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Generation of LSB SSB Using Wideband Low-Pass Filter
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Generation of USB SSB Using High-Pass (or Passband)
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SSB Modulated Wave

Lower Sideband SSB

spsp(t) = %m(t) cos(2m f.t) + %m(t) sin(2m f.t)

Upper sideband SSB

susn(t) = %m(t) cos(2r fut) — %m(t) sin(27 f.t)




Applications of SSB and Difficulties in Implementing SSB

® Two difficulties of SSB modulations

® Designing and implementing the sharp Low-pass (or High-pass/pass-band)
filter is not easy for circuit designer.

® Hence, the message signal which does not contain the significant energy in
the DC area is often modulated by the SSB such as the speech signal.

Spectrum of Speech Signal (Example)

0 [Hz]

® However, the SSB cannot be applicable for the message signal which
contains the significant energy around zero frequency such as video

signal, computer data, and etc.




Vestigial Sideband (VSB) Modulation

® VSB Modulation
® Modulation to overcome the two difficulties of the SSB modulations.

® Allow a small amount, or vestige, of the unwanted sideband to appear at
the output of an SSB modulator

® The design of the sideband filter is simplified since the need for sharp
cutoff at the carrier frequency is eliminated.

® |n addition,aVSB system has improved low-frequency response and
can even have dc response.




ldea of VSB Modulator

® Pass-band (or High-pass) filter for USB-SSB modulation
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® The filter below is much easier to design and implement
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Consider the two-tone message signal given as

m(t) = Acos(2w fi1t) + B cos(2m fat)

Message signal multiplied by the carrier wave, that is, DSB signal

epsp(t) = (Acos(27mfit) + Bcos(2mfat)) - cos(27 fe.t)

= S Acos@n(fe+ fi)t) + 5 Acos(m(f. — i)t

—|—%B sin(2m(f. + f1)t) + %B sin(27(fe — f1)t)




Spectrum of DSB signal

Output response
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Demodulation of VSB Signal (Coherent method)

® Downconvert (by Multiplying 4 cos(27 f.t)) and low pass filtering

® Downconvert
d(t) = s(t)-4cos(2mf.t)
— %Ae cos(2m(fe — f1)t) - 4cos(2m fet)

—1—%14(1 —€)cos(2m(fc + f1)t) - 4cos(2m fot)

43 Bos(n(fo + fo)t) -4 cos(2mfef

[COS(QW(Q fot f1)t) + cos(2m flt)]

DO | —

cos(2m(fe + fo)1) - cos(2m .t) =

» Iow—Paés Filter: * ECOS(QT(flt)

— T




Signal after Low-pass filtering

v(t)

Aecos(2m f1t) + A(1 — €) cos(2m f1t) + B cos(27 fot)
Acos(2m fit) + B cos(27 fat)




Television Signals
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FICuRE 3.28S (@) Idealized amplitude spectrum of a transmitted TV signal. (&) Amplitude

response of a VSB shaping filter in the receiver. .
[Ref: Haykin & Moher, Textbook]




Baseband Representation of Modulated Waves

DSB modulated wave signal

spsp(t) = Am(t) cos(2m f.t)
SSB modulated wave signal

sssp(t) = %Am(t) cos(2m ft) + %Am(t) sin(27 f.t)

In general, we can write the “linear modulated wave” as
g

s(t) = SI( s(in(2r .t

r Carrier wave with frequency f, r quadrature-phase version of the carrier

c(t) = cos(2m f.t)

Orthogonal each other l




We can rewrite the modulated wave as

s(t)

(t) - t)

Fn-phase component of s(t) Euadrature(-phase) component of s(t) '

Introduce the complex envelop of the modulated wave s(t)

(1) = s1(t) + jsq (!

Define the complex carrier wave

(1) = er(t) - jeo(t)




e Consider the following
5(t) - exp(jorfut) = [sI(t)+ st(t)] - [cos(waCt)+ jsin(2n fot)
e Realterm
R [5(75) . exp(j2n fct)] = s7(t) - cos(2mfut) — so(t) - sin(27 fut)
e Imaginary term

3 [§(t) : exp(jZcht)] = s7(t)sin(27 f.t) + sq(t) cos(2m f.t)

).

> s(t)

3(t)

exp(j27 fe.t)




Now consider

3(t) = s1(t) + jsq(t) = a(t)e’’™

2 . D — -1 2 (t)
a(t) = \/Sz(t) +isg(t),  0(t) = tan Scf(t)

Then we can represent the modulated wave as

s(t) = R §(t)ej2ﬂfct] = %[a(t)eje(t)ej%fct]

= R -a,(t)ej 27 fet+0(1)]

= CL(?E) cos|27 f.t + O(1)]




Three different representation of modulated wave using its equivalent

baseband signal

s(t)

sr(t) cos(2m f.t) — sg(t) sin(2m f.t)
)y [§(t)ej2”fct]

a(t) cos|2m fot 4+ O(1)]




Superheterodyne Receiver
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FIGURE 3.27 Basic elements of an AM radio receiver of the superheterodyne type.

TaBLE 3.2 Typical Frequency Parameters of AM and FM Radio Receivers

AM Radio FM Radio
RF carrier range 0.535-1.605 MHz 88-108 MHz
Mid-band frequency of IF section 0.455 MHz 10.7 MHz
[F bandwidth 10 kHz 200 kHz

[Ref: Haykin & Moher, Textbook]




Communication Chipset Architecture
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Frequency-Division Multiplexing

To transmit a number of communication signals over the same channel, the
signals must be kept apart so that they do not interfere with each other, and
thus they can be separated at the receiving end.

FDM (Frequency division multiplexing)
TDM (Time division multiplexing)
SDM (Space division multiplexing)

CDM (Code division multiplexing)




Block Diagram of FDM
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Block diagram of frequency-division multiplexing (FDM) system.




Angle Modulation

® Basic Definition of Angle Modulation

s(t) = A cos[0;(t)] = A cos[2m fot + @]

® Phase modulation (PM) if
0;(t) = 2 ful + kpymi(t)

® Frequency modulation (FM) if

t
0;(t) = 2n fot + 2mky / m(7) dr
0




