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If x (t) = sin (mt), then: 

 

Output signal = sin (mt) * sin (0t) = 0.5 * [ cos ((0 - m)t) - cos ((0 + m)t) ]  

 

 Double sideband, suppressed carrier (DSB / SC) 

 Bandwidth: double of the baseband bandwidth 

 

In general: 

The spectrum of the modulating signal appears above and below the carrier 
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Demodulation of a DSB / SC signal: 

Problem: the envelope contains the absolute value of the modulating signal 

 Solution: coherent demodulator  

 Requires sophisticated circuits (carrier recovery stage (PLL), multiplier, etc.); in practice, a very small 

proportion of the carrier is also transmitted to help the receiver to synchronize 

 Expensive receiver 

 

Demodulation:   

( sin (mt) * sin (0t) ) * sin (0t) = 0.5 * [ 1 - cos (20t) ] * sin (mt) 

After low-pass filtering (LPF): 

Output signal = 0.5 * sin (mt) 

Input signal  

sin (mt) * sin (0t) 

~ 

Local Oscillator (LO) 

sin (0t) 

Must be synchronized  

to the carrier! 
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If x (t) = Am * sin (mt) and the carrier’s amplitude is Ac, 

then: 

 

Output signal = Am* sin (mt) * sin (0t) + Ac sin (0t) =  

0.5 * Am* [ cos ((0 - m)t) - cos ((0 + m)t) ] +  

Ac * sin (0t)  

 

 Double sideband, non-suppressed carrier (DSB) 

 Modulation depth: m = Am / Ac 

 If m= 100% AND the modulating signal is a sine wave, 

then the two sidebands are 6 dB below the carrier 

 

In general: 

The spectrum of the modulating signal appears above and 

below the carrier + the carrier also has power 

~ 
Local Oscillator (LO) 

sin (0t) 

Input signal 

(amplitude: Am) 

x (t) 

 

sin (0t) * x (t) 

Multiplier 

(mixer) 

Output signal 

sin (0t) * x (t) + sin (0t)  

Am + Ac 

Ac - Am 
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     0.5*m*Ac      0.5*m*Ac 

Ac 

Receiver simplification: ”conventional” AM 

Amplitude: 

Am 

Amplitude: 

Ac 

Amplitude: 

unity 



 The envelope of the MODULATED signal swings around the 

envelope of the (unmodulated) carrier  

 

 Demodulation: rectification (either the positive or the 

negative envelope is rectified) 

Time

A
m

p
li
tu

d
e

Simple receiver: envelope detector 

Input signal 

(from antenna) 

unmodulated 

carrier’s envelope 

unmodulated 

carrier’s envelope 

Am + Ac 

Ac - Am 

- Am - Ac 

- Ac + Am 

Output amplitude: Am 



 

The most commonly used (and hystorically the first) version: double-

sideband (non-suppressed carrier): DSB  

 

 

 

 

Double-sideband, suppressed carrier: DSB-SC 

 In practice a small proportion of the carrier is transferred to help the 

receiver to synchronize 

 

 

Single sideband, suppressed carrier (upper sideband): SSB-SC / USB 

 saves bandwidth (one sideband already contains the whole 

information)  

 also requires a coherent receiver  

 In practice a small proportion of the carrier is transferred to help the 

receiver to synchronize 

 

 

Single sideband, suppressed carrier (lower sideband): SSB / LSB 

 saves bandwidth (one sideband already contains the whole 

information)  

 also requires a coherent receiver  

 In practice a small proportion of the carrier is transferred to help the 

receiver to synchronize 

AM ”variants” 
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In general, (nearly) every circuit degrades the signal-to-noise ratio (SNR) of a signal passing through it 

 

Concept: theoretical analysis of the SNR before and after the demodulator and determining their ratio, 

assuming that 

 the input signal has a relatively good SNR (> 25 dB, i.e. the receiver is not close to failure) 

 the demodulator itself is ideal (has no distortion and noise) 

Demodulation analysis: demodulation gain 

Input signal (RF from antenna) 

 

SNRin 

Output signal (baseband) 

 

SNRout 

 

Demodulator 

 



Case 1: AM-DSB transmission demodulated with conventional envelope detector 

0 - m   0 + m   

Ac 

Input Output signal (baseband) 

 

Demodulator 

 0.5*m*Ac 0.5*m*Ac 

Noise 

Total bandwidth:  

B = 2 m 

   m   

m*Ac 

Noise 

Total bandwidth:  

B = m, but the envelope 

detector transfers noise 

from both sidebands 

0 Hz   

ampl.   

Input Output 

Signal power Ac
2
 + 2 * (0.5mAc)

2 (mAc)
2 

Noise power (2fm) * k * T 2 * (fm* k * T) 

SNRout 

SNRin 

    m2 

1 + m2/2  
= 

• Always < 1  always 

degrades 

• Best case when m = 1 

(100% modulation depth) 

 2/3  



Case 2: AM-DSB / SC transmission demodulated with coherent receiver 

0 - m   0 + m   

Ac: neglected 

Input Output signal (baseband) 

 

Demodulator 

 0.5*Am 0.5*Am 

Noise 

Total bandwidth:  

B = 2 m 

SNRout 

   m   

2 * 0.5*(0.5*Am) 

Noise 

Total bandwidth: B = m,  

The coherent detector halves the 

elementary noise amplitudes   

quarters the noise power, but 

transfers from both sidebands 

Noise power = 2 * (0.25*m*k*T) 

0 Hz   

ampl.   

Input Output 

Signal power 2 * (0.5Am)2 0.25*Am
2 

Noise power (2fm) * k * T 0.5 * fm * k * T 

SNRin 

    2  = 
• Theoretical improvement! 

• More complicated receiver, 

but better performance! 



Further cases without deduction: 

 

 

Case 3: AM-DSB (non-suppressed carrier), demodulated with coherent demodulator 

 

Possible, but                                                     , like in case of the envelope detector  it doesn’t make sense to demodulate a non-

              suppressed carrier transmission with a coherent receiver 

 

 

 

 

Case 4: AM-SSB / SC (LSB or USB, suppressed carrier), demodulated with coherent 

demodulator 
 

 

                           , i.e. worse than the DSB/SC but still better than the non-suppressed carrier transmission 

SNRout 

SNRin 

    m2 

1 + m2/2  
= 

SNRout 

SNRin 

= 1 



Transfer of two independent signals simultaneously on the same frequency: QAM 

Quadrature Amplitude Modulation (QAM) = Vector Modulation 

QAM output: 

A * sin (0t) + B * cos (0t) 

AM-DSB / SC consisting of  

two components 

~ 

sin (0t) 

Local Oscillator (LO) 

Input signal  

”A” 

 

Multiplier 

(mixer) 

90o 

Input signal  

”B” 

 
Multiplier 

(mixer) 

Phase shifter 

cos (0t) 

A * sin (0t) 

B * cos (0t) 



Transfer of two independent signals simultaneously on the same frequency: QAM 

Demodulation: coherent detection on two parallel branches (requires carrier recovery) 

Low-pass  

filter (LPF) 

QAM input: 

A * sin (0t) + B * cos (0t) 

~ 

sin (0t) 

Local Oscillator (LO) 

= recovered carrier  

(e.g. with PLL) 

Output signal  

”A” / 2 

Multiplier 

(mixer) 

90o 

Output signal  

”B” / 2 

Multiplier 

(mixer) 

Phase shifter 

cos (0t) 

sin (0t) * [A * sin (0t) + B * cos (0t) ] 

Splitter 

Low-pass  

filter (LPF) 

cos (0t) * [A * sin (0t) + B * cos (0t) ] 



Special case: generation of SSB transmission with a QAM modulator 

Input signal  

e.g. sin (mt) 

 

~ 

sin (0t) 

Local Oscillator (LO) 

Multiplier 

(mixer) 

90o 

Multiplier 

(mixer) 

Phase shifter 

cos (0t) 

sin (0t) * sin (mt) = 0.5 * [ cos ((0 - m)t) - cos ((0 + m)t) ]  

90o 

Baseband phase shifter, 

shifting 90o on every 

frequency with a flat 

amplitude response 

(Hilbert transform) 

cos (0t) * cos (mt) = 0.5 * [ cos ((0 + m)t) + cos ((0 - m)t) ]  

 

Output signal: 

1. If the two branches are added: 

cos ((0 - m)t)  LSB 

2. If the two branches are subtracted 

from each other: 

cos ((0 + m)t)  USB 

 



FM 









Demodulation gain: FM transmission demodulated with discriminator (slope 

detector) 

In general, (nearly) every circuit degrades the signal-to-noise ratio (SNR) of a signal passing through it 

 

Concept: theoretical analysis of the SNR before and after the demodulator and determining their ratio, 

assuming that 

 the input signal has a relatively good SNR (> 25 dB, i.e. the receiver is not close to failure) 

 the demodulator itself is ideal (has no distortion and noise) 

Input signal (RF from antenna) 

 

SNRin 

Output signal (baseband) 

 

SNRout 

 

Demodulator 

 



Demodulation gain: FM transmission demodulated with discriminator (slope 

detector) 

Ac : constant 

Input Output 

Demodulator 

 

 

Noise 

Total bandwidth:  

B = 2 * (fD + fmod) 

   
fmod   

K*fD 

Noise 

Total bandwidth: fmod,  

Noise voltage (f): K * f 

Noise power density: K2 * f2 

Total noise power: 

 

0 Hz   

ampl.   

Input Output 

Signal power Ac
2 K2 * fD

2 

Noise power 2* (fD+ fm) * k * T 

SNRout 

SNRin 

    fD
2  (fD + fmod) 

 

fmod
3  

= 

Vout = K * fin 

Const. * 

• For NBFM (fD << fmod):  

 

 

• For WBFM (fD >> fmod): 

fD
2  

fmod
2 

fD
3  

fmod
3 

>> 1 

<< 1 



Noise and demodulation gain in practice 



Noise and demodulation gain in practice 



Noise and demodulation gain in practice 




