Amplitude Modulation:
Single Sideband (SSB)
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Single Side Band AM
Q:What is Single Side Band AM!?

Looking at the power spectrum of an DSB we notice that:

PAV
a

Power Spectrum

2 EENG 372:Topic |:Amplitude Modulation Dr. Sana Almansoori 10/25/20



Single Side Band AM

Q:What is Single Side Band AM?
This is the power spectrum of an AM SSB signal:

Power Spectrum

3 EENG 372:Topic |:Amplitude Modulation Dr. Sana Almansoori

10/25/20



Single Side Band AM
Q:What is SSB in the Time Domain?

Vsr-scF) =280 = fusn) + 6CF + fysp) 2 [5<Mfm>]

Va1 =250 = fusa) + 50 + fus)

v
Vs (£) = 7’” COS(27 fusp 1)

Vg (1) = %COSQ” (f.+/.)0)
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Single Side Band AM
Q:What is Single Side Band AM in the Time Domain?

I

modulating (message) signal

For tone modulation: ;
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SSB spectrum

Exercise:
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Amplitude Spectrum
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Amplitude Modulation:
Generation DSB-TC
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Generation DSB-TC
Vo, (8)=V cosQx f.t)+V (¢t)cos(2x [, t)

v (t) Y ()

s

v, (2)



Generation DSB-TC

Q: How is a DSB-TC signal generated!?
Using a modulator system.

In general to modulate mean mixing frequencies to get a
different frequency.

A linear system will not do that for us:

— —

We need nonlinear systems to modulate
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Generation DSB-LC
Q:What is an AM modulator?

Square Law Modulator
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Square Law Modulator

Q:What is a square law modulator?

Ve ()
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Square Law Modulator

Q:What is a square law modulator?

W) =v, ) +v()

vi(t)=v, (t)+V, cos(2xr f.t)

V) (t) =da, +a,v (t) + a2V12 (t) T 613\/13 (t) +.....

2
v,(t) = a,+av,(t)+a,v, (1)
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Square Law Modulator

Q:What is output of the nonlinear device!?

v,()=a,+a|v, ()+V.cosr f.O)]+a,lv ()+V.cosQx f.)]

v,(t)=a,+ayv, (t)+aV, cos(2x f.t)
+2a,v (W, cos(2r f.t)+a,|v ()] +a,V? cos>(2x f.t)

v,(t)=a,+ayv, (t)+aV, cos(2x f.t)

2
a,V,

+2a,v (t)V, cos(2x f.t)+a, [vm (t)]2 + [1 +cos(4rx fct)]
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Square Law Modulator

Q:What is output of the nonlinear device in the frequency
domain?

2
an

}5(f)+alV (f)

[5(f—2fc)+5(f+2fc)]

+2a,V, (f)*—= [5(f S+ + )+ a0, ()Y, () + =

%ZVC 15(f)+a1Vm )+

Vz(f)={ao+ ale" 6/ = £)+6(f + /)]

B (50 ~21)+ 50 +21))

aV [V, (f = £)+V, (f + )l @V, (1) 5V, (f)+

=+
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Square Law Modulator

Q:Assuming the spectrum of the information signal, draw

the V,(f). V.(f) 1
 f
W W
Vo(f) &
A /,” “\x\\‘ N Il,/’—_ atS \ A
_= s | S A T
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Amplitude Modulation:
Generation DSB-SC
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Generation DSB-SC
Vpsgsc (@) =v, (1) cos2r f. 1)

Voss-se N =V (N #1507 = £)+8(7 = £)]
Vosa-se N =5 Va (=) +V, (7= £)]

v, (1) C Vpss_sc (£)

v, (?)



Generation DSB-SC

Q:What is a DSB-SC modulator?
Balanced Bridge Modulator
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Balanced Bridge Modulator

Q:What is a square law modulator for DSB-SC!?

x, (¢)

(1)

V, (1)

Vpsa_sc (£)
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Balanced Bridge Modulator

Q:What is a square law modulator?

x,(t)=v.(@t)+v (t)=V cosx ft)+v (1)
X, (6)=v (t)=v, )=V cos(2x f.t1)=v, (1)

v, (1) = a, +ax,(t)+a,x,” () + ax, (£) + ...
Vo (t) = d, + a,x, (t) + a2x22 (t) + a3x23 (t) +.....

n()=ay+ax )+ a2x12 ) »,(t) = a,+ax,(t)+ azxzz(t)
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Balanced Bridge Modulator

Q:What is output of the nonlinear device!?

V.= ay+alV, cosQr f)xv, )]+ a,[V, cosx f.1)1v, (t)]

V1.2 ()=a,tav,(t)+aV, cos2r f 1)
+2a,v (1. cos(2r f.t)+a,|v ()] +a,V?cos*(2x fit)

V1.2 (1) = a,rayv, (1) + aV, cos(2r fct)

2
a,V,

+2a,v (1. cosQ2r f.t)+a,|v (O] + [1+cos(4r f.0)]
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Balanced Bridge Modulator

Q:What is output of the nonlinear device?

z(t) =y, () =y, ()
z(t) = ap tayv, (t)+aV, 007(27r f.1)
a,V’
20 c [

+2a,v, (), cos2x f.1)+afy, (O] + 1+cos(4rz f.1)]

z(t)=2ayv, (t)+4a,v, (t)V. cos(2xm f.t)

Visg—sc(t) =4a,v, (£)V, cos(2x f.t)

This is a single balanced bridge circuit
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Amplitude Modulation:
Generation SSB
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Generation SSB

Q:What is a SSB modulator?

We will study two types:
I. Filtering Method

2.  Phase shift method
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Filtering Method

Voo () =cos(2r ( f.+ fm) t) = cos( (a)c + a)m) 1)

v, (1)
v (1) Vs (1)

R ()

AYDSB-SC (f) | |yDSB-SC (f) |
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Limitations of Filtering Method

Voo () =cos(2r ( f.+ fm) t) = cos( (a)c + a)m) 1)

v, (1)
v (1) Vs (1)

R ()

‘VDSB-SC (f) | |ySSB-SC (f) |

f
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Phase shift method

Q: Phase shift method generation SSB!?

Starting with:

Voo () =cos(2r ( f.+ fm) t) =cos( (a)c + a)m) t)
Using:

cos(a + B) = cos(a) cos(B) — sin(a) sin(B)

We get:

Voo (£) = COS (a)ct) COS (a)mt) —sin (a)ct) sin (a)mt)
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Phase shift method

Vgsg (1)
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Amplitude Modulation:
VSB



Vestigial Side Band (VSB

Q:What is Vestigial Side Band Modulation?
It is between DSB and SSB

It is used for examples where it is difficult to filter out the LSB
because the message signal contains frequencies down to DC

|V (D |

\ )

| Voss.sc () |




Vestigial Side Band (VSB)

Vpsa_sc(t) =V, () cos(2z [, 1)

Nypr (1)
v, (2)
v (t) 5 Vosg_sc(?) Vssg (1)
|‘VDSB-SC (f) | |ySSB-SC (f) |

T
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Vestigial Side Band (VSB)

Vpss_sc(£) =V, (t) cos(2rx f, t)
h(¢)

v,,(?)
, Non ideal
v (1) L Vpspsc(?) Vs (1)

‘VDSB-SC (f) | |yVSB (f) |

.
.
.
.
.
.
.
.
.
.
.
.
* - |- f
> >
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Vestigial Side Band (VSB)

For SSB: - v () = Vipgp_se (8) * Mypp ()
Viss (f ) =Visp_sc(f) @ H ppr (f)

HBPF(f):{(l) fcgfgfc—l—fm

otherwise

For VSB:

Vysp (1) = Ve se (£) ™ h,(2)

Viss (f) =Vpsg_sc () o H,(f) =%[Vm(f+fc)+Vm(f—fc)]o
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Vestigial Side Band (VSB)

We need to know the value of the filter such that we can
recover the message when we demodulate.

h, (1)

\% [ . - v (1
VSB( ) ° Non ideal 0( )
LPF

cos(27f t) T
W, () = vy (1) cOSQ2L 1) * (1)
V() == Vs (f = £+ Vi (f + £ 0 H, (f)
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Vestigial Side Band (VSB)

Q:What is the relationship between H_(f) and H;(f)?
We will assume the output of the LPF is:

Vo) = Wrsalf = 1)+ Vs + 1o H, ()

We know that:

Vyss () == [V (f+f)+V (f = f)]e H.(f)

Substltutlng: V()= l

{[V (f+f — )V (f =L = e H(f - 1)
[V (f+ Lo L)V (f ~ fot LS H(f + 1)
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Vestigial Side Band (VSB)
Q:What is Hy(f)?

V() +V, (f =2f)]e H.(f - 1)

1
D=y L[Vm(f+2ﬂ)+Vm(ﬁ)]’H,-(f+JZ)}HO(f)
(= WD H (= 1)+ V(Do H(f+ e H, ()

V.(f) =iVm<f>[H,.<f—ﬁ>+H,-<f+fc>]-H0<f>
ForV,(f) = k .V,,(f):

1
H =
=G+ 1)
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Vestigial Side Band (VSB)

Exercise: The carrier for aVSB signal is 20kHz and the

message signal is 6kHz. The VSB shaping filter H;(f)if shown
below. Find the output low pass filter H(f).

| H; (D |

N

|8 22 26
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Amplitude Modulation:
QAM



Quadrature Amplitude Modulation (QAM)

Q:What is QAM!?

It is an AM technique that overcomes the BWV issue of DSB-
SC.

It is basically transmitting 2 information signals on the same
carrier frequency.
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Quadrature Amplitude Modulation (QAM)
vml (t) xl (t) le (t)

Vm2 (t)
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Quadrature Amplitude Modulation (QAM)
v_(¢) =cos(w,t)
v.'(t) =sin(w,t)
v _(t)cos(w.t)
v ,(t)sin(w,t)

Vouur &) = v, (t)cos(w, 1) +v,, (1) sin(w,?)
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Quadrature Amplitude Modulation (QAM)

At the receiver:

Upper arm:
c dem (t) 2 COS(O) t)

X, () = Vouus (O, gom () = V00, (2).2 cOS(@,2)
x,(t)=|v  (t)cos(w.t)+v, ,(¢)sin(w.1)]2cos(w,1)

x,()=v (t)+v (t)cosQLw.t)+Vv ,(t)sin(2w.t)

X, pp (8) =V, (£)
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Quadrature Amplitude Modulation (QAM)

Lower arm:

V' dem (1) =2sin(w,t)

Xy (1) = Vour DV o (8) = V10, (1)-2810( 0, 1)

x, () =|v (t)cos(w.t)+v, ,(¢)sin(w.t)|2sin(w 1)

X ppr(8) =V, (1)
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Quadrature Amplitude Modulation (QAM)

Exercise: QAM must be total synchronous. To see this, check what

happens if the carrier in the demodulator is out of phase from the
modulator by O:

v.(t) =cos(w,?)
(1)=2cos(w.t+0)

c dem
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