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5.1 Amplitude Moadulation : Suppressed Carrier (DSB-SC) @

© Modulation
The process of imposing a low—frequency electrical signal onto a high—frequency signal

- The process of imparting the source information(i.e.,modulating signal) onto
a bandpass signal(i.e.,modulated signal) with a carrier frequency fc

F£): modulating signal
Agcos(w, 8} ¢ cartier signal

A general form of a bandpass signal ¢{f} can be written as,
dify=althcos [ w.t+ »{ )] * modulated signal
- Type of modulation

alfy e« f(¢y ¢ Amplitude Modulation (AM)

L o (1) ¢ Freqnency Modulation (EM)

W £ cc A#) ¢ Phaze Modulation (PMD

© Amplitude modulation : Suppressed Carrier (DSB-SC)

At GO 77 $(1) = A(t) coswgt —modulated signal
T 0(w) = 5 {Flw+w) + Flw—w)
cosw b
f(t) . Flu)
F0,
t LE)
- W a W
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2 sideband = sideband
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© Synchronous detection (coherent detection)(homodyne detection)

b

4 LPF 1 s

rcos Wt " local oscillator
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Amplitude Modulation : Suppressed Carrier(DSB-SC)

() cosw,t = F(t) cosPw,t by LPF
=if(r)+%f(t)%
= A

7140 coswet] = FLAE) - 02 g ppp

= $Fw) + {F‘(w}ﬁﬁ‘(w—m)}

© Synchronization problem in the local oscillator

It is necessary to have synchronization in both frequency and phase between transmitter and receiver

when DSB-SC modulation is used

To avoid this problem,

Page 2 of 5

— suppressed—carrier system may have a small amount of carrier reinserted in ®(t) at the transmitter : " pilot

carrier "

#¢) cos[ (w, +Aw)t +38] = f{#) cos w,t - cos[ (w, i+ dw)t4+ 48] by LPF

= 1 A1) cos (dwt +46) + % £(1) cos M@:ma]

= %f(r)cos (Awt+46)

i) Aw = 0 :A6%0 phase error Al
e t) = %f(r) cos A8

The phase error in the local carrier carries a variable gain factor in the output signal
—The signal strength will "wax and wane "

i) A6 = 0 :Aw=0 frequency error Al
e(t) = %f(r) cos dwt

We obtain the signal f(t) multiplied by a low-frequency sinusoid
If fc) fm Af ~ Afm comparable
For telephone and radio system : Af < 30Hz is acceptable

© Generation of DSB-SC signals (modulators)

i) product modulators

ii) chopper modulators (switching modulators)

.|'r_.']¢ ’ﬁ
wig
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] Bandpass b
ity aif Gilter  tog § enif)
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A I

;. Bundpass % [
kit filler @ ce . T i

COm g d

“ring modulator”
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Amplitude Modulation : Suppressed Carrier(DSB-SC)

floy Pj(’]|
AN
Y

Flaw) ()

N M S/
| | ' ‘

W W wo -W 0 W we 2w, w

i) balanced modulators

%f(r) i AM [1+%f(r)]coswct
mod.
— cosw,t F(t) coswnt
1 AM 1
—jf(i) — mod. [l—jf(i)]coswci

Two AM modulators are arranged in a balanced configuration to cancel out the carrier
— balanced modulator

- AM modulator (power—law modulators)

5163 @ Filter —— DsB-1C
/jg nonlinear (AN
cos wif element signal

Yy
uo=aui+buf+‘ s
bl £} = a[F(E)+ cosw ] + b [F(£) + cosw,t]’
v; =af(r)+bfz(ﬂ+écm2wct+a[1+%f(r)]coswcr

= DSB-LC signal

. 1 é
_ eITIm W %K % g
iy \ § w0
I U1 3
&y (1) f206) f;,ra =
oy == ¢ 1 2 |

HFF i@

2

e

© Demodulation of DSB-SC signals

— Synchronous detection
Local oscillator must be synchronized to the oscillator in the modulator to achieve proper demodulation

i) A simple squaring synchronizer
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Amplitude Modulation : Suppressed Carrier(DSB-SC) Page 4 of 5

a(8) squaring + 2 , synchronizing
circuit BPF n
@ 2f, signal

Gt} = A coswyet cosw.t

20y _ a2z )T ooslwel 14 cosiwd
¢y =A 2 2
47
=7 {1+ cos2uif cosPuif+ cosZu,d+ mslw s}
AZ

= T[l + % [ cosZlm,+ wetf+ cosl{mw,— w bt ]+ mstct}

z
= % cos 2wt

ii) Phase—locked loop (PLL)

COsS Wt LFF

snf= g

YCO

sin (w ¢+ 8)

L sin{w,.t+8)
The bandwidth of the PLL is controlled by the bandwidth of the low—pass filter

iii) Pilot carrier system

A method commonly used in DSB-SC modulationto maintain synchronization between modulator and
demodulator is to send

a sinusoidal tone whose frequency and phase are related to the carrier frequency

— Stereo multiplexing in commercial FM

Audia (tonw. ]
I}SB - §C :
g 7 . Subsidiary
5.4 communications
L+R Z8 | L- R Qower L - B (uppat —————
- sidebund; sidehand) —1 ..
) 15 19 23 30 3 59 2% Fin klIz
Spectrum of a stereo-multiplex svstem
Multiplexed
signal Bandpass x Low-pags
fiiter & 19kHz filter
3BkH7
ey Voltage-
2 T%‘cmy -y contrelied
vider oscillator
x Loyf—pass
Hilter Demodulated
L - R signal
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Amplitude Modulation with Large Carrier (AM) Page 1 of 5

m

LUZHE HAS0A DSB-SC= SXE ?AdH =4I Z0A carrierS S0 LHOO0F SI22 AIABI0l SEGH XL costIt SetotAl €0t SSAIAE D 20] SA=2 2 O X
B £A=0| UL 22 BR0E $4IIE 25| BHE0] costE HF== 2001 MHMEZ XN FMAOI2t 2 == UL WetA, =A=0 A carrierS @501 2 Zeglol &
EHIE AUSE UG SE2E 4 ATSF o1 ?IHM SAS0A DSB-SC AS0ICHE 2 gtel carrier /S S E86H01 ®&6H &l =0l, 015 DSB-LC £= DSB-TC &4/0/2t
1 8tCh.

DSB-LC: Double Side Band with Large Carrier

DSB-TC: Double Side Band with Transmitted Carrier

O, SMZ0UAM EHs 2 22 carrier dls= 22 &M= Ol EJﬂ} o
power 28 HOIA DSB-SC &AlDh= HI W& OFEI N OFF Lt 2AI0] ECH AM 2E 0l A

\ ZUBUN =X 2S5 §I1 SIGHA PUE X0ID2, SH0K 2
| = EJETN
2 section0il A= DSB-LC A0 BIZX/=X 22| & 2eiof (&t B et DSB—SC gral o)

[ofl e & Ch
| M2 XtOloil CHEH &AEH 0161 OF P EICH

S

=g=}

tj\ 6%01 power SEH

5.2 Amplitude Moaulation with Large Carrier (DSB-LC or AM)

Gty = F(1) cosw,t + Acosw,t

— dud) = + (Flwtwd + Flw—w)} + 2A{(w+w) +8(w—w)

8 Fla)
£ ' w
7 o
8 wos w i |§|f(:) COE ot
, A /|\\ w
! “ule 0 Wy
A cos .t FiA cos wer)
t A 1 ad
f ey - 2 o )
. FOY 208 wet + A CO8 wel F (1) cos wel + A4 cos wetl
Carrier
_ /T\ /r\ o
w 0 W

~ Envelope

Assumtion

a2y = [A+ A1) ] coswy
[A+7(2)] =0 = A= |min {A(2)}]

A general AM signal waveform can be written as

Faft) =411 +mxt)] cosw,t |x( )] =< 1 : normalized modulating signal

# . modulation index

() N S0 dadt)

A cosu,t
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Amplitude Modulation with Large Carrier (AM) Page 2 of 5

f(t)

----- (A = AL 4wy |PakD) s >
| (A) i = Ad1—m)

phase reversal

overmodulation

modulation index #H = peak ngBiE‘,Cagﬁ?ﬁ%

_ _ peak value of wmodulgting sigual
peak value of wwodilated carvier

(Ac) e " (Ac) min
24,

+ W = 1is required for envelope detsction

— Example : tone modulation

F(2) = 15 cos2x (1500 )

AM modulation
v2) = 60 cos2r (105 1)

(a) modulation index #m = mdugﬁrmfﬁﬁ%ﬁme = é.—? =0.25
() fu=1.5kHz
fc = IDDMZ

(c) daft)= A1+ mx(t)]cosw,t
=60(1+0.95cos27(1500 5 ) cos2r(10° )

© Carrier and sideband power in AM

Gty = Acosw i+ f{)coswt ]

@ty = Afcos®w s+ Ftdcosiwt+2A F(pitosw.t

- ATZ+4%Q ( FCey =10 is assumed)

4
P-4 +17®H -p + P

http://mir.knu.ac.kr/Multimedia/chap52.html 2008-11-06




Amplitude Modulation with Large Carrier (AM)

dEt) = (A coswt+ A mxlf) cosw ), 2(£1 =0 iz assumed (usual case)

Y -
=%A§+A§MZA2IL +2A% 01 coswt

— LAt4nt D) = P= L alawiey)

1
2
=P, +2Py

= P,( total average transmission power)

P, ¢ total transmmission power

lA%

P, i unmodulated camrier power, P.= 2

P, : didebands power P,=2Py
P, . each sideband power ( power per sideband )
Py — % A2 D)
= % st (1) P,

- Example : tone modulation f(t)=coswmt

Gyl £y = A1+ mecos wyt Yoosw,t

= A.cosw.+ 9, C08 Wyl coswt

z
Pkt = Lai+ LLlo2al - Lang+ 20,

2
— P+ 2, — P (1HH

A,
-
G £ = AL 1+ nex{f) ] cosw t fomfm fo Fotha S
S = T AL (1402 D)) P
— LAzl wd 1w,

=‘Pc+*_Ps Fe f

The fraction of the total power contained in the sideband becomes,

Ps Em m2

#= P.t 1+%m2 2+m2

Since m <1, the transmission efficiency of an AM(DSB-LC) system is at best 33%
In contrast, the transmission efficiency of a DSB-SC system is 100%

© Generation of DSB-LC signals

i) Chopper modulator(Rectifier modulator)
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Amplitude Modulation with Large Carrier (AM)

+ ' e ) +
fief ~ iy
Bandpass . Bamlpass
I R fiter vofid filter

WA,
ES

hocos wer|+

B,

A is large so that
[A+7)] >0

F[A+7(2)]

L]

If the carrier amplitude is made much greater than ().

an ideal diode will act as a good switch,

I w
Fw)
g AN
— w, A

DSBE-LC signal

ii) Modulator using nonlinearities (power—law modulator)

A BPF

@ w,

nonlinear
element

cos Wt

© Detection of DSB-LC signals

i) Envelope detector

wi(t)

B vair) Y b (1)
Ho iagonal chopping
' . i

correct RC RC too large

ii) Rectifier detector
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Amplitude Modulation with Large Carrier (AM) Page 5 of 5

Low-impedance

w(r) return o— LI T

The rectifier detector is not as efficient as the envelope detector
"z'(f) v, (i)

¥, (?) X v {1

/ Previous Chapter / 5.1 /5.2 /5.3 / 5.4 / 5.5 / Next Chapter /
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Frequency-Division Multiplexing (FOM) Page 1 of 1

Multiplexing, =, CtE3tet StLESI THE S SoHA Oeliel 2 E SAI0l 8&cts A2 Lt ol
e HEs Sol LF SAETHFM AEY R 2 E0A S Right/Left 2012 AlS g
subcarrier /S 2 modulation 5t0f FIM+=SAHUMAM N2 XX ZES 2= OS
SOtCH 012 &2 YAl C+E38HE FDM(frequency division multiplexing), =, =1t
cf: TDM(time division multiplexing)

Ol SHMS/IQUIRAS/ZIAS & 0e] 20 EE53
L0lgt 22 OEE ' =

b= 2t
carrier A/ S 2 modulation ot 0

O foi
%
x
™
0F
>
o O o

5.3 Frequency—Division Multiplexing (FOM)

fiit) Mod, BPF [ Demod. 5f1(t)
141) Mod, é} T RY BPF | Demod, —>hll)

/'EJ 5 carrier carriar
74t — Mod mod. dmod. L) gpF | Demod, (1]
lma
wy K Wy Wy
guard band subcarrier [ Wy, Wa, ..., Wy

© Quadrature multiplexing

Al (X0 X0 LPF [ A(D
Acosw.t (445 ch L Acosw,t
Hp—AK) AX— LPF = 1

Using the orthogonality of sines and cosines makes it possible to transmit and
receive two different signals simultaneously on the same carrier frequency

It permits two message signals to occupy the same frequency band
But it requires precise phase synchronization of transmitter and receiver

G(E) = FL{E) cosmt + 20 ) sin wot

G cosw.t= A cosFwt + Al F)sin w.f coswf

- %fl(t) +%f1(1‘)c052w01‘+ %f;(t}sianct

=LA by LPR

Gl t) sinwt= F{f) cos wotsinwt + 1) sin fw, it
— L A sinzwet + + A0 — L AD coszwet

~ T 741) by LFF
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Single—Sideband(SSB) Modulation Page 1 of 3
LEHZIE LMSE S0 |t M=, DSB-SC 20U M 22 carrier Tm £ Z422 e modulating signal0l JtXI1 U= HAZO| 268 222 ot ECh BE2E &S
Ste YHUM 2 carrier?l &% L= 6152 0fL otLIR M&GHHE 424120, *)ﬂ WS ERs HEES vz 52 4= UM €0 0I5 <ol Hge “*
A10] SSB 241 0| Ch. (SSB: Single Side Band) SSB #A19] AlISE 2tED| oA E 25 DSB-SC 4155 BHE 0 SHE S filtering ot Al &l =0, carrier F0t+5 %e‘oi abruptst
S4S 2= filterE OHE 4 2192 2 modulating signal2l ABE20| NFLAAME HO EMOHA L L= PANE 22 0 A5 HXN =2 AIBECH (8445
O] B2 20 Hz®H 20,000 Hz NHXIQ F1ts & 2S AL UKL BE SHSANME 300 Hz0IA 3.3kHz HE2 42otez2E FEE MLot=0 € a0t it WetA,
O}D}iO{ 26 S2 S4S40l ssSB ZAl0l 018&/J1% StHCt.

)
= sectionOil A= SSB &lS 2| HE 28 & BE/SE SA00 CHEF Oloiot 27 C

5.4 Single—Sideband(SSB) Modulation

© Generation of SSB signals

i) Filtered method

DSB-5C deband
N4 Sldenan
Al X filt 7 dsa(t)
lIter
Hw)
[sce’=3/ 1084
Flw
[ ) Manv modulating signals of practical interest
have little or no low-frequency contents, ie,
) their spectra have “holes”at zero frequency,
P pspliw} (&)
PATAN AN
—a B ity
sideband filtering
Pagnluw)
LY ' A
Sig \] [

Ft) = cosw,d

doeal 1) = cos{m, & wetf

= COSMigl COSWE T Sifwel: sinwd

Generally, SSB wavefortn In terms of an arbitrary modulating signal can be
written ag,

deesl i) = A Beoswgd T F()sinw,t

where F(t)} iz the Hilbert transform of (¢} that iz obtsined by shifting
the phazse of ¢} by 90° at each frequency.
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Single—Sideband(SSB) Modulation Page 2 of 3

Bulanced modulator

Fitl cos !

wr & ﬂssu;‘.f)
fn @ fersing, ¢
Tialanced mudulator
Key=Ats L _
¢ Hilbert transform of £}
_1 ™ )
T or f—m f—r ar
© Demodualtion of SSB signals
— Synchronous detection
D gzp )
desalt) LPF [—>el?)
We
cosw,t LPF
! 2w,

i) Phase error Al cos(wct + AB)
eo(t) = %[f(wmsae T 7 ($)sindé]

— A phase error in the locally generated carrier will result in phase distortion in the output
— However, phase distortion in SSB demodualtion is quite tolerable for voice communication

ii) frequency error Al cos(wc + Aw)t

&) = TL#(2) cos duit 7(2) sindwi]

— Frequency errors give rise to spectral shifts as well as to phase distortion in the demodulated output

- envelope detector
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Single—Sideband(SSB) Modulation

Mty =Acoswg+ [F(#)coswsF Af)sinwg ]
=[A+7(t) ] cosw,t+ ALY sinw,t
= y(t) cos{w,t +8)

——

where #{1) = {[A‘l‘f(f) 12+ f2(f)}
6= —tan’l[—ﬁb—]

A ={[A+FO1+ PO} o &

= a1+ 200 4 Al 7 )

A A
maf1+200 = af o SO0
= A+ A1)

— |If the carrier is much larger than the modulating signal, i.e., A >> [f(1)],
then SSB-LC signal can then be demodulated using an envelope detector

/ Previous Chapter / 5.1 / 5.2 /5.3 /5.4 / 5.5 / Next Chapter /
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Vestigal-Sideband(VSB) Modulation Page 1 of 1

CH% =0l 0+ 2 modulating signal® A EHE & L0, MXE M50 M0 BRS HYES H017| 2I6H SSB YA MBETID A0IA S5HACH 22iL modulating
zs o

signal0l MFEME A ASHES 20l ZEot) AUAS FR0= Jots W2 filtering0l 2Jts6t22 SSB 2419 M0l HEMN S0 TVASO 22 QUL Y SAMASE
HEst MHlQ HAE =0l 4,5 MHzOl HE El=0l 015 DSB-SC &4l HMAS A0 &0 9 MHzS =0l 206t D0 oA SHI0F AoHH €0 deflt 4
G5O AR dc4ES XS HFMUAE S Y0l IHX1L JAL2Z SSB LAIS HEE 0t QL 01 aHZ5tI| fIoi HLE 2410l vSB &AI0ICH(VSB: Vestigial

Side Band) carrier FI+5 SA 92 odd symmetry SAS 2t filterS 0|22 M TVAISO AL 6 MHzY HECZ AISE MEGID +AS0AM e FBE S/

= AN ECh

5.5 Vestigal-Sideband(VSB) Modulation

Consider a modulating signal of very large bandwidth having significant low—frequency contents
For example, television siganl, image signal, facsimile data, high—speed digital data

!
Practical SSB systems have poor low—frequency response

!
VSB modulation

At —»ﬁ)—» Hyiw) — dyeslt)

cosw.f

H,(w) filter characterictic

“odd symmetry” about the carrier
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