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Unit 1: CW communication system 

• Communication systems, Modulation, Bandwidth requirements, External 

and Internal noise, Noise figure 

• Theory of Amplitude modulation, Modulation index, side bands and 

frequency domain, Power distribution, Generation of AM, Suppression of 

carrier, suppression of unwanted side bands, Extensions of SSB, AM 

receivers 

• Theory of frequency and Phase modulation, sidebands and modulation 

index, Noise and frequency modulation, Generation of FM, FM receivers 
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Communication systems 



Communication systems

• The communications system exists to convey a message.

• All electronic communication systems have 

1. a transmitter, 

2. a communication channel or medium

3. a receiver



Communication systems



Block diagram of communications system



1. Information 

• The information can be in the form of:

❑ Voice

❑ Video

❑ Picture

❑ Computer data



Transmitter

• The first step in sending a message is to convert it into electronic form 

suitable for transmission

✓Voice  → Microphone

✓Picture/Video  → Camera

✓Sensor → Electric Signal

• Encoding

• Modulation



Transmitter

• Collection of electronic components and circuits designed to convert the 

electrical signal to a signal suitable for transmission over a given 

communication medium 

• Made up of oscillators, amplifiers, tuned circuits and filters, modulators, 

frequency mixers, frequency synthesizers, and other circuits 



Communication Channel or Medium

➢Communication Channel is the medium by which the electronic signal is 

sent from one place to another. 

Examples:

❑Wire conductors 

❑Fiber-optic cable 

❑free space 



Communication Channel or Medium

❑Electrical Conductors 

✓pair of wires 

✓coaxial cable 

✓twisted-pair cable 

❑Optical Media :- Fiber-optic cable or "light pipe" 

❑Free Space–Radio Waves

❑Other Types of Media- Sonar, AC power lines etc.



Receiver

❑Collection of electronic components and circuits that accepts the

transmitted message from the channel and converts it back to a form

understandable by humans .

❑Contain amplifiers, oscillators, mixers, tuned circuits and filters, and a

demodulator or detector that recovers the original intelligence signal from

the modulated carrier

❑Examples: 

✓A voice signal sent to a speaker 

✓A video signal that is fed to an LCD screen for display



Transceivers

• Telephones

• Hand-held Radios

• Mobile

• Computer Modems



Attenuation



Noise

❑Any unwanted signal is referred as Noise

❑Types of Noise:

✓External Noise

✓Internal Noise



Types of Signals in Communication Systems

❑Analog and Digital

❑Baseband and Broadband

❑One Way And Two Way (Simplex and Duplex)

▪ Simplex

▪ Duplex

✓Half Duplex

✓Full Duplex







Baseband Signal and Broadband Signal

• Baseband Signal : Original Signal

• Broadband Signal: Modulated Signal



Simplex









Modulation 



Modulation 

• Modulation is process in which information signal is 

superimposed on a high frequency carrier and then transmitted 

in communication channel and medium.

• Definition:- In modulation one of the characteristics of carrier 

signal is varied in accordance with instantaneous value of 

information or modulating signal.
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Need of Modulation

❑Height of transmitting and receiving antenna

Speed of electromagnetic wave = speed of light, c = 3.0x108  m/s

c = f λ

l = λ/2 or λ/4

❑Interference from other sources at low frequencies

❑Narrow banding
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ELECTROMAGNETIC SPECTRUM

• The range of electromagnetic signals encompassing all frequencies is 

referred to as the electromagnetic spectrum

• Speed of electromagnetic wave = speed of light, c = 3.0x108 m/s

• c = fl

• f = freq

• λ = wavelength
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Bandwidth

• Bandwidth (BW) is that portion of the electromagnetic spectrum occupied 

by a signal. 

• It is also the frequency range over which a receiver or other electronic 

circuit operates.

• More specifically, bandwidth is the difference between the upper and lower 

frequency

BW=f2 - f1
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Bandwidth requirements 



Bandwidth Requirement

• Bandwidth (BW) is that portion of the electromagnetic spectrum occupied by 

a signal.

• To estimate the bandwidth of a modulated transmission, it is essential to know 

the bandwidth occupied by the modulating signal itself

• For sinusoidal signal, the occupied bandwidth will simply be the frequency 

range between the lowest and the highest sine-wave signal.

• However, if the modulating signals are non-sinusoidal, a much more complex 

situation results.
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Sine Wave and Fourier Series Review
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Sine Wave and Fourier Series Review

• A periodic waveform has amplitude and repeats itself during a specific 

time period

• Some examples of waveforms are sine, square, rectangular, triangular, and 

sawtooth.
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Sine Wave and Fourier Series Review
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Non-periodic waves
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Frequency Spectra of non-sinusoidal Waves

• Any non-sinusoidal, single-valued repetitive waveform consists 

of sine. waves and/or cosine waves. 

• The frequency of the lowest-frequency, or fundamental, sine 

wave is equal to the repetition rate of the non-sinusoidal 

waveform, and all others are harmonics of the fundamental. 

• There are an infinite number of such harmonics.
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NOISE



NOISE

• Any unwanted introduction of energy tending to interfere with the proper 

reception and reproduction of transmitted signals.

• Noise is an electronic signal that is a mixture of many random frequencies 

at many amplitudes that gets added to a radio or information signal as it is 

transmitted from one place to another or as it is processed. 

• Noise is not the same as interference from other information signals.

• Eg.  In AM, FM, or shortwave receiver, the hiss or static that you hear in 

the speaker is noise, snow or on a color screen as confetti on screen of 

black and white TV
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NOISE

• If the noise level is high enough and/or the signal is weak 

enough, the noise can completely obliterate the original signal. 

• Noise that occurs in transmitting digital data causes bit errors 

and can result in information being garbled or lost.

• Noise is a problem in communication systems whenever the 

received signals are very low in amplitude.
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• In most communication systems, weak signals are normal, and 

noise must be taken into account at the design stage.

• Noise can be external to the receiver or originate within the 

receiver itself. 

• Both types are found in all receivers, and both affect the SNR.
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External Noise

• External noise comes from sources over which we have little or no control

✓Industrial

✓ atmospheric, or

✓ space

Atmospheric noise and space noise are a fact of life and simply cannot be 

eliminated.

Some industrial noise can be controlled at the source, but because there are so 

many

sources of this type of noise, there is no way to eliminate
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Industrial Noise

• Industrial noise is produced by manufactured equipment, such as 

automotive ignition systems, electric motors, and generators. 

• Any electrical equipment that causes high voltages or currents to be 

switched produces transients that create noise.

• The resulting transients are extremely large in amplitude and rich in 

random harmonics. 

• Fluorescent and other forms of gas-filled lights are another common source 

of industrial noise
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Atmospheric Noise

• The electrical disturbances that occur naturally in the earth’s atmosphere 

are another source of noise.

• Atmospheric noise is often referred to as static.

• Static usually comes from lightning, the electric discharges that occur 

between clouds or between the earth and clouds. 
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Extraterrestrial Noise

• Extraterrestrial noise, solar and cosmic, comes from sources in space.

• One of the primary sources of extraterrestrial noise is the sun, which 

radiates a wide range of signals in a broad noise spectrum. The noise 

intensity produced by the sun varies with time.

• In fact, the sun has a repeatable 11-year noise cycle

• Noise generated by stars outside our solar system is generally known as 

cosmic noise.
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Internal Noise

• It is low level, is often great enough to interfere with weak 

signals.

• The main sources of internal noise in a receiver are 

✓Thermal  noise

✓Semiconductor noise

✓Intermodulation distortion
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Thermal Noise

• caused by a phenomenon known as thermal agitation, the 

random motion of free electrons in a conductor caused by heat. 

• Increasing the temperature causes this atomic motion to 

increase. 

• The movement of electrons constitutes a current flow that 

causes a small voltage to be produced across that component. 

• The apparent resistance of the component thus fluctuates, 

causing the thermally produced random voltage we call noise.
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Thermal Noise

• Referred as white noise or Johnson noise

• White noise contains all frequencies randomly occurring at 

random amplitudes

• Filtering can reduce the noise level, but does not eliminate it 

entirely.
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• Noise voltage appearing across a resistor or the input impedance 

to a receiver can be calculated according to Johnson’s formula:
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Thermal Noise



Problem on noise voltage
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Problem on noise voltage



• Noise voltage is proportional to resistance value, temperature, 

and bandwidth,

• noise voltage can be reduced by reducing resistance, 

temperature, and bandwidth or any combination to the minimum 

level acceptable for the given application.

• Heat sinks, cooling fans, and good ventilation can help lower 

noise.
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Thermal Noise



Thermal Noise

• Thermal noise can also be computed as a power level. Johnson’s 

formula:

where Pn is the average noise power in watt
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Semiconductor Noise

• Major contributors of noise: diodes and transistors

• semiconductors produce:

✓Shot noise, 

✓Transit-time noise 

✓flicker noise
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Shot Noise

• Current flow in any device is not direct and linear

• The current carriers, electrons or holes, sometimes take random 

paths from source to destination, 

• The destination is an output element tube plate, or collector or 

drain in a transistor

• It is this random movement that produces the shot effect.

• Shot noise is also produced by the random movement of 

electrons or holes across a PN junction
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Shot Noise

• Shot noise is also white noise in that it contains all frequencies 

and amplitudes over a very wide range

• The amplitude of the noise voltage is unpredictable

• The amount of shot noise is directly proportional to the amount 

of dc bias flowing in a device
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Shot noise

• The rms noise current in a device In is calculated with the formula
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Transit-time noise

• The term transit time refers to how long it takes for a current 

carrier such as a hole or electron to move from the input to the 

output

• Transit-time noise is directly proportional to the frequency of 

operation
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Flicker noise or excess noise

• Occurs in resistors and conductors

• This disturbance is the result of minute random variations of resistance in 

the semiconductor material

• It is directly proportional to current and temperature and inversely 

proportional to frequency

• referred to as 1/f noise and also called pink noise
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Flicker noise in resistors
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Noise in a transistor with respect to frequency
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Intermodulation distortion

• Intermodulation distortion results from the generation of new 

signals and harmonics caused by circuit nonlinearities

• Nonlinearities produce modulation or heterodyne effects

• When many frequencies are involved, or with pulses or 

rectangular waves, the large number of harmonics produces an 

even larger number of sum and difference frequencies
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Intermodulation distortion

• New sum and difference frequencies are generated by a 

nonlinearity, and they can appear inside the bandwidth of the 

amplifier

• Such signals cannot be filtered out 

• As a result they become interfering signals to the primary signals 

to be amplified. 

• They are a form of noise
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An illustration of intermodulation distortion products produced 
from two input signals f1 and f2 amplifier nonlinearities
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Intermodulation distortion

• The key to minimizing these extraneous intermodulation 

products is to maintain good linearity through biasing and input 

signal level control

• Because of the predictable correlation between the known 

frequencies and the noise, intermodulation distortion is also 

called correlated noise

77



Signal-to-Noise Ratio

• The signal-to-noise (S/N) ratio, also designated SNR, indicates the relative 

strengths of the signal and the noise in a communication system

• The stronger the signal and the weaker the noise, the higher the S/N ratio

• If the signal is weak and the noise is strong, the S/N ratio will be low and 

reception will be unreliable
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Signal-to-Noise Ratio
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• The noise quality of a receiver can be expressed as in terms of 

✓Noise figure

✓Noise factor

✓Noise temperature 

✓SINAD
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Noise Figure



Noise Figure

• The noise factor is the ratio of the S/N power at the input to the 

S/N power at the output

• eg. receiver or a single amplifier stage
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Noise Figure

• When the noise factor is expressed in decibels, it is called the 

noise figure (NF):       NF =10 log NR  dB

• Amplifiers and receivers always have more noise at the output 

than at the input because of the internal noise

• The S/N ratio at the output will be less than the S/N ratio of the 

input

• Noise figure will always be greater than 1
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Noise Figure

• The lower the noise figure, the better the amplifier or receiver. 

• Noise figures of less than about 2 dB are excellent
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Noise Figure
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Noise Temperature

• Another way to express the noise in an amplifier or receiver is in terms of 

noise temperature TN

• Noise temperature is expressed in kelvins

• The relationship between noise temperature and NF/NR is given by:

TN = 290(NF - 1)

• For example, if the noise ratio is 1.5, the equivalent noise temperature is

TN =290(1.5 - 1) =290(0.5) = 145 K.
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SINAD

• SINAD—the composite signal plus the noise and distortion divided by 

noise and distortion contributed by the receiver

• The SINAD ratio is also used to express the sensitivity of a receiver.
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Theory of Amplitude modulation
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Theory of Amplitude modulation

• In amplitude modulation, the amplitude of a carrier signal is 

varied by the modulating voltage

• The carrier may be high0frequency (HF) while the modulation is 

audio

• AM is defined as a system of modulation in which the amplitude 

of the carrier is made proportional to the instantaneous amplitude 

of the modulating voltage
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Theory of Amplitude modulation

90

Amplitude Ve of the unmodulated carrier will have to be made 

proportional to the instantaneous modulating voltage Vmsinωmt

when the carrier is amplitude-modulated



Theory of Amplitude modulation

• we can express the sine wave carrier with the simple expression:

• vc represents the instantaneous value of the carrier sine wave voltage

• Vc represents the peak value of the constant unmodulated carrier sine wave

• fc is the frequency of the carrier sine wave; 

• t is a particular point in time during the carrier cycle
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Theory of Amplitude modulation
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Theory of Amplitude modulation
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Amplitude modulation. (a) The modulating or information signal. (b) The modulated carrier.
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Theory of Amplitude modulation

A simplified method of representing an AM high-frequency sine wave
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Theory of Amplitude modulation



• The  amplitude of the modulating signal should be less than the 

amplitude of the carrier.

• When the amplitude of the modulating signal is greater than the 

amplitude of the carrier, distortion will occur, causing incorrect 

information to be transmitted.
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Theory of Amplitude modulation



• The value of the modulating signal is added to or subtracted 

from the peak value of the carrier.
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Theory of Amplitude modulation
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Theory of Amplitude modulation

Amplitude modulator showing input and output signals.



• The circuit used for producing AM is called a modulator

• Circuits that compute the product of two analog signals are also 

known as analog multipliers, mixers, converters, product detectors, 

and phase detectors. 

• A circuit that changes a lower-frequency baseband or intelligence 

signal to a higher-frequency signal is usually called a modulator.

• A circuit used to recover the original intelligence signal from an AM 

wave is known as a detector or demodulator.
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Modulator



Modulation index
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Modulation Index

• For undistorted AM to occur, the modulating signal voltage Vm must be 

less than the carrier voltage

• The relationship between the amplitude of the modulating signal and the 

amplitude of the carrier signal is important. 

• This relationship, known as the modulation index m (also called the 

modulating factor or coefficient, or the degree of modulation), is the ratio
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Multiplying the modulation index by 100 gives the percentage of modulation.



• For example, if the carrier voltage is 9 V and the modulating signal voltage 

is 7.5 V, the modulation factor is 0.8333 and the percentage of modulation 

is 0.833 *100 = 83.33.
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Modulation Index



Over modulation and Distortion

• The modulation index should be a number between 0 and 1. If the 

amplitude of the modulating voltage is higher than the carrier voltage, m 

will be greater than 1, causing distortion of the modulated waveform

104

Distortion of the envelope caused by overmodulation where the modulating

signal amplitude Vm is greater than the carrier signal Vc.



105Amplitude Modulated Wave
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Amplitude Modulated Wave
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Side bands and frequency domain



Sidebands and the Frequency Domain

• Whenever a carrier is modulated by an information signal, new 

signals at different frequencies are generated as part of the 

process. 

• These new frequencies, which are called side frequencies, or 

sidebands

• The sidebands occur at frequencies that are the sum and 

difference of the carrier and modulating frequencies
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Sidebands and the Frequency Domain



A frequency-domain display of an AM signal (voltage)
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Frequency Spectrum
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Power distribution



Power Distribution

• The AM signal is really a composite of several signal voltages, namely, the 

carrier and the two sidebands, and each of these signals produces power in 

the antenna

• The total transmitted power PT is



Power Distribution

•

Where,  P is the output power,

V is the rms output voltage, 

R is the resistive part of the load impedance



•

Power Distribution



• Since the term Vc
2/2R is equal to the rms carrier power Pc, it can be 

factored out, giving

• formula for computing the total power in an AM signal when the carrier 

power and the percentage of modulation are known

Power Distribution



• For example, if the carrier of an AM transmitter is 1000 W and it is 

modulated 100 percent (m = 1), the total AM power is,

• Of the total power, 1000 W of it is in the carrier. 

• That leaves 500 W in both sidebands. Since the sidebands are equal in size, 

each sideband has 250 W.

Power Distribution



•

Power Distribution



• For example, for a 70 percent modulated 250 W carrier, the total power in 

the composite AM signal is:

• Of the total, 250 W is in the carrier, leaving 311.25 - 250 = 61.25 W in the 

sidebands. 

• There is 61.25/2 or 30.625 W in each sideband.

Power Distribution



Power Distribution



• When the antenna impedance is known, the output power is easily 

calculated by using the formula:

• Where,

• Here,  Ic is the unmodulated carrier current in the load, and

m is the modulation index. 

Power Distribution



• For example, the total output power of an 85 percent modulated AM 

transmitter, whose unmodulated carrier current into a 50Ω antenna load 

impedance is 10 A, is

Power Distribution



• The power in each sideband PSB



• For example, if the carrier power is 100 W, then at 100 percent modulation, 50 

W will appear in the sidebands, 25 W in each. The total transmitted power, 

then, is the sum of the carrier and sideband powers, or 150 W.

• The carrier power percentage is 100/150 = 0.667, or 66.7 percent

• The carrier itself conveys no information

• All the transmitted information is contained within the sidebands.

• One-third of the total transmitted power is allotted to the sidebands, and the 

remaining two-thirds is literally wasted on the carrier

Power Distribution



• For example, assuming a carrier power of 500 W and a modulation of 70 

percent, the power in each sideband is

• Total sideband power is 122.5 W. The carrier power, of course, remains 

unchanged at 500 W.

Power Distribution





Generation of AM



Generation of AM

• There are two types of devices in which it may be necessary to 

generate amplitude modulation.

1. Low-Level AM:-The other device is the (laboratory) AM 

generator, AM is produced at such a low power level that 

simplicity is a more important requirement than efficiency.

2. High-Level AM:-AM transmitter, generates such high powers 

that its prime requirement is efficiency, so quite complex 

means of AM generation may be used. 



• In order to generate the AM wave, it is necessary merely to apply the 

series of current pulses to a tuned (resonant) circuit

Generation of AM



Low-Level AM



Diode Modulator

• Consists of a 

✓resistive mixing network

✓ a diode Rectifier

✓LC tuned circuit



Diode Modulator



(a) Modulating signal

(b) Carrier.

. (c) Linearly mixed modulating signal

(d) Positive-going signal after diode D1

. 

(e) Am output signal.



Limitation

• The circuit works best with millivolt-level signals.



Transistor Modulator

Fig. Simple transistor modulator



Transistor Modulator

• Circuit has gain.

• Base current controls a larger collector current

• The output is a classic AM wave.



High-Level AM



High-Level AM

• In high-level AM, the modulator varies the voltage and power in the final 

RF amplifier stage of the transmitter. 

• The result is high efficiency in the RF amplifier and overall high-quality 

performance.

• Types:

1. Collector Modulator

2. Series Modulator



Collector Modulator

Figure. Low-level modulation systems use linear power amplifiers to increase the AM signal level before transmission.



Figure.  A high-level collector modulator

Collector Modulator



• The output stage of the transmitter is a high-power class C amplifier. 

• Class C amplifiers conduct for only a portion of the positive half-cycle of 

their input signal. 

• The collector current pulses cause the tuned circuit to oscillate (ring) at the 

desired output frequency. 

• The tuned circuit, therefore, reproduces the negative portion of the carrier 

signal

Collector Modulator



• The modulator is a linear power amplifier that takes the low-level 

modulating signal and amplifies it to a high-power level. 

• The modulating output signal is coupled through modulation transformer 

T1 to the class C amplifier.

• The secondary winding of the modulation transformer is connected in 

series with the collector supply voltage VCC of the class C amplifier.

Collector Modulator



• When the modulating signal occurs, the ac voltage of the modulating signal 

across the secondary of the modulation transformer is added to and subtracted 

from the dc collector supply voltage. 

• This varying supply voltage is then applied to the class C amplifier, causing the 

amplitude of the current pulses through transistor Q1 to vary. 

• As a result, the amplitude of the carrier sine wave varies in accordance with the 

modulated signal. 

• When the modulation signal goes positive, it adds to the collector supply voltage, 

thereby increasing its value and causing higher current pulses and a higher-

amplitude carrier. 

Collector Modulator



• When the modulating signal goes negative, it subtracts from the collector 

supply voltage, decreasing it. 

• For that reason, the class C amplifier current pulses are smaller, resulting in a 

lower-amplitude carrier output.

• For 100 percent modulation, the peak of the modulating signal across the 

secondary of T1 must be equal to the supply voltage.

• In practice, 100 percent modulation cannot be achieved with the high-level 

collector modulator circuit because of the transistor’s nonlinear response to 

small signals.

Collector Modulator



Disadvantage:-

• Need of a modulation transformer that connects the audio amplifier to the 

class C amplifier in the transmitter.

• The higher the power, the larger and more expensive the transformer



• Transistorized version of a collector modulator in which a 

transistor is used to replace the transformer

• This series modulator replaces the transformer with an emitter 

follower

• The modulating signal is applied to the emitter follower Q2, 

which is an audio power amplifier

Series Modulator



Series Modulator



• Using this high-level modulating scheme eliminates the need for a 

large, heavy, and expensive transformer and improves frequency 

response

• However, it is very inefficient.

• This arrangement is not practical for very high power AM, but it 

does make an effective higher-level modulator for power levels 

below about 100 W.

Series Modulator



• In order to generate the AM wave, it is necessary merely to apply the 

series of current pulses to a tuned (resonant) circuit

Generation of AM



• In order to generate the AM wave of, it is necessary merely to 

apply the series of current pulses of to a tuned (resonant) circuit

• Initiate a damped oscillations in the tuned circuit 

• Each pulse will cause a complete sine wave proportional in 

amplitude to the size of this pulse

• At least 10 times as many pulses per audio cycle are fed to a 

practical circuit

Generation of AM



• An extremely good approximation of an AM wave will result if the 

original current pulses are made proportional to the modulating voltage.

• The process is known as the flywheel effect of the tuned circuit

• In an AM transmitter, amplitude modulation can be generated at any point 

after the radio frequency source

• Naturally the end product of both systems is the same, but the transmitter 

circuit arrangements are different

Generation of AM



• If the output stage in a transmitter is plate-modulated (or  collector 

modulated in a lower-power transmitter), the system is called high-level 

modulation. 

• If modulation is applied at any other point, including some other electrode 

of the output amplifier, then so-called low-level modulation is produced

Generation of AM



FIGURE AM transmitter block diagram



Suppression of Carrier



Suppression of Carrier

• In amplitude modulation, two-thirds of the transmitted power is 

in the carrier, which itself conveys no information. 

• The real information is contained within the sidebands.

• One way to improve the efficiency of amplitude modulation is 

to suppress the carrier and eliminate one sideband. 



Suppression of Carrier

• DSB Signals:-

• Suppress the carrier, leaving the upper and lower sidebands. 

This type of signal is referred to as a double-sideband 

suppressed carrier (DSSC or DSB) signal

• Advantages: no power is wasted on the carrier.

• This signal, the algebraic sum of the two sinusoidal sidebands, 

is the signal produced when a carrier is modulated by a single-

tone sine wave information signal.



DSB Signals:-



• Carrier and two sidebands are produced in AM generation.

• Double-sideband suppressed carrier signals are generated by a 

circuit called a balanced modulator.

• The purpose of the balanced modulator is to produce the sum 

and difference frequencies but to cancel or balance out the 

carrier.

DSB Signals:-



Single-Sideband Modulation

• In DSB transmission, since the sidebands are the sum and difference of the 

carrier and modulating signals, the information is contained in both sidebands. 

• As it turns out, there is no reason to transmit both sidebands in order to 

convey the information 

• One sideband can be suppressed; the remaining sideband is called a single-

sideband suppressed carrier (SSSC or SSB) signal.

• The result is a single-sideband (SSB) signal.

• SSB is a form of AM that offers unique benefits in some types of electronic 

communication



• The primary benefit of an SSB signal is that the spectrum space it occupies is only 

one-half that of AM and DSB signals.  This greatly conserves spectrum space and 

allows more signals to be transmitted in the same frequency range.

• All the power previously devoted to the carrier and the other sideband can be 

channeled into the single sideband, producing a stronger signal that should carry 

farther and be more reliably received at greater distances. Alternatively, SSB 

transmitters can be made smaller and lighter than an equivalent AM or DSB 

transmitter because less circuitry and power are used.

• Because SSB signals occupy a narrower bandwidth, the amount of noise in the signal 

is reduced.

Single-Sideband Modulation



• There is less selective fading of an SSB signal over long distances. An AM

signal is really multiple signals, at least a carrier and two sidebands. These

are on different frequencies, so they are affected in slightly different ways

by the ionosphere and upper atmosphere, which have a great inl uence on

radio signals of less than about 50 MHz.

• The carrier and sidebands may arrive at the receiver at slightly different

times, causing a phase shift that can, in turn, cause them to add in such a

way as to cancel one another rather than add up to the original AM signal.

Such cancellation, or selective fading, is not a problem with SSB since

only one sideband is being transmitted

Single-Sideband Modulation
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Disadvantages of DSB and SSB

• The main disadvantage of DSB and SSB signals is that they are harder to 

recover, or demodulate, at the receiver

• Demodulation depends upon the carrier being present.

• If the carrier is not present, then it must be regenerated at the receiver and 

reinserted into the signal.

• To faithfully recover the intelligence signal, the reinserted carrier must have 

the same phase and frequency as those of the original carrier. 

• This is a difficult requirement.



Disadvantages of DSB and SSB

• To solve this problem, a low-level carrier signal is sometimes transmitted 

along with the two sidebands in DSB or a single sideband in SSB. 

• Because the carrier has a low power level, the essential benefits of SSB are 

retained

• Such a low-level carrier is referred to as a pilot carrier



Balanced Modulators

• A balanced modulator is a circuit that generates a DSB signal, suppressing 

the carrier and leaving only the sum and difference frequencies at the 

output.

• The output of a balanced modulator can be further processed by filters or 

phase-shifting circuitry to eliminate one of the sidebands, resulting in an 

SSB signal.



Lattice Modulators

• One of the most popular and widely used balanced modulators is the diode 

ring or lattice modulator, consisting of an input transformer T1, an output 

transformer T2, and four diodes connected in a ring. 

• The carrier signal is applied to the center taps of the input and output 

transformers, and the modulating signal is applied to the input transformer 

T1.

• The output appears across the secondary of the output transformer T2.



Lattice Modulators



Lattice Modulators

• The operation of the lattice modulator is relatively simple.

• The carrier sine wave, which is usually considerably higher in 

frequency and amplitude than the modulating signal, is used as a 

source of forward and reverse bias for the diodes. 

• The carrier turns the diodes off and on at a high rate of speed, and 

the diodes act as switches that connect the modulating signal at the 

secondary of T1 to the primary of T2.



• Working:-

• Assume that the modulating input is zero. 

• When the polarity of the carrier is positive, diodes D1 and D2 are forward-biased. 

• At this time, D3 and D4 are reverse-biased and act as open circuits. 

• Current divides equally in the upper and lower portions of the primary winding of 

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. 

• The magnetic fields thus cancel each other out. 

• No output is induced in the secondary, and the carrier is effectively suppressed.

Lattice Modulators



Lattice Modulators



• When the polarity of the carrier reverses, diodes D1 and D2 are reverse-

biased and diodes D3 and D4 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 

out. 

• The carrier is effectively balanced out, and its output is zero.

• The degree of carrier suppression depends on the degree of precision with 

which the transformers are made and the placement of the center tap:

Lattice Modulators



Lattice Modulators



Lattice Modulators

• Now assume that a low-frequency sine wave is applied to the primary of T1 as the 

modulating signal. 

• The modulating signal appears across the secondary of T1.

• The diode switches connect the secondary of T1 to the primary of T2 at different 

times depending upon the carrier polarity. 

• When the carrier polarity is positive,diodes D1 and D2 conduct and act as closed 

switches. 

• At this time, D3 and D4 are reverse-biased and are effectively not in the circuit. 

• As a result, the modulating signal at the secondary of T1 is applied to the primary 

of T2 through D1 and D2.



Lattice Modulators



Lattice Modulators

• When the carrier polarity reverses, D1 and D2 cut off and D3 and D4 

conduct. 

• Again, a portion of the modulating signal at the secondary of T1 is applied 

to the primary of T2, but this time the leads have been effectively reversed 

because of the connections of D3 and D4. 

• The result is a 180° phase reversal. 

• With this connection, if the modulating signal is positive, the output will be 

negative, and vice versa.



Lattice Modulators

• The carrier is operating at a considerably higher frequency than the 

modulating signal. 

• Therefore, the diodes switch off and on at a high rate of speed, causing 

portions of the modulating signal to be passed through the diodes at 

different times.

• The DSB signal appearing across the primary of T2.



Lattice Modulators

• The steep rise and fall of the waveform are caused by the rapid switching 

of the diodes. 

• Because of the switching action, the waveform contains harmonics of the

carrier.

• Ordinarily, the secondary of T2 is a resonant circuit as shown, and

therefore the high- frequency harmonic content is filtered out, leaving a

DSB signal.



Lattice Modulators

• Although lattice modulators can be constructed of discrete components, 

they are usually available in a single module containing the transformers 

and diodes in a sealed package.

• Another widely used balanced modulator circuit uses differential 

amplifiers. 

• A typical example, the popular 1496/1596 IC balanced modulator

• This circuit can work at carrier frequencies up to approximately 100 MHz



Generating SSB Signals: The Filter Method



Generating SSB Signals: The Filter Method

• The modulating signal, usually voice from a microphone, is applied to the 

audio amplifier, the output of which is fed to one input of a balanced 

modulator. 

• A crystal oscillator provides the carrier signal, which is also applied to the 

balanced modulator. 

• The output of the balanced modulator is a double-sideband (DSB) signal. 

• An SSB signal is produced by passing the DSB signal through a highly 

selective band pass filter that selects either the upper or lower sideband.



Generating SSB Signals: The Filter Method

• The primary requirement of the filter is that it pass only the desired sideband. 

• Filters are usually designed with a bandwidth of approximately 2.5 to 3 kHz, making them 

wide enough to pass only standard voice frequencies. 

• The sides of the filter response curve are extremely steep, providing for excellent selectivity. 

• Filters are fixed-tuned devices; i.e., the frequencies they can pass are not alterable. 

• Therefore, the carrier oscillator frequency must be chosen so that the sidebands fall within the 

filter bandpass. 

• Many commercially available filters are tuned to the 455-kHz, 3.35-MHz, or  9-MHz 

frequency ranges, although other frequencies are also used. 

• Digital signal processing (DSP) filters are also used in modern equipment.



Methods of selecting the upper or lower sideband

Two filters.



Methods of selecting the upper or lower sideband

Two carrier frequencies.



Suppression of carrier
suppression of unwanted side bands 

• https://www.youtube.com/watch?v=nK98gyZS_KE

https://www.youtube.com/watch?v=nK98gyZS_KE


AM Receivers

• Amplitude Demodulators

• Demodulators, or detectors, are circuits that accept modulated signals and 

recover the original modulating information. 

• The demodulator circuit is the key circuit in any radio receiver. 



Crystal Radio Receivers



Diode Detectors





Basic Principles of Signal Reproduction

• A communication receiver must be able to identify and select a desired 

signal from thousands of others present in the frequency spectrum 

(selectivity) and to provide sufficient amplification to recover the 

modulating signal (sensitivity). 

• A receiver with good selectivity will isolate the desired signal in the RF 

spectrum and eliminate or at least greatly attenuate all other signals. 

• A receiver with good sensitivity involves high circuit gain.



Selectivity

• Ability to select desired frequency signal is referred as Selectivity.

• Selectivity in a receiver is obtained by using tuned circuits and/or filters. 

• The LC tuned circuits provide initial selectivity; filters, which are used later in 

the process, provide additional selectivity.

• Initial selectivity in a receiver is normally obtained by using LC tuned 

circuits.  By carefully controlling the Q of the resonant circuit.

• The ideal receiver selectivity curve would have perfectly vertical sides



Selectivity



Sensitivity

• A communication receiver’s sensitivity, or ability to pick up weak 

signals, is mainly a function of overall gain

• In general, the higher the gain of a receiver, the better its sensitivity. 

• The greater gain that a receiver has, the smaller the input signal necessary 

to produce a desired level of output.

• High gain in communication receivers is obtained by using multiple 

amplification stages



The Simplest Receiver Configuration



Superheterodyne Receivers



Superheterodyne Receivers

• Superheterodyne receivers convert all incoming signals to a 

lower frequency, known as the intermediate frequency (IF)

• Amplifiers and filters is used to provide a fixed level of 

sensitivity and selectivity.

• Most of the gain and selectivity in a superheterodyne receiver 

are obtained in the IF amplifiers.



RF Amplifiers

• The antenna picks up the weak radio signal and feeds it to the 

RF amplifier, also called a low-noise amplifier (LNA). 

• Because RF amplifiers provide some initial gain and selectivity 

it is also referred to as preselectors.



Mixers and Local Oscillators

• The output of the RF amplifier is applied to the input of the 

mixer. 

• The mixer also receives an input from a local oscillator or 

frequency synthesizer. 

• The mixer output is the input signal, the local oscillator signal, 

and the sum and difference frequencies of these signals. 

• Usually a tuned circuit at the output of the mixer selects the 

difference frequency, or intermediate frequency (IF).



Mixers and Local Oscillators



IF Amplifiers

• The output of the mixer is an IF signal containing the same

modulation that appeared on the input RF signal.

• This signal is amplified by one or more IF amplifier stages, and

most of the receiver gain is obtained in these stages.

• Selective tuned circuits provide fixed selectivity



Demodulators

• The highly amplified IF signal is finally applied to the

demodulator, or detector,

• Demodulator recovers the original modulating information.

• The demodulator may be a diode detector (for AM),

• a quadrature detector (for FM), or a product detector (for SSB)



Automatic Gain Control

• The output of a demodulator is usually the original modulating 

signal, the amplitude of which is directly proportional to the 

amplitude of the received signal. 

• The recovered signal, which is usually ac, is rectified and 

filtered into a dc voltage by a circuit known as the  automatic 

gain control (AGC) circuit



Theory of frequency and 
Phase modulation



Frequency Modulation

• In FM, the carrier amplitude remains constant and the carrier frequency is 

changed by the modulating signal. 

• As the amplitude of the information signal varies, the carrier frequency shifts 

proportionately. 

• As the modulating signal amplitude increases, the carrier frequency increases. 

• If the amplitude of the modulating signal decreases, the carrier frequency 

decreases. 

• The reverse relationship can also be implemented.



Frequency Modulation

• Center Frequency (fc):- The frequency of unmodulated carrier is 

called center frequency

• Frequency  Deviation (fd): The amount of change in carrier 

frequency produced by the modulating signal is known as 

frequency deviation. 

fd = fmax- fc

= fc- fmin

• Maximum frequency deviation occurs at the maximum

amplitude of the modulating signal. 



Frequency Modulation

• Carrier Swing:- The total variation in carrier frequency from minimum to 

maximum due to frequency modulation is known as carrier swing

CS = fmax – fmin







Phase Modulation

• When the amount of phase shift of a constant-frequency carrier is 

varied in accordance with a modulating signal, the resulting output 

is a phase modulation (PM) signal

• In Phase modulation, phase of the carrier is varied in accordance 
with instantaneous value modulating signal.

• Amplitude of the modulated carrier is kept constant, while its 
phase is varied by the modulating signal.

• The greater the amplitude of modulating signal, greater the phase 
shift.

• Maximum frequency deviation occurs at the maximum
amplitude of the modulating signal. 







Modulation Index and Sidebands

• In FM, the information signal varies the frequency of the carrier

• Any modulation process produces sidebands. 

• When a constant-frequency sine wave modulates a carrier, two side 

frequencies are produced in AM. 

• The side frequencies are the sum and difference of the carrier and the 

modulating frequency. 

• In FM and PM, as in AM, sum and difference sideband frequencies are 

produced.





Modulation Index and Sidebands

• As the amplitude of the modulating signal varies, the frequency deviation 

changes. 

• The number of sidebands produced, and their amplitude and spacing, depends on 

the frequency deviation and modulating frequency

• Theoretically, the FM process produces an infinite number of upper and lower 

sidebands and, therefore, a theoretically infinitely large bandwidth

• However, in practice, only those sidebands with the largest amplitudes are 

significant in carrying the information.

• the bandwidth of an FM signal is usually much wider than that of an AM signal



Modulation Index

• The ratio of the frequency deviation to the modulating frequency is known as the 

modulation index mf 

• where fd is the frequency deviation and fm is the modulating frequency. 

• Sometimes the lowercase Greek letter delta (δ) is used instead of fd to represent 

deviation;

• then mf =δ /fm.



Modulation Index

• For example, if the maximum frequency deviation of the carrier is +12 kHz 

and the maximum modulating frequency is 2.5 kHz, the modulating index 

is mf =12/2.5 = 4.8.

• For example, in standard FM broadcasting, the maximum permitted 

frequency deviation is 75 kHz and the maximum permitted modulating 

frequency is 15 kHz. 

• This produces a modulation index mf = 75/15 = 5.



Modulation Index



FM Signal Bandwidth

• Higher the modulation index in FM, the greater the number of significant 

sidebands and the wider the bandwidth of the signal.

BW = 2 [fd x fm]



Noise and frequency modulation

• Noise is interference generated by lightning, motors, automotive ignition 

systems, and any power line switching that produces transient signals

• Such noise is typically narrow spikes of voltage with very high 

frequencies.

• They add to a signal and interfere with it.

• If the noise signals were strong enough, they could completely obliterate 

the information signal.



Noise and frequency modulation



Noise and frequency modulation

• FM signals, however, have a constant modulated carrier amplitude, and FM 

receivers contain limiter circuits that deliberately restrict the amplitude of the 

received signal.

• Any amplitude variations occurring on the FM signal are effectively clipped 

off.

• This does not affect the information content of the FM signal, since it is 

contained solely within the frequency variations of the carrier. 

• Because of the clipping action of the limiter circuits, noise is almost 

completely eliminated.



Noise and frequency modulation

• one of the primary benefits of FM over AM is its superior noise immunity.

• The process of demodulating or recovering an FM signal actually  

suppresses noise and improves the signal-to-noise ratio.



Generation of FM

• A frequency modulator is a circuit that varies carrier frequency in accordance 

with the modulating signal.

• The carrier is generated by either an LC or a crystal oscillator circuit

• In an LC oscillator, the carrier frequency is fixed by the values of the 

inductance and capacitance in a tuned circuit, and the carrier frequency can 

therefore be changed by varying either inductance or capacitance.

• Varactor Diode:- Also known as a voltage variable capacitor, variable 

capacitance diode, or varicap, this device is basically a semiconductor 

junction diode operated in a reverse-bias mode



Varactor Operation



Varactor Operation





Generation of FM

• The capacitance of varactor diode D1 and L1 forms the parallel-tuned 

circuit of the oscillator. 

• The value of C1 is made very large at the operating frequency so that its 

reactance is very low

• Also C1 blocks the dc bias on the base of Q1 from being shorted to ground 

through L1. 

• The values of L1 and D1 fix the center carrier frequency.



Generation of FM

• The capacitance of D1 is controlled in two ways, through a fixed dc bias and by 

the modulating signal.

• D1 is set by the voltage divider potentiometer R4. Varying R4 allows the center 

carrier frequency to be adjusted over a narrow range. 

• The modulating signal is applied through C5 and the radio frequency choke 

(RFC);

• C5 is a blocking capacitor that keeps the dc Varactor bias out of the modulating-

signal circuits. 

• The reactance of the RFC is high at the carrier frequency to prevent the carrier 

signal from getting back into the audio modulating-signal circuits.



Generation of FM

• The modulating signal derived from the microphone is amplified and applied to 

the modulator. 

• As the modulating signal varies, it adds to and subtracts from the fixed-bias 

voltage. 

• Thus, the effective voltage applied to D1 causes its capacitance to vary. 

• This, in turn, produces the desired deviation of the carrier frequency. 

• A positive- going signal at point A adds to the reverse bias, decreasing the 

capacitance and increasing the carrier frequency. 

• A negative-going signal at A subtracts from the bias, increasing the capacitance 

and decreasing the carrier frequency.





Generation of FM using VCO



FM Receivers

• Frequency Demodulators:

• Any circuit that will convert a frequency variation in the carrier back to a 

proportional voltage variation can be used to demodulate or detect FM 

signals. 

• Circuits used to recover the original modulating signal from an FM 

transmission are called demodulators, detectors, or discriminators.



FM Receivers

• Slope Detectors

• Balanced Slope Detectors

• Phase Shift Discriminator



Slope Detectors

• The slope detector circuit consists of an ordinary resonant circuit followed by 

linear diode detector. 

• The resonant circuit is tuned to a frequency slightly different from the carrier 

frequency. 

• As the carrier frequency in FM signal varies, the current in the tuned circuit 

varies. 

• It increases as the applied frequency approaches the resonant frequency of the 

circuit and decreases if the applied frequency decreases from the resonant 

frequency 





• Drawbacks 

1. The side of the resonance curve is not linear, so the AM output is 

distorted. 

2. If the applied input voltage is varied, then the output also varies. 

Slope Detectors



Balanced Slope Detectors

• The circuit of staggered tuned discriminator is an extension of 

single tuned discriminator circuit. 

• It uses two slope detector circuits. 

• Using two slope detector circuits, it removes the first drawback 

of single tuned discriminator circuit.



Balanced Slope Detectors



Balanced Slope Detectors

• The non- linearity of each tuned circuit is cancelled by the other and hence the 

circuit is known as balanced slope detector. 

• With proper adjustment of circuit constant and if the frequency deviation is 

limited to the range between fl and f2, the rectified potential is linear function of 

applied frequency. 

• Limitations:

• Although the balanced slope detector is more efficient than slope detector, it is 

difficult to align because there are now three different frequencies to which 

various tuned circuits of the transformer must be adjusted. 

• Amplitude limiting is still not provided by the circuit. 



Phase Shift Discriminator

• The Foster-Seeley discriminator, named after scientists, recovers the 

modulating voltage from the frequency modulated signal by using the fact 

that there is phase angle shift between primary and secondary voltages of a 

tuned transformer. 

• Since, circuit works on the phase angle variation, it is also known as phase 

shift discriminator. 



Phase Shift Discriminator

• The circuit uses a double tuned circuit in which both the primary and 

secondary are tuned to the same frequency; carrier or center frequency and 

hence the name center tuned. 

• The center of the secondary is connected through a coupling capacitor Cc 

to the primary tuned circuit. The condenser Cc blocks the D.C. voltage 

from the secondary system. 



Phase Shift Discriminator



Phase Shift Discriminator

• Thus, output negative, zero or positive depends upon the applied 

frequency, that is, circuit generates output voltage which is function of 

input frequency. 

• The phase discriminator is much easier to align than the slope detector and 

linearity is also possible. 



F.M. receiver

• The F.M. receiver is basically a superheterodyne receiver, similar to AM 

receiver. 

• However it differs from A.M. receiver with respect to following points

1. A.M. receiver operates in MW and SW bands, while F.M. receiver operates at 

much higher frequencies viz. 88 MHz to 108 MHz.

2. Limiter and de-emphasis circuits are required only in FM receiver. 

3. The technique of demodulating F.M. signal is different from detection of 

4. A.M. signal. F.M. receiver uses different methods of obtaining AGC. 





R.F. Amplifier Stage

• Since F.M. signal has a larger bandwidth it is likely to encounter more 

noise. 

• Hence to reduce the noise figure of the receiver, an RF amplifier stage is 

used. 

• The RF amplifier stage matches the antenna to the receiver. 



Mixer Stage

• With the help of local oscillator, this stage down converts the incoming carrier 

frequency to I.F., which is 10.7 MHz for F.M. receiver. 

• The local oscillator is usually the Clapp oscillator, suitable for VHF operation. 

• Maintaining a constant difference between the carrier frequency and local 

oscillator frequency is not a problem in FM receiver unlike in an AM receiver. 

• Compared to A.M. receiver, tuning range of incoming carrier frequencies for 

FM receiver is small, from 88 MHz to 108 MHz, i.e. about 1.25 : 1. 

• Thus the tracking is comparatively easy in FM receiver. 



I.F. Amplifier Stage

• In the I.F. amplifier stages, the most of the gain of receiver is developed.

• The intermediate frequency and bandwidth requirements are normally 

much larger than in AM receiver. 

• The typical values, for an F.M. receiver operating in FM band from 88 

MHz to 108 MHz are 10.7 MHz for I.F. and 200 kHz for bandwidth. 



Limiter

• To remove the amplitude variations of the signal is the main 

function of the limiter. 

• At the output of the limiter state, we get a constant amplitude 

signal, even though the amplitude of input signal may be 

varying.

• The limiter is thus basically a clipper circuit which clips off the 

undesired amplitude variations of the input 



Use of AGC and Double Limiting

• Sometimes it is quite practicable that average input signal 

amplitude may lie outside the limiting range. 

• As a result, further limiting becomes necessary. 

• The solution for this is the use of double limiter consisting two 

amplitude limiters in cascade. 

• This gives satisfactory limiting range. 



Use of AGC and Double Limiting

• An alternative to the use of second limiter is automatic gain control. 

• The AGC ensures, by reducing the gain for higher signal strengths, that the 

signal applied to the limiter input is within the limiting range of the limiter. 

• This also prevents the overloading of the last IF amplifier stage. 



Summary

• Communication systems 

• Modulation

• Bandwidth requirements

• External and Internal noise

• Noise figure 

• Theory of Amplitude modulation

• Modulation index



Summary

• Side bands and frequency domain 

• Power distribution

• Generation of AM

• Suppression of carrier, suppression of unwanted side bands, Extensions of 

SSB, AM receivers 

• Theory of frequency and Phase modulation, 

• Sidebands and modulation index, Noise and frequency modulation, 

Generation of FM, FM receivers 
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