EE 179
Introduction to Communications

Supplementary Notes to Lectures 17-18
Amplitude Modulation

Robert M. Gray
Information Systems Laboratory, Dept of Electrical Engineering
Stanford, CA 94305

rmgray@stanford.edu

EE179 - Introduction to Communications

Amplitude Modulation

s(t) = A1+ kgm(t))cos(? fit+1)

A
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(y——s(t) = A1+ kom(t))cos(2 ft+!)
g A.cos(2 f.t+ 1)

Usually assum@ > |k,m(t)| all t # envelopel + k. (t)m(t) >0

Constant term wastes power, but results in simple and cheap
demodulation
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Modulation

Vary a carrier signal relative to an information signal

e Analog modulation: vary amplitude (AM), frequency (FM), phase
(PM)

e Digital modulation: vary analog carrier relative to digital signal:
amplitude (amplitude shift keying (ASK)), frequency (FSK),

phase (PSK), amplitude/phase (quadrature amplitude modulation
(QAM))
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AM doubles modulation bandwidth

If remove added 1double sideband suppressed carrier (DSB-SC)
AM
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Generation of AM

Precise multipliers dficult to build in hardware, nonlinear devices
(e.g., power law and rectibpers) much easier.

|
| |

m(t) () # Heof) H— y(®)
| w(?) o(t) |
- - - T __ O —_J
o(t) = ar(m(t)+ Aocos(@ f.t))

+ag (m(t) + Agcos(@ f.t))?

= aim(t) + aam(t)’
bas;brand
+ a1 A9 C0S(2 fct) +2 apm(t) Agcos(2 fct)

TV
passband

+apA3cos(2 f.t)?
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w(t) = m(t) + Agcos(2 f.t)
o(t) = #w())

# is memoryless nonlinearity

1 f&B
0 otherwise

Hege(f) = {

First case: Square law modulat#(w) = a1w + arw?

Note: Perfect square law devices are not available, so include
linear term to better model reality. May be higher order terms in
Taylor series expansion, but small. System puts input and VCO in
series with diode followed by BPF.
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Sincecos(2 f.t)2 = (1+cos(4! f.t))/2, this is

v(t) = axA%/2+ aym(t) + azm(t)zj
baseband
+ a1 A.cos(2 f.t)+2aym(t)Agcos(2 f.t)
passband
+(az/2)A§cos(4 f.t))
highband

This can also be expressed in the Fourier domain. Note that
m(t)? has spectrumM () $ M (f) and occupies a frequency band of
(%2W, 2IW) so we need at leasf.' 2IV.
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Passinguv(t) through the bandpass Plter will produce version of
the passband signal,

y(t) = Agaycos(2 f.t) + 2 Apgaom(t) cos(2 f.t)

AM with AC = AoCLl, ka = 2&2/(11
Second example: OswitchO or half-wave rectiber:

w w' 0
#(w) =
0 w<O

Assume A, >> |m(t)| for all t, in which caseAqcos(2 f.t) +
m(t) > 0 if and only if Apcos(2 f.t) >0
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Detection/Demodulation of AM

Ideal demodulation: multiply by cosine of same frequency: (but
in general do not know carrier phase)

[Ac.(A + kym(t))cos(2 f.t+ ! )]cos(2 f.t) =
A1+ k,m(t))cos( )+ A1+ k,m(t))cos(d fit+ 1)
2 2
baseband

so that low pass Pltering + DC block recovei(t), but with random
attenuation unless know !

As with modulation, a square law device avoids the requirement
for multiplication and for knowledge of ! !
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Thus
v(t) = #(Aocos(2 fct) + m(t)) = [ Aocos(2 fct) + m(t)] p(t)

where

1 if cos(2 f.t) >0
p(t) = { .
0 if cos(2 ft)( O

Expanding the squarewave p(t) in a FS yields

)nl

p)= 2+ Zoos(a )+ 2 Z(/ﬂcy -

> cos(2 f.t(2n %1))

remove by BPF
uh =2 {1 + im(t)} cos(@ £.1)
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Put s(t) = A.(1+ k,m(t)) cos(2 f.t+! ) into square law#(w) =
aiw + aw?. Output is

a1s(t) + axs?(t) = a1 Al + kom(t)) cos(2 f.t+ | )+
bandpass

“—22 1+cos(@ fut+ )| A2(L+2km(t) + k2mA(L))
—_—
high pass

Pass through LPF and DC block
A2
ap AZkym(t) + az—z%gmz(t)

The Pnal term is second order [if,m(t)| is small
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Envelope Detection

Providedl + k,m(t) > O for all ¢, 1 + k,m(t) > 0O is envelopeof
AM waveform. If inequality not satisbed, then can hale k,m(t) ¥
|1+ kom(t)].

Can use switch/rectiber modulation idea to analyze. For simplicity
ignore phase.

A+ k,m(t))cos(2 f.t+! ) > Oifand only ifcos(2 f.t+! ) > 0O,
so if pass through nonlinearity

w w' 0
#(w) =
0 w<O

get #(s(t)) = s(t)p(t) with p(¢t) the square wave as previously.
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¢ Redundant information in sidebands. Modulated signal spectrum
symmetric around carrier frequency, do not need both sidebands.

Solution DSB-SC and SSB
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Expandingp(t) in a FS, the cosine af. demodulates the waveform
and the remaining terms are removed by the LPF and DC block.

This method has a simple circuit and interpretation shown in
GoldsmithOs slides. Assume capacitor charges quickly during positiy
half of carrier:

RsC << 1/fe
and discharges slowly through load to not track carrier, but it does
track slowerm(t):

1/f. << R.C << 1/B

slow decay of tuned circuit with respect to period of carrier.

Problem with classic AMWastes power:

e Carrier has no information
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DSB-SC

Double sideband suppressed carrier (DSB-SC or, simply, DSB)
Like AM with no carrier:s(t) = A.m(t) cos(2 f.t)

One method for generation:balanced modulator uses 2 AM
modulators with common oscillator to generate DSB: Pui(t)/2
into one AM modulator,%m(t)/2 into the other, and subtract the
outputs: output is

m(t)
2

m(t)
T] cos(2 f.t)

= Ak,m(t) cos(2 f.t)

Al + Kk, 1cos(2 f.t) A1 %k,

Also other methods: e.g., ring modulator (diodes and inductors, see
book)
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Detection/demodulation uses product demodulator. Suppose
modulate withcos(2 f.t + $;), demodulate withcos(2 f.t + $,):

Acm(t)cos(2 f.t+ $1)cos(2 f.t+ $5)
Acm(t) A.m(t)
2 2

y(t)

cos@1 %$;) + cos(4 f.t+ $1+ $,)

removed by LPF

Note that phase €set can wipe out reconstructed signal
(noncoherent demodulation)

Coherent detection assumes know or estimaté = $, %9$;.
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If usec" $ as input to VCO, output iscos(2 f.t+ c" 3$).

Feedback control system. There other approaches to phase
tracking, e.g., phase-locked loops.
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Example of phase estimation: Costas loop in Goldsmith notes.

Uses aphase discriminatar Multiplies inputs %m(t) cos(" 9$)
and Zem(t) sin(" $) to form
AC 2 2 ' et —_
(7) m=(t) cos(" $)sin(" $) =
A2 A?
?zmz(t) sin(2" $) * (?J) sin(2" $)M $ M(f)

Then pass through a very narrow LPF with wid#and height1/%
get output of approximately

A2 A?

gcsin(Z" $)M $M(0) + §CZ" SMEMO)= " $
if * $ small (system is tracking). General analysis hard.
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