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Double Sideband Suppressed Carrier

i .
B The double-sideband suppressed carrier (DSB-SC) signal is an AM
signal that has a suppressed discrete carrier.

AM s(t) =[A+m(t)| A cos .t = A [1+am, (t)]cos a,t

DSB-SC  s(t) =Re{g(t)e’*'} = Re{Am(t)e’*'} = Am(t) cos w;t

No carrier component in the DSB signal!

B Envelope is no longer the input, cannot use envelope detector as
demodulation.
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Spectrum of DSB-SC

.
B The Fourier transform of DSB-SC signal is

S(f):%[M(f —f)+M(f +1)]

B Upper Sideband and Lower Sideband
Upper Sideband (USB): [fc, fc + W], [- fc =W, -fc].
Lower Sideband (LSB): [fc - W, fc], [- fc, -fc + W].

USB LSB . LSB ]
‘:J { ) h:. .
-fe fc

B Bandwidth? Modulation Efficiency?
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B Modu
straig

DSB-SC Generation

1l
ator: The generation of DSB signal is

ntforward, Just multiply the message

with t

ne carrier.

B This is also called Product Modulator

m(t) S(T?_ ) .S‘(f) = 44(I?T(T) COS(E‘%F‘)
A_cos @1
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Coherent Detection of DSB-SC

B Detector uses another product modulator

PO product | 5O d Channel | Product | m_ (1)
Modulator 1 Modulator LPF )
A cos(2nf t+9,) cos(2nf_t+¢,)

B Demodulated signal: m” (t)=.5A.cos(¢,-d,)m(t)
B Phase offset: if ¢,-¢;=+m/2, m"(t)=0

B Coherent detection (¢,~¢,) required
B Synchronization is important. How to ensure it?
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Methods to generate a phase coherent carrier:
1
B Method 1. Costas receiver

B Invented by John Costas at General Electric in the
1950s. Also known as Costas Phase Locked Loop
(PLL):

B A negative feedback system that generates a

signal, whose phase is locked to the phase of an
input or "reference" signal.

B Accomplished by a voltage controlled oscillator
(VCO)

B Method 2. Squaring the received signal

B Method 3. Transmitting pilot signal
B Used in stereo FM
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Costas Loop

B The coherent reference for product detection cannot be obtained
by the use of an ordinary PPL since there are no spectral line

components at = £. Instead, the Costas PLL may be used to
demodulated the DSB-SC signal.

/

Baseband
LPF

0(0) = (4 A, c05 6) m(r)

-

Demodulated

Apcos (w .t + 6,)

5(t) = A, m(t) cos w, ¢t

Y

output

v4(t)
vVCO ol

-90°
phase shift

(a) Costas Phase-Locked Loop

v3(¢)
LPF

Aosin (w,_.t + 0,)

Baseband
LPF

vt) = (% AyA,sin ae) mt)

Lecture 8



Costas Loop (Cont'd)

s(t) = Am(t)cos w,t
s(t)- A, cos(wt+6,) = Am(t)cosm,t - A, cos(wt+6,)

= % A,Am(t)[cosd, +cos(2m.t +6,)]

e
53

:%Abﬂm(t)[sin 0, +sinQwt +6,)]

(=2 AAOsinG,

1 Demodulal ted
v (t) = > A Am(t)cosé, — =
S(t) : A\) SII’I((()C’[ + He) = A\:m(t) COS a)ct . A\) Sln(a)ct + He) 5(6) = A m(1) cos w, 1 '

vf) = (% AgA.sin t-?,) m(r)

(a) Costas Phase-Locked Loop

0 =% OV 0 = (AAY T ()sin20,

v, (t) =< v, (t) >:<%(Abﬂ)2m2(t)sin 26, >:%(AOAC)2 <m?(t) >sin 26, = K sin 26,
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Squaring Loop and Phase Ambiguity

- T
- Vs(t)
s(t)=-A.m(t)cos(w.t) V(1)

»(X Bgndpass
Filter (fc)

V,(t)

Square law ,| Bandpass o Limit , F_req.
Device Filter (fc) e Devider (/2)

V,(t) Vy(t) V4(t)
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Main Points of DSB-SC

The phase of DSB-SC modulated carrier is reversed
when modulating signal m(t) = 0.

DSB-SC eliminates the power inefficiency of standard
AM, the required bandwidth is the same as standard
AM with 2 times of message signal bandwidth.

Coherent detection is needed for DSB-SC: obtaining
the carrier phase is one of biggest challenges in all
demodulators.

Lecture 8
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USSB

An upper single sideband (USSB) signal has a zero-valued
spectrum for || < £, where £ is the carrier frequency.

IM(F)]
/\
-B B
Jf—
(a) Baseband Magnitude Spectrum
IG(FI
24, \
B
f—
(b) Magnitude of Corresponding Spectrum of the Complex Envelope for USSB
ISCHI
/[ _________________ I ]\
+f-B =% f  f.+B
f—
(¢) Magnitude of Corresponding Spectrum of the USSB Signal

Figure 5-4 Spectrum for a USSB signal.
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LSSB

B A lower single sideband (LSSB) signal has a zero-valued spectrum
for |F| > £, where £_is the carrier frequency.

M ()]
/\
-B B 5
(a) Baseband Magnitude Spectrum
IG(HI
/ Mc
-B
f
(b) Magnitude of Corresponding Spectrum of the Complex Envelope for USSB
Is(HI
____________ --.| R,
. —f.+B L-B
f—

(c) Magnitude of Corresponding Spectrum of the LSSB Signal
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Theorem

An SSB signal is obtained by using the complex envelope
g(t) = Alm(t) £ jm(t)]
which results in the SSB signal
s(t) = A.[m(t) cos w.t F m(t)sin w,t]
where the upper sign is used for USSB and the lower sign
is used for LSSB. m(t) denotes the Hilbert transform of
m(t), which is given by
m(t) = m(t) = h(t)
where
ht) == H(f):{_ ho 1>0
), <O

t
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Proof

-
g(t) = Alm®) = jm®)]= A[m(t) £ jm(t) = h(t)]

G(f)=AIM(f)% M(f)]=AIM(F)+ jM(F)H(F)]= AM()[LE jH()]

For the USSB case
G(f)=AcM(f)[1+jH(f)]={

([ AM(f-1), f>f
S(f)=40, —f < f<f
AM(f+f), <1
For the LSSB case

2AM(f), >0
0, f <0

: 0, f>0
G(f)=AcM(f)[1—JH(f)]={2ACM(f) o
0, f>f
S(f)=S(f)=AM(f-f)+AM(f+f), -f.<f<f,
0, f<—f,

Lecture 8
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Power of SSB signal

The normalized average power of the SSB signal is
P =<s*(t) >=4 <|g(O)] >=1<|AIm(®)+ im®] >
=3 AT <m* () +[M()]" >

=LA <m?(t) > +1 A’ <[MO)] >

<[R@TF >= [ P,(f)df = [ [H(F)[" P, (f)df
:j“; P (f)df =<m?(t) >

P, = A> <m’(t) >= A’P,
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Generation SSB — Filtering method

Sideband filter (band-

m(r) - pass filter on either s(¢) i
Modulation “PPF;;:&;‘;‘;““ SSB signal
input ik
& A cos(w,t)

Oscillator

=1
(b) Filter Method
A ) \H o)
o 1
'a)c O a)c E 'a)c O a)c E
LSSB filter USSB filter
Problems:

 Only suitable for signals without low-freq contents (e.g., speech)
o For other signals, need nearly ideal filters around fc

Difficult, especially if fc is tunable.
Lecture 8
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Generation SSB — Phasing Method

i
Baseband processing
______________ |
: 1 m(t)
| $
| |
] |
m(t) | i s (1)
Modulation | : SSB signal
input : -90° phase | 1 m(r)
| L= shift across =t
: band of m(t) | 1
|
L]
. —90° phase
OSCI}_latOI' - shift
f=rt \ at f=f.
A, cos(w, 1)
(a) Phasing Method
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SSB have both AM and PM

il
B SSB signals have both AM and PM.

R(t) =|g(t)| = A/m? (@) +[ME)]?

iy el EM()
g(t) = Zg(t) =tan () }

B SSB signals may be received by using a superheterodyne
receiver that incorporates a product detector withg, = 0.

v, (t) = Re{g(t)e’"'}
V, (t) = A, cos[aw.t + 6, ]
Vou (1) =3 A, Re{g(t)e "} =4 A Re{g (1)} = 3 A Am(t)
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SSB Waveform

| ”II* IHH[ HJM s




SSB Demodulation

B The coherent detection is still applicable to SSB:
B multiply with carrier, then LPF

B Assume demodulation carrier has a phase error:

x (1) d(n) e
—'ﬁ)— Lowpass [V
filter |
A.'cos2aft+¢)
A | o | o
d(t) =—=(m(t)cos(27f.t)F m(r)sin(27f 1))A4.'cos(24f.t + @)

,.}
s

4.4
4

{m(r)[cos g+ cos(4af 1+ )| Fm(r)|sin(47f 1 + p)—sin g}

AA' AN
y, (1) == 4, {mf(f‘) cos ¢ = m(r)sin é}

I

A A" . :
“ < m(t): No distortion.
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Main Points of SSB

B Advantage:
B More bandwidth-efficient than DSB

B Disadvantages:
B Need near-ideal filters in implementations
B Cannot be used in signals with DC

B Solution:
B VSB: Vestigial sideband modulation

Lecture 8
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Vestigial Sibeband (VSB)

B Transmits USB or LSB and vestige of other sideband

Lecture 8
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VSB Modulator

B VSB filter is odd symmetric at o,

VB filter
o ﬁ% o) |
dH)=coswt
1\1/-,(,35(0)) 1\1/7983(@)
05 05\
P st g T usrier ?

Sysa (0) =5 [M (@+0,) + M (0~ 0,)Hyzg ()
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VSB Demodulator

Sise(d) % PF my(d

2cosw

28,5 () COsat < [S gz (@ + @) + Sy (0 — )]

M, (@) = % M (@)[Hys (@ + @) + Hygp (@0 — @, )]

Lecture 8
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H\sz (@)

H (o)
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Hygs (0 — @)

C

H (o)
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HVSB (60 + a)c)

H (o)
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Hyes (@ + @) + Hygg (0 — ;)

H (o)

Hyss (0+ @,) + Hyg (0 — @) = const.  |o|< 2w,

Lecture 8
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Main Points of VSB

B VSB is a tradeoff between DSB and SSB

B Use more bandwidth than SSB, but simplify
the system.

B The VSB filter is a lot easier to implement than the
SSB filter, which requires near-ideal frequency
response at 0 or fc

B The VSB filter can be implemented at the receiver
instead of at the transmitter, due to power
constraints.

B Envelope detection is also possible for VSB:
B Used in TV system.
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Homework

-
mLC5-/, 59, 5-12, 5-14, 5-15, 5-18
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