Reduced fluctuations in the o/p voltage compared to foster seeley circuit

PLL Demodulator circuit
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Fig 1.53 PLL- Demodulator circuit

Fig. shows the block diagram of PLL FM demodulator.

The output frequency of VCO is equal to the frequency of unmodulated carrier.

The phase detector generates the voltage which is proportional to difference between the FM signal and

VCO output.

This voltage is filtered and amplified. It is the required modulating voltage.

Here frequency correction is not required in VCO since it is already done at transmitter

Comparison of FM and AM

Amplitude Modulation Frequency Modulation

1. | Amplitude of the -carrier is varied | Frequency of the carrier is varied
according to amplitude of modulating | according to amplitude of the
signal. modulating signal.

2. | Am has poor fidelity due to narrow | Since the bandwidth is large,
bandwidth. fidelity is better.

3. | Most of the power is in carrier hence less | All the transmitted power is useful.
efficient.

4. | Noise interference is more. Noise interference is minimum.

5. | Adjacent Chennai Interference is present | Adjacent Chennai Interference is

avoided due to guard bands.
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6. | Am Broadcast operates in MF and HF | FM Broadcost operates in VHF and
range UHF range.

7. | In Amonly carrier and two sidebands are | Infinite number of sidebands are
present present

8. | The transmission equipment is simple. The transmission equipment is

complex.

9. | Transmitted power varies according to | Transmitted power remains constant
modulation index. irrespective of modulation index.

10. | Depth of modulation have limitation. It | Depth of modulation have no

can not be increased above I.

limitation. It can be increased by
increasing frequency deviation.
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