EE179: Lecture 22 Outline

Review of Last Lecture

e Review of Last Lecture

e WBFM Modulation

e FM Detection

e Information as Bits

e Baseband Digital Modulation
e Passband Digital Modulation

Generating NBFM Signals

% Spectral lysis for FM with
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Generating WBFM Signals

e NBFM
o ! (1)=2"k,#n($Hd$<<1
%cos(! (t))&L; sin(! (t))&! (t)
e s(t)=A.cos(2"f.t+! (1))
=A.cos(2"f t)cos(! (t))-A.sin(2"f t)sin(! (1))
&A cos(2"f t)-A sin(2" . t)! (1)

m 2" kefgalt !(té Product - s(t)
Modulator f
Acsin(2"f.t) Acos(2"f.t)
E3

e Direct Method: Modulate VCO with m(t)
e Indirect Method
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S(1) = A CosHt+ 2K | m(")d"); () =as (1) +..+a,8()

s,(t) =a A" cos” (24t + 24k, !; m(*)d") +other terms
= Acos(2#nf t + 2#nk, !; m(")d") +other terms




FM Detection

Introduction to Digital
Modulation

e Differentiator and Envelope Detector

SI(t) = A28, + 28K, m(t)]sin[25F,t + 29, | m(#)d#]

e Zero Crossing Detector
e Uses rate of zero crossings to estimate  f;

e Phase Lock Loop (PLL)
e Uses VCO and feedback to extract m(t)

e Difficult to characterize impact of noise on FM

ASK, PSK, and FSK

e Most information today is in bits

e Baseband digital modulation converts bits into
analog signals (typically bits encoded in

amplitude)
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e Passband digit$al modulation has form
S() = # A (Dcos2"f t+! (1))

n=%

e Bits encoded in amplitude A,, phase *,, or frequency
* =2"(f,-f)t, which are constant over a bit time T,.

Main Points

e Amplitude Shift Keying (ASK) 1 o 1 1

#A, cos(2# 1) m(nT,) =1 m(t)

AM Modulation

e Phase Shift Keying (PSK) 1 0 1 1
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AM Modulation

e Frequency Shift Keying 1 0 1 1
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s(t) = _
1 A cos(296,t) m(nT,) =$I
FM Modulation

e WBFM more complicated to analyze and generate than
NBFM

e In theory just need differentiator and envelope detection
for FM. Many techniques used in practice (mostly VCO).

e Most information today is in bits

e Digital baseband modulation uses simple techniques to
encode bits into baseband analog signal.

e Digital passband modulation encodes binary bits into
the amplitude, phase, or frequency of the carrier.



