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1.3 GENERATION OF AM-DSBFC (AM MODULATORS) 

The generation method of AM waves are broadly divided in to two types 

 Linear modulator(or)large signal modulator(or)high level modulation 

 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, 

 Transistor modulator 

 Switching modulator. 

NON LINEAR MODULATORS: 

These modulators are operated in nonlinear region.These are used in low level 

modulation. 

The types of non linear modulators are, 

1. Square law modulator, 

2. Product modulator,  

3. Balanced modulator. 

LOW LEVEL AM MODULATOR 

 Class A amplifier can perform amplitude modulation. 

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

modulating signal. 

 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 . 

 The carrier is applied the base and the modulating signal to the emitter. 

Hence it is also called as Emitter Modulation. 

 The modulating signal varies the gain of the amplifier at a sinusoidal 

rate equal to the frequency of the modulating signal. 

 The depth of modulation achieved is proportional to the amplitude of the 

modulating signal. 
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Figure: 1.3.1 (a) Circuit diagram for AM modulator   (b) Waveforms 

 The voltage gain for an emitter 

modulator is 

expressed as, Av = Aq 

(1 + m sin 2 fmt) 

Av  Amplifier voltage gain with modulation. 

Aq  Amplifier quiescent (without 

modulation) voltage gain. sin 2 fmt 

varies from + 1 to -1 

Hence, Av = Aq (1 m) 

Av max    = 2Aq, when m = +0 

Av min = 0, when m = -1 

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 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. 
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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 

 

 The class C amplifier is used. It operates nonlinear and is capable of 

nonlinear mixing (modulation). 

 This is known as collector modulator because modulating signal is 

applied to the collector. 

 When the amplitude of the carrier exceeds the barrier potential 

(0.7V) Q1 turns on collector current flows. 

 
Figure : 1.3.2 High Power AM Modulator 

 When carrier voltage drops below 0.7V Q1 turns off and collector 

current cases. 

 The corresponding current and voltage waveforms are shown. 

 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: 

 There is no constraint of linear operation on amplifiers preceding 

modulator stage. 

 Power efficiency is good 

Disadvantages of high level modulators: 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY  

 

EC8395 COMMUNICATION ENGINEERING  

 

 High modulating power is required. 

 Final modulating signal amplifier has to supply all the sideband 

power. 

 

AM TRANSMITTERS 

 

Low Level AM Transmitter 

 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. 

 The crystal oscillator is followed by a tuned buffer amplifier (class B) 

and drive amplifier. 

 

Figure : 1.3.3 Low Level AM Transmitter 

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 
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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 

 

 

Figure 1.3.4 High level AM Transmitter 

 Here modulating signal power should be higher than the low level. 

 The amplification takes place prior to modulation. 

 

Application of High Level Transmitter: Used for long distance 

communications. 

 

 

SQUARE LAW MODULATOR 

 The non linear portion of V-I 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 in the low voltage region as 

shown in figure. 
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Diode Voltage 

 

0 

Figure :1.3.5 Square Law Modulator 

 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. 

 

Figure :1.3.6 Square Law Modulator using BPF 

Principle of operation: 

 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. 
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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. 

 

Figure : 1.3.6 Balanced Modulator 

DEMODULATION/DETECTION OF AM-DSBFC (AM 

DEMODULATORS) 

 

o 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. 

o The devices used for demodulation or detection are called as 

demodulators or detector 

o For amplitude modulation, the detectors or demodulators are 

categorized are 

o Square law detectors or nonlinear detectors  

o Linear detectors 

o The low level modulated signals are using non linear detectors to 

recover the original message signal 
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SQUARE LAW DETECTOR 

 

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

signal. 

 Here the diode is used in V – I 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. 

 

 

Figure : 1.3.7 Square Law Detector 

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 
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time constant network. 

 
 

 

 

 

 

Figure : 1.3.8 Envelope Detector 

Principle Of Operation: 

 

 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 τ =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 
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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. 

Negative peak clipping: 

 

The 2nd 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 ma 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 
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(DSB-SC). It contains LSB and USB terms, resulting in a transmission 

bandwidth that is twice the bandwidth of the message signal. 

 

Figure :1.3.9  (a)Base band Signal (b) DSB SC 

Frequency spectrum of DSB-SC AM 

Figure : 1.3.9 Frequency spectrum of DSB-SC AM 

It shows that carrier term ωc is suppressed. It contains only two sideband 

terms having frequency (ωc - ωm) and (ωc + ωm). Hence this scheme is 

called as DSB-SC AM. 

Phasor representation of DSB-SC AM: 

 
 

Figure : 1.3.10 Phasor representation of DSB-SC AM 
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