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CLASS 9
CHAPTER 4 AMPLITUDE (LINEAR) MODULATION

4.1 BASEBAND AND CARRIER COMMUNICATION
Baseband is the band of frequencies of the signal delivered by the source or input transducer.
Communication that uses modulation to shift the frequency spectrum of a signal is known as carrier communication. AM, FM and PM, the last two are called angle modulation.
4.2 AMPLITUDE MODULATION: DOUBLE SIDE BAND (DSB)

· Modulating signal, base band signal, information signal: 
[image: image1.wmf])
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· Carrier signal: 
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Modulation is the product of the base band with the carrier. 
[image: image7.wmf])
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. With Spectrum the convolution of both spectra.
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The result is
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In this type of modulation the amplitude (A) of the carrier 
[image: image12.wmf])
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 is varied in proportion to the base band (message) signal m(t) or modulating signal. If the carrier amplitude A is made directly proportional to the modulating signal the modulated signal is 
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This simply shifts the spectrum of the modulating signal as:
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Upper Sideband and Lower Sideband. This modulation suppressed the carrier, so it is called DSB-SC modulation.
If the bandwidth of the modulating signal is B we have to make 
[image: image16.wmf]B
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 in order to avoid overlap and not losing information of the modulating signal.
Demodulation
To recover the signal we have to retranslate the spectrum to its original location. This is called demodulation or detection.
To demodulate we multiply the signal by a 
[image: image17.wmf])
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Therefore the FT of this signal is
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If we lowpass filter this signal we recover 
[image: image20.wmf])
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We need a carrier of exactly the same frequency and phase as the carrier used for modulation: Synchronous Detection or Coherent Detection.
Modulators

Different categories of modulators
Multiplier Modulators: Modulation is achieved directly by multiplying the modulating signal by the carrier as 
[image: image21.wmf])
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 using an analog multiplier whose output is proportional to the product of two input signals. This is difficult to maintain linearity in this kind of amplifier, and they tend to be expensive.
Nonlinear Modulators: Let the IO characteristic of a system to be
[image: image22.wmf])
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. If we connect two of them like the figure 4.3 we have the output 
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With 
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We obtain 
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If we pass the signal though a BPF centered at 
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we will get the modulated signal (filtering out 
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Switching Modulators: In this case we multiply the modulating signal by any periodic signal of frequency
[image: image30.wmf]c
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Then 
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The first kind of switching modulators is for a square pulse train:
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Then
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If this signal is passed trough a BPF centered at 
[image: image35.wmf]c
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 we get our modulated signal.

One of these switching devices is the diode-bridge modulator. This device can be in series with the modulating signal or in parallel. Series Bridge Diode Modulator or Shunt Bridge Diode Modulator
The desired signal after the BPF is
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Ring Modulator.

This is the second kind of switching modulators, in this case the square wave is bipolar, or with no offset (DC=0): 
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Then
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The desired signal after the BPF is 
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The input of the BPF does not contain any of the original input signals, therefore this is an example of a double balanced modulator
CLASS 10
EXAMPLE 4.1 For a baseband signal 
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, find the DSB-SC signal and sketch its spectrum. Identify the USB and the LSB. Verify that the baseband signal can be recovered by a demodulator
The DSB-SC signal is the multiplication of 
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Its spectrum is the convolution of the spectra 
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In this particular case 
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Thefefore the Spectrum of the modulated signal 
[image: image47.wmf])
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Because of the delta properties 
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rearranging
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Thefefore the spectrum is four deltas with stress 1/4 all of them. Located at frequencies:
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EXAMPLE 4.2 Frequency Mixer or converter. We wanted to change the modulated signal from 
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Down conversion if we select 
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Up conversion if we select 
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Demodulation of DSB-SC Signals
If to all modulators explained before we change the BPF to a LPF they can be used as demodulators. The receiver must generate a carrier in phase and frequency synchronism with the incoming carrier. These demodulators are called synchronous or coherent or homodyne demodulators.
4.3 AMPLITUDE MODULATION (Transmitted Carrier DSB-TC)
In this case we send the carrier with the signal. This allows a less sophisticated receiver although the broadcasting station has to transmit more power.
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We can think as the modulating signal to be
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The spectrum of this signal is
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This is the same as DSB-SC with the modulating signal as
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 and fill it with the carrier we have to cases:
1 A is large enough that
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2 A is not large enough that 
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 all the time. We have rectification.
Pay attention, if when DSC-SC m(t) is always positive, we have the same situation here and we can use a simple envelope detector to obtain the modulating signal at the receiver.
Let’s consider the peak value of 
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We define the modulation index as 
[image: image78.wmf]A

m

p

=

m

 Therefore we can see that if we want to maintain the condition 
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When 
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EXAMPLE 4.4 Tone modulation and under modulation.
Sketch 
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CLASS 11
Sideband and Carrier Power
The advantage of envelope detection in AM has its price
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The carrier Power is
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The sideband power is the useful power and the Carrier Power is the power wasted for convenience. The total power is the sum of them. We define the Power Efficiency as
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For the special case of tone modulation. 
The power of 
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The max value when 
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(100% modulation) is 
[image: image100.wmf]%

33

=

h


Therefore under best conditions only one third of the transmitted power is used to carry the message. In fact the efficiency is of 25% or lower.
In this case of tone modulation we have:
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Then:
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EXAMPLE 4.5 Determine the 
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 and the percentage of the total power carried by the sidebands of the AM wave for tone modulation with a) 
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Generation of AM Signals
Any DSB-SC modulators are valid if the modulating signal is 
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Because the carrier does not need to be suppressed, we do not need balanced circuits. 
The modulators are then very simple.
Switching modulator

The input is 
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 with c>>m(t) so the switching action does not depends on m(t)
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Demodulation of AM Signals
We do not need a local generated carrier in this case. If we have undermodulation we have
1) rectifier detection
2) envelope detection

Rectifier detector: diode and resistor circuit. The negative part of the AM is supressed. This is like saying that we have half wave rectified the AM. Mathematically:
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If we pass this voltage thru a LPF we get 
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If we use a capacitor, we block the DC and we obtain
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Envelope detector: Just a diode and a capacitor to maintain the amplitude over half cycle of the carrier signal. RC should be large compared to 
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 we accomplish this easily.
The envelope detector output is 
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 with a ripple of frequency
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4.4 QUADRATURE AMPLITUDE MODULATION (QAM)
DSB signals occupy twice the bandwidth required for the base band. This disadvantage can be overcome by transmitting two DSB signals using carriers of the same frequency but in phase quadrature.
The modulated signal is:


[image: image124.wmf]t

t

m

t

t

m

c

c

QAM

w

w

j

sin

)

(

cos

)

(

2

1

+

=


Using two local carriers in synchronous quadrature we obtain both signals.
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similarly the output of the lower branch can be shown to be 
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A slight error in phase leads to distortion and mixing of signals.
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CLASS 12
4.8 SUPERHETERODYNE AM RECEIVER
The radio receiver used in TC-AM is called the super heterodyne receiver.
It consists of an RF section, a frequency converter, an intermediate frequency IF amplifier, and envelope detector and an audio amplifier.
The RF section is a tunable filter and amplifier that picks the station.
The next section is a frequency mixer or converter and it converts the carrier to a fixed IF frequency of
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Up Conversion.
This has an advantage; the intermediate frequency is always 
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. This frequency is low and therefore we can build sharp BPF of BW 10 KHz which is twice the BW of the voice. The higher the frequency the more difficult to do this.
All the selectivity is done at the IF section, the RF section is only used to eliminate the image frequency.

Lets see an example, if the incoming carrier is
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 apart are called image stations. And will appear at the output of the IF if not rejected well by the RF section.
The RF section has then to be able to filter frequencies 910 kHz apart very well to avoid this effect.
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 After filtering
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If the incoming signal has the image frequency
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 After filtering
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Reason of using Upconversion instead of Downconversion.

The AM goes from 550 kHz t 1600 kHz. The upconversion 
[image: image149.wmf]LO
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 goes then from 550 + 455=1005 to 2055 kHz. This is a ratio of 2.045
This is much better than down conversion, in down conversion the 
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 would go from 95 KHz to 1145 kHz. This gives us a ratio of 12.05. It is much easier to design an oscillator that is tunable over a smaller frequency ratio.
Before this, the AM radio stations had to be more separated, and then there was much less stations available in the same bandwidth.
CLASS 13
4.5 AMPLITUDE MODULATION: SINGLE SIDEBAND (SSB)

The DSB spectrum has two sidebands. The USB and the LSB. A scheme in which only one sideband is transmitted is know as the SSB transmission.

An SSB signal can be coherently (synchronous) demodulated. Then with a LPF can be obtained the base band signal. We are not sending the carrier so we are talking here as SSB-SC.

Time-Domain Representation of SSB Signals

A signal with Single Band it is not real. It is a complex signal.
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Where 
[image: image153.wmf])

(

t

m

h

 is unknown. It can be proved that

[image: image154.wmf]ò

¥

¥

-

-

=

a

a

a

p

d

t

m

t

m

h

)

(

1

)

(

 This is the Hilbert transform of m(t).
We can Hilbert transform m(t) if we pass it through a filter with 
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Generation of SSB Signals

Two methods, one uses sharp cutoff filters to eliminate the undesired sideband (but the signal has to have 0 dc), and the second uses phase-shifting networks.
Demodulation of SSB-SC Signals NO
Envelope Detection of SSB Signals with a Carrier SSB+C

In this case, we are not going to prove but we need 
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Telephone-Channel Multiplexing
Until recently, almost all long-haul phone channels were multiplexed by FDM using SSB signals. This technique standardized by the CCITT provides considerable flexibility.
A basic group consist in 12 FDM multiplexed SSB voice channels. Each of B=4 kHz.
A basic group uses LSB spectra and occupies a band of 60 to 108 kHz.
An alternate group configuration of 12 USB voice signals, ocupying a band of 148kHz to 196kHz is also used.
A basic supergroup of 60 channels is formed by multiplexing five basic groups and it occupies a band of 312 to 552kHz. An alternate supergroup using USB spectra occupies a band of 60 to 300kHz.
A basic mastergroup of 600 channels is formed by multiplexing 10 supergroups. There are two standard mastergroup configurations L600 and U600.
Modern broad-band transmissions systems can transmit even larger groupings than master groups.

4.6 AM: VESTIGIAL SIDEBAND (VSB)
SSB generation is rather difficult. The selective filtering method demands dc null in the modulating signal. The phase shifter is realizable only approximately.
A VSB is a compromise between DSB and SSB. Inherits the advantage of DSB and SSB but avoids their disadvantages at small cost.
In VSB instead of rejecting one sideband completely, we do a gradual cutoff of one sideband. It can be detected with a synchronous detector in conjunction with an appropiate filter at the receiver output. If a carrier is sent along the transmission, the VSB can be recovered by an envelope or a rectifier detector.
Because the VSB is not a SSB, the bandwidth is 25 to 33% larger only.
Generation of VSB is done by multiplying 
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Envelope Detection of VSB+C Signals

SSB+C require a much larger carrier than DSB+C or TC-DSB for envelope detection. Because VSB+C is an in between case, the added carrier required is larger than in TC-DSB-AM but smaller than in SSB+C.
Use of VSB in Broadcast TV. NO
Linearity of Amplitude Modulation
In all types of AM discussed before, linearity is satisfied.
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 produces the modulated signal 
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Because any signal can be expressed as a sum of sinusoids, the complete description of the modulation system can be expressed in terms of tone modulation.
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This shows that DSB-SC translated a frequency wm to two frequencies 
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4.7 CARRIER ADQUISITION
In SC transmissions, we have to generate a carrier with the same frequency and phase that the carrier at the emitter.

Consider the case of DSB-SC where a received signal is 
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 and the local carrier is 
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 therefore we have errors in frequency and phase.
The product of the received signal and the local carrier is
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After the LPF we have
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Let’s consider two cases. First 
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 The output is proportional to 
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[image: image177.wmf]0

=

d

 and minimum (zero) when 
[image: image178.wmf]2

p

d

±

=

 Thus, this kind of phenomenon only attenuates the output without adding distortion.
Unfortunately delta is not constant. This may occur for example because of variations in the propagation path. Then 
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Let’s consider the second case 
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The output is distorted as well. Because 
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is small, the output is 
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 multiplied by a low frequency oscillation. This beating is catastrophic even for a small frequency.
To ensure identical carrier frequencies at the emitter and receiver we can use crystal oscillators.

Other method is to send a carrier or pilot at a reduced level along with the sidebands. Then is filtered at the receiver with a very narrow filter.
PLL: Phase Locked Loop

The PLL can be used to track the phase and frequency of the carrier component of an incoming signal. It is then useful for synchronous demodulation of AM signals with suppressed carrier or with a pilot.
PLL has three basic components:

1. A VCO or Voltage Controlled Oscillator

2. A multiplier, serving as a phase detector PD or a phase comparator
3. a loop filter H(s)
[image: image185.png]Figure 6-12 PLL block diagram.
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As a feedback system, the signal fed back tends to follow the input signal to minimize the error. The quantity to compare is the phase in this case.
The VCO oscillates linearly with the input voltage.
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Where “c” is a constant and 
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 is the free running frequency of the VCO. This is the one when the input signal is zero.
Let be the input
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The multiplier output 
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The filter is a low pass narrow filter therefore the error signal is
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For small 
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 the error is linear with the angle 
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Let’s suppose the PLL is locked. Then the phase before the multiplicator is the same. And the error signal is zero.
We have two cases: Input frequency changes or phase changes.
If the input frequency is changed, the input changes to 
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Because this 
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The VCO increases the frequency because the input voltage increased to match the increase in the input frequency.
If the input frequency decreases the same reasoning applyes.

The PLL tracks the input sinusoid. The two signals are said to be phase coherent or in phase lock 
A PLL tracks the incoming frequency only over a finite range of frequency shift. This range is called the hold-in or locks range. Moreover, initially the input and output frequencies should be close enough. This frequency range is called the pull-in or capture range.
The preceding analysis is also valid if the input phase changes as well. If the input sinusoid is noisy. The PLL not only tracks the sinusoid but also cleans it up.
PLL can also be used as an FM demodulator and frequency synthesizer. Also can be used as frequency multipliers and dividers.
It is used as well in space vehicles, because of the Doppler effect that can be eliminated.
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