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Angle Modulation

Communication Principles

Introduction

®= Angle modulation 1s the process by which the angle (frequency or
phase) of the carrier signal is changed in accordance with the
instantaneous amplitude of modulating or message signal.

®  The amplitude of the carrier wave 1s kept constant.

= classified into two types such as
o  Frequency modulation (FM)
o Phase modulation (PM)
= Used for:
Commercial radio broadcasting
Television sound transmission
Two way mobile radio
Cellular radio
Microwave and satellite communication system
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REPRESENTATION OF FM AND PM SIGNALS

v.(t)=V-sin(2-w-1, - t+phase)
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Angle modulation is a variation
of one of these two parameters.

Consider again the general carrier v, (t ) = VCCOS ((z)ct + ¢C )
(Cz)ct ¥ ¢C) represents the angle of the carrier.
There are two ways of varying the angle of the carrier.

a) By varying the frequency, o, — Frequency Modulation.
b) By varying the phase, (|:Dc — Phase Modulation
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Phase Modulation

* When the phase of the carrier varies as per amplitude of modulating signal,
then it is called phase modulation (PM).

* Amplitude of the modulated carrier remains constant in both modulation

systems.
REPRESENTATION OF PM SIGNAL
®m An angle-modulated signal

= A cos(2nf .t + ¢(t))

s where f. denotes the carrier frequency and ¢(7) denotes a time-varying phase
w If n(7) 1s the message signal, then in a PM system, the phase is proportional to

the message.
#(1) = k,m(t)

= where k » represents the phase sensitivity of the modulator . expressed in

radian per volt.
s(t)=A4 cos[Zﬂfct - kpm(t)]




Communication Principles

» Where ¢ = phase angle of carrier signal. It is
changed in accordance with the amplitude of the
message signal;

e
p=K,V, ()=K,V, cosa,t

= After phase modulation the instantaneous voltage will

be
V() =V, cos(ot + KV, cos @,1) -
V() =V cos(@pt +m, cos o)

= Where m, = Modulation index of phase modulation
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Frequency Modulation

» During the process of frequency modulations the frequency
of carrier signal is changed in accordance with the
instantaneous amplitude of message signal.

Vv, (t): V _.cos (cuct)

then for FM we may write:

FMsignal  V, (t)= V. cos(2x( f, +frequency deviation )

Where the frequency deviation will depend on m(t).

Given that the carrier frequency will change we may write for an instantaneous
carrier signal

V.cos(w,t)=V.cos (2aft)=V.cos(,)

where ¢, is the instantaneous angle = w f = 2xf't
and f; is the instantaneous frequency
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Since @ =2nft then ‘Z" =2af, or f,= QL ‘jﬁ:
T

I.e. frequency is proportional to the rate of change of angle.

Let message signal: m (t) =V, cos @, t

If f. is the unmodulated carrier and £, is the modulating frequency, then we may

deduce that
@, =0, +k, m(t)= o, +k, V, cosaw,t

k /- represents the frequency sensitivity of the modulator . expressed in Hertz per volt.

k,V, =A4f The quantity Afis called the frequency deviation, representing the
maximum departure of the instantaneous frequency of the FM signal form
the carrier frequency f,.

The amount of change in carrier frequency produced by the modulating
signal is known as frequency deviation. i
1 i

= £+ )=—""1
fi= S+ A cos(o,1)= 5%
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_ do.
Hence, we have L. f. + Af.cos(w,t) ie. L 2xf. +2rAf cos(w, )
2 dt dt

After integration i.e. I(wf + 271/ fc cos(a)mt))dt

g =wt+ Taffgtnipnt) ) f=olt Z}f‘ sin(a, )

w m

m

Hence for the FM signal, ~ V (Z) = VCCOS(Q. )

v, (t) = Vccos(a)ct + é}—f‘ sin(a)mt)J

m

A
The ratio fc‘ is called the Modulation Index denoted by [ i.e.

Jis

_ Peak frequency deviation

modulating frequency
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Time domain representation

b) Sinusoidal modulating signal /\ /\

¢) Amplitude-modulated signal

e) Frequency-modulated signal [\NW/\/\/\/U\WV\/\N\I

P
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Frequency Deviation
¢ Inst. frequency has upper and lower bounds given by
[(t)= f. + Af cos(271,,1)
where

Af = frequency deviation=k,V,

then
fllow = L+
fl. =f.-0f

FM Modulation index

e The equivalent of AM modulation index is g which is also called
deviation ratio. It quantifies how much carrier frequency swings
relative to message bandwidth

AS
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Example:

e A 100 MHz FM carrier is modulated by an audio tone causing 20 KHz
frequency deviation. Determine the carrier swing and highest and

lowest carrier frequencies
Af = 20KHz
[frequency swing =2Af = 40KHz
frequency range :
Srign =100 MHz + 20KHz = 100.02 MHz
Srow =100 MHz — 20 KHz = 99 .98 MH:

Example:

e What is the modulation index (or deviation ratio) of an FM
signal with carrier swing of 150 KHz when the modulating
signal is 15 KHz?

Af = % = 75KHz

A 5
SN
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Note — FM, as implicit in the above equation for v(t), is a non-linear process — i.e.
the principle of superposition does not apply. The FM signal for a message m(t) as a
band of signals is very complex. Hence, m(t) is usually considered as a 'single tone
modulating signal' of the form

m(t)=V cos(w, 1)
The equation v (t)=V.cos(w,f + Bsin(w,f)) may be expressed as Bessel

series (Bessel functions)
v,(0)=V, 3 J,(B)os(e, +nw, )}

where J,(p) are Bessel functions of the first kind. Expanding the equation for a few
terms we have:

v.()=V.J,(B)cos(w,)t+V J,(B)cos(w, +@, )t +V.J_(B)cos(w, —a, )t

: / AL il " ,, v
Amp fe Amp JetTm Amp Je=Tm
+V.J,(B)cos(@, +20, )t +V.J_,(f)cos(®, — 20, )+ -+
Amp fe+2fm Amp fe=2fm




Communication Principles

FM Spectrum

[
-

Bandwidth (?)

Jo(B)
Side bands
T(B) 3
J. JH(B) JH(B
4(B) »(B) 2(B) Ji(B)
e 0, 30,, | | | J,;EB) .
040, | 020, O, oto, o F 30, i
J3(B) o+ 20,, o+ 40,
Side bands
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BV, |
[ mv [himv.]
AV Higv,
|4 8V, | PRV
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freq
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Jo=tlo Jv=3la f=3fa Ffa f. Jo¥S o f42fa SA3a [A4). Hz
—4 -3 -2 -1 (1] 1 2 3 4

The amplitudes drawn are completely arbitrary, since we have not found any value for J,(f) -
this sketch is only to illustrate the spectrum.

* The number of side bands with significant amplitude depend on B see below
=25

B=10 B B=4
| ||H|| .||H| |l|. .Ill!ll
o, © ¢

Generation and transmission of pure FM requires infinite bandwidth, whether or not
the modulating signal 1s band limited. However practical FM systems do have a
finite bandwidth with quite well performance.
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FM Spectrum — Bessel Coefficients.

The FM signal spectrum may be determined from

v.()=V, i.]n (p)cos(w, +nm, )t

n=—x

The values for the Bessel coefficients, J,(p) may be found from graphs or,
preferably, tables of ‘Bessel functions of the first kind'.
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Bessel Functions of the First Kind, J,,(m)
for some value of modulation index
Modulation

Index Carrier Side Frequency Pairs

B N ] )y )y X J5 b o K K Ny g I 3 g
0.00 .00 = - = = = = &2 = s = = 2= =
0.25 098 012 -

05 094 04 00 =~ = i T T . S ¥ S R o
10 077 04 0l oM - - - o e wa e ew wm wm
1.5 051 0.56 0.23 0.06 001 - - — — — - - - — —
20 0.22 0.58 0.38 0.13 003 - - - — - - e - i -
24 0 052 043 020 006 00 - = = = = = = = -
25 -005 050 045 02 007 002 00 @ - @ — = = = - - -
30 =026 03 049 03 013 0 0 = = = = = = = -
40 -040 =007 036 043 028 013 005 00 @ @— @ @— @ — @ @— = - @
50 018 033 005 036 03 026 013 005 R - 9 9— 9 — —  — -
545 0 -0 =012 02 040 03 019 00 003 00l

60 015 =028 04 01 036 036 02 013 006 002 @ — — @— @— -
70 030 000 =030 =007 016 035 03 023 0B 06 0@ - 9 9—  —  —
80 017 023 =011 =029 -010 019 03 03 02 01 006 003 29— —  —
§.65 0 027 006 -024 023 003 026 03 028 018 010 005 002 - @ —
90 -009 025 0M  ~0J8 =027 -006 020 033 031 020 012 006 003 00l
100 -0.25 0.05 0.25 006 =02 -0 =001 022 032 02 021 012 006 003 00
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L T T
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Examples from the graph

Vi

o
2<'
DAl

B = 0: When 3 = 0 the carrier is unmodulated and J,(0) = 1, all other J,(0) =0, i.e.
V. 3, 0=V,

f frequency
B = 2.4: From the graph (approximately)
Jo(2.4)=0, J«(2.4)=0.5, J)(2.4)=0.45and J5(2.4)=0.2

0.5V 0.5V, p=2.4
0.4V, 0.4V,

0.2V, 0.2V

L-3f, L-2f fi-f. f.  f+f, f+2f, f.+3f,  frequency
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Significant Sidebands — Spectrum.

As may be seen from the table of Bessel functions, for values of n above a certain
value, the values of J,(p) become progressively smaller. In FM the sidebands are
considered to be significant if J,(B) = 0.01 (1%).

Although the bandwidth of an FM signal is infinite, components with amplitudes
V.J,(B), for which J,(p) < 0.01 are deemed to be insignificant and may be ignored.

Example: A message signal with a frequency f,, Hz modulates a carrier f, to produce
FM with a modulation index § = 1. Sketch the spectrum.

n Ju(1) Amplitude Frequency

0 0.7652 0.7652V, fe

1 0.4400 0.447, fitfm fefm
2 0.1149 0.1149V, L4205 Jo- 2
3 0.0196 0.0196V. Jet3fm  fe -3 fm
1 0.0025 Insignificant

5 0.0002 Insignificant

Communication Principles

Significant Sidebands — Spectrum.

0.7682V.

0.4V, 0.44V,

0.1144V,
| 0.0196V,

| >

0,1‘1441«c
[ _ _ . .
=30 20 f-Tw  f, fo+f, f.+2f, f.+3f, frequency

Bandwidth of Significant Spectrum = 6 { |

As shown, the bandwidth of the spectrum containing significant
components is 6f,, for 3 = 1.
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Significant Sidebands — Spectrum.
The table below shows the number of significant sidebands for various modulation
indices () and the associated spectral bandwidth.
p No of sidebands > 1% of Bandwidth
unmodulated carrier
0.1 2 2
0.3 4 4w
0.5 4 4fm
1.0 6 6/
2.0 8 8
5.0 16 16/
10.0 28 281,
e.g. forp =5,
16 sidebands
| | ‘ (8 pairs).
| | 1 ‘ | ‘ || frequency
f.-81, -2f, ~f. £ +f. 42f, f+81,
e Bandwidth of Significant Spectrum = 16 f, —————*
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FM Bandwidth

» Theoretically, the generation and transmission of FM requires
infinite bandwidth. Practically, FM system have finite bandwidth
and they perform well.

= The value of modulation index determine the number of
sidebands that have the significant relative amplitudes.

The commonly rule used to determine the bandwidth is:

— Sideband amplitudes < 1% of the un-modulated carrier can be
ignored. Thus IJ,,(B) |>0.01

If n is the number of sideband pairs, and line of frequency
spectrum are spaced by fm, thus, the bandwidth is:

Bfm =2nf
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Estimation of transmission bandwidth:

= Assume g is large and n is approximate g + 2; thus

Af
Bu=2( 8 +2)*f, === 20C—+2)f,

B, =2(Af + f,)eeeenn(1)
(1) is called Carson’s rule

Carson’s Rule for FM Bandwidth.

An approximation for the bandwidth of an FM signal is given by
BW = 2(Maximum frequency deviation + highest modulated frequency)

Bandwidth =2(Af. + ) Carson’s Rule
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Example:

Determine bandwidth with table of bessel functions
Calculate the bandwidth occupied by a FM signal with a modulation index of 2 and a

highest modulating frequency of 2.5 kHz.

Solution:
Referring to the table, we can see that this produces six significant pairs of sidebands.

The bandwidth can then be determined with the simple formula
BW =2Nf,.

where N 1s the number of significant sidebands.

Using the example above and assuming a highest modulating frequency of 2.5 kHz, the

bandwidth of the FM signal 1s
BW.=2x6x2.5

=30kHz
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Example:

Assuming a maximum frequency deviation of 5 kHz and a maximum modulating

frequency of 2.5 kHz, the bandwidth would be

BW .= 2(2.5kHz + 5kHz)
=2x7.5kHz
= 15kHz

Comparing the bandwidth with that computed in the preceding

example, you can see that Carson's rule gives a smaller bandwidth.
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Narrowband and Wideband FM

Narrowband FM NBFM

From the graph/table of Bessel functions it may be seen that for small B, (p < 0.3)
there is only the carrier and 2 significant sidebands, i.e. BW = 2fm.

FM with g < 0.3 is referred to as narrowband FM (NBFM) (Note, the bandwidth is
the same as DSBAM).

¢ This is just like AM. No advantage here.

Wideband FM WBFM

For B > 0.3 there are more than 2 significant sidebands. As j increases the number
of sidebands increases. This is referred to as wideband FM (WBFM).

% This is what we have for a true FM signal
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Comparison NBFM & WBFM

o.No | WBFM NBFM

L Modulating index 1s greater thanl | Modulation index 1s less than 1

II Frequency deviation =75 KHz Frequency dewiation 5 Khz

I | Modulating frequency range Modulation frequency =3 Khz
from 30Hz-15kHz

IV | Bandwidth 15 times NBFM. Bandwidth = 2Fm

v Noise 1s more suppressed. Less suppressing of noise
Use: Entertainment and Use: Mobile communication.
broadcasting
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FM Power Distribution

= As seen in Bessel function table, it shows that as the sideband
relative amplitude increases, the carrier amplitude,J,
decreases.

= This is because, in FM, the total transmitted power is always
constant and the total average power is equal to the
unmodulated carrier power, that is the amplitude of the FM
remains constant whether or not it is modulated.

= In effect, in FM, the total power that is originally in the carrier
is redistributed between all components of the spectrum, in an
amount determined by the modulation index, 3, and the
corresponding Bessel functions.

» At certain value of modulation index, the carrier component
goes to zero, where in this condition, the power is carried by
the sidebands only.
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Power in FM Signals.
From the equation for FM v_(¢) =V, i J,(P)cos(w, + nw,)t

n=—x

we see that the peak value of the components is V,.J,(B) for the n" component.

; ; Fa | )
Single normalised average power = (%) =(Vaus)™ then the n component is
(Vcin(ﬁ)]z _ 7,8
2 2

Hence, the total power in the infinite spectrum is

€T VJ 2
Total power P, = Z %
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By this method we would need to carry out an infinite number of calculations to find
P+. But, considering the waveform, the peak value is V,, which is constant.

V
Since we know that the RMS value of a sine wave is <

WA T
RN

and power = (Vgys)? then we may deduce that P; [ \E]

r: & (78
3 (ﬂ)

n=—o

Hence, if we know V,, for the FM signal, we can find the total power Py for the infinite
spectrum with a simple calculation.
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Now consider - if we generate an FM signal, it will contain an infinite number of
sidebands. However, if we wish to transfer this signal, e.g. over a radio or cable, this
implies that we require an infinite bandwidth channel. Even if there was an infinite
channel bandwidth it would not all be allocated to one user. Only a limited bandwidth
is available for any particular signal. Thus we have to make the signal spectrum fit into
the available channel bandwidth. We can think of the signal spectrum as a ‘train’ and
the channel bandwidth as a tunnel — obviously we make the train slightly less wider
than the tunnel if we can.

Allocated
Bandwidth

Channel

frequency

Signal | | ‘ ‘ ‘ | | frec_]guency
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However, many signals (e.g. FM, square waves, digital signals) contain an infinite
number of components. If we transfer such a signal via a limited channel bandwidth,
we will lose some of the components and the output signal will be distorted. If we put
an infinitely wide train through a tunnel, the train would come out distorted, the
question is how much distortion can be tolerated?

Generally speaking, spectral components decrease in amplitude as we move away
from the spectrum ‘centre’.

Signal Output

Signal Input

P (Infinite)
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In general distortion may be defined as

D Power in total spectrum - Power in Bandlimited spectrum
Power in total spectrum

:PT_"PBL
P

T

D

With reference to FM the minimum channel bandwidth required would be just wide
enough to pass the spectrum of significant components. For a bandlimited FM
spectrum, let a = the number of sideband pairs, e.g. for p = 5, a = 8 pairs

(16 components). Hence, power in the bandlimited spectrum Pg, is

LB V&
Py = ZT: ?C Z(Jn (/3))° = carrier power + sideband powers.

n=—a
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~

Fa

Since P, = —
y: ¥t .
25 = :; > (B "
Distortion D = e =1- > (J,(B)’

VV =
/2

Also, it is easily seen that the ratio

Powerin Bandlimited spectrum _ 7, -

= T P 4D .
Powerin total spectrum P, ?}-Z—na( »(P)) =1 - Distortion

i.e. proportion p; power in bandlimited spectrum to total power = Z(J (B’

n=—a
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Consider NBFM, with p = 0.2. Let V, = 10 volts. The total power in the infinite
2
spectrum 2‘ = 50 Watts,

From the table — the significant components are

n Ju(0.2) Amp = V.J,(0.2) 2
s e Power = &1E£l—
0 0.9900 9 90 49 005
1 0.0995 0.995 0.4950125
Pz =49.5 W atts

i.e. the carrier + 2 sidebands contain =0.99 or99% of the total power

VS 50-49.5
Distortion = ——2& = =0.01 or 1%.
P, 50
Actually, we don’t need to know V,, i.e. alternatively

1 3 3
Distortion = 1- 3" (J,(0.2))* (a=1) =mmmp D=1-(0.99)"-(0.0995)" =0.01

n=-1

Pu
Py
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FM SIGNAL GENERATION

= i(J,,(,B))2 =1-D=0.99
n=-1

They are two basic methods of generating

frequency-Modulated signals
*Direct Method

eIndirect Method
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DIRECT METHOD FM GEBERATION

In a direct FM system the instantaneous frequency 1s directly varied with the
mformation signal. To vary the frequency of the carrier 1s to use an Oscillator
whose resonant frequency is determined by components that can be varied. The
oscillator frequency 1s thus changed by the modulating signal amplitude.

¢ Straight forward method, requires a VCO whose oscillation frequency has linear
dependence on applied voltage.

% Advantage: large frequency deviation
% Disadvantage: the carrier frequency tends to drift and must be stabilized.

%+ Example circuit:
Reactance modulator

Varactor diode
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In these devices (V/F or VCO), the output frequency is dependent on the input voltage amplitude.

VIN f (Constant amplitude signal
— V/F —— " OUT Amplitude =V )

Apply Vi , €.g. 0 Volts, +1 Volts, +2 Volts, -1 Volts, -2 Volts, ... and measure the frequency
output for each V) . The ideal V/F characteristic is a straight line as shown below.

f
/A(
AV

out
|
1 T

I
2 -1 0 1

VIN

~ 4+

f., the frequency output when the input is zero is called the undeviated or nominal carrier

frequency. A f

The gradient of the characteristic AV is called the Frequency sensitivity of
of the modulator , denoted by & f (Hertz per Volt).
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Consider now, an analogue message input, m(r) = Vmcos(wmt)
gradient =<KHz/volt

fout -r=>l+k, V.,
Vi fout ' g ’
—3 VF > . AL
m(t) fe| . (== :77 74b>l'c= kf 'vc
| I
| |
. . e e w2 LR
As the input m(t) varies from fo, [ i
: v Vam Vi

+V, >0V, f
the output frequency will vary from a
P 9 y i P'"]i 2 V, Cos W t

maximum, through f., to a minimum 2|
frequency. l <
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For a straight line, y = ¢ + mx, where ¢ = value of y when x = 0, m = gradient, hence
we may say B
four o f; +kaIN

and when Viy=m(t) four = f. +kml(t) i.e. the deviation depends on m(t).

Considering that maximum and minimum input amplitudes are +V,,, and -V,
respectively, then

fow = 4, PV o
fmin - fc _kam

The peak-to-peak deviation is f,,,, — f,,, but more importantly for FM the peak
deviation Af, is

on the diagram on the previous slide.

Af k, Ve
Peak Deviation, Afc =k f Vm Hence, Modulation Index, B = f - f




Communication Principles

fout ..-._,r=4kfv m(t) Tm

fc| .

- ———
VaCos Wn t — t

i zl ,‘[\ ,T T

fmax fe finin fe

|
[
|
]
|
]

The output frequency varies ‘gradually’ from f, to (f, + K, V,;), through . to
(f, —kf V,,) etc.
In general, m(f) will be a ‘band of signals’, i.e. it will contain amplitude and frequency

variations. Both amplitude and frequency change in m(t) at the input are translated to
(just) frequency changes in the FM output signal, i.e. the amplitude of the output FM

signal is constant.

Amplitude changes at the input are translated to deviation from the carrier at the
output. The larger the amplitude, the greater the deviation.
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How FM Modulator Works?

""" ] Additional capacitance will
- —— +«— increase the capacitance, thus
i reduce the resonance frequency

Frequency of resonance
depends

on the value of
inductance and capacitance

f =0 JIC
For FM, we want the frequency increase/decrease wrt to amplitude of modulating signal.

How??

m The tuned circuit is part of the oscillator used to generate the carrier freq so, if
the capacitance changes, then so will the carrier freq. This is demonstrated in

Figure below. /—7\/\<
Voltage uk.lc.\m;/ ——— \oltage decrenses

O To produce a freq modulated carrier, it is
needed to find a way of making the info

signal increase and decrease the sizeof | g AP —
the capacitance and hence control the T.T
carrier freq.

O How to achieve? — using a device called  Fremency mereases \ ———  Frequency decreases
Varactor Diode and then by using a -
transistor. ARV
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Varactor Diode

Varactor diode is a semiconductor diode that is designed to behave as a voltage
controlled capacitor.

When a semiconductor diode is reverse biased, no current flows and it consists of two
conducting region separated by a non-conducting region.

This is very similar to the construction of the capacitor.

g4
Recall, the reverse biased diode has a capacitance of Cy= 7
Niincton deoade
Now-(ombn hng Sopecha i
L ,.-/
i Ilhl'lr;‘lr:uvp Syimbad C I“M;\'“" pltes Syvmmbol

By increasing the reverse biased voltage, the width of the insulating region can be
increased and hence the capacitance value decreased.

Thus, if the info signal is applied to the varactor diode, the capacitance will Therefore be
increased and decreased in sympathy with the incoming signal.

Incressed voltage qpbed Wider aoe-condoctog repe Low voltage appbed Naoow soe-condictg repon

[: |> m . more capacitance. less capacitance. E {F . :l]_
- T - + : s S i T
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Varactor Modulator Circuit
s ... *Tuned circuit sets the operating frequency
of the oscillator

*C1 is a DC blocking capacitor to provide
DC isolation between the oscillator and the
collector of the transistor.

=L Varactor

Timed L

Circuit | |

Cl

— 4 L1 is an RF choke which allows the info
_ _ S signal through to the varactor but blocks the
Dl ot e | Mhmsinl R Sianals
i

ov

The info signal is applied to the base of the input transistor and appears
amplified and inverted at the collector.

*This low freq signal passes through the RF choke (L1) and is applied across
the varactor diode.

*The varactor diode changes its capacitance in sympathy with the info signal
and therefore changes the total value of the capacitance in the tuned circuit.
*The changing value of capacitance causes the oscillator freq to increase and
decrease under the control of the information signal.

*The output is therefore an FM signal.




Communication Principles

VHF/FM

VHF/FM (Very High Frequency band = 30MHz — 300MHz) radio transmissions, in the
band 88MHz to 108MHz have the following parameters:

Max frequency input (e.g. music)  15kHz i
Deviation 75kHz A.=k;V,
A
Modulation Index 3 5 B= Ve
e
For g = 5 there are 16 sidebands and the FM signal bandwidth is 16fm = 16 x 15kHz
= 240kHz.

Applying Carson’s Rule BW = 2(75+15) = 180kHz.

II““|I. frequency
181, 7 J.+87,

f——————— Bandwidth = 16 x f, = 16 x 15 KHz=240KHz ————*
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INDIRECT FM GENERATION

s(t)= A4 cos[Z:rj;r+ kpm(r):l
s(t)= A, cos[?_’;rj;r + 2;rk_,jc:m(r)dr—|

The FM signal can be generated by first integrating »2(7) and then
using the result as the input to a phase modulator. as in Figure 4.3a.

Conversely, a PM signal can be generated by first differentiating
m(r) and then using the result as the input to a frequency modulator.

Modulating Phase Modulating Frequency
woe | MR =B e [ P v | Ofeentator =t it [ P veve
A, cos (2zf.) A, cos (2rf1)
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Since FM 1s produced by PM , the later 1s referred to as indirect FM.

The information signal 1s first ntegrated and then used to phase modulate a crystal-
controlled oscillator, which provides frequency stability.

In order to minimize the distortion mn the phase modulator, the modulation index 1s
kept small, thereby 1s resulting in a narrow-band FM-signal

The narrow-band FM signal i1s multiplied m frequency by means of frequency
multiplier so as to produce the desired wide-band FM signal.

The frequency multiplier 1s used to perform narrow band to wideband conversion.

Block diagram of the indirect method of generating
a wide-band FM-signal

Taficsaation Narrow-band Frequency
. = Integrator - Phase -
signal Modulator multiplier

]

JR—
Crystal

Controlled
Oscillator
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FM siEnal

One most popular indirect method is the Armstrong modulator

Frequency

Vm(t) Itipli
Balanced multipher

fm modulator Pl (xm) s

———»| Integrator U > converter
Phase Crystal
shifter oscillator
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Vel(t) -

fc
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FM Detection/Demodulation

is a process of getting back or regenerate the original modulating
signal from the modulated FM signal.

0O

It can be achieved by converting the frequency deviation of FM signal
to the variation of equivalent voltage.

O

(0]

The demodulator will produce an output where its instantaneous
Ia:mph'tUdei is proportional to the instantaneous frequency of the input
signal.

* An FM demodulator or frequency discriminator is essentially a frequency-to-voltage
converter (F/V). An F/V converter may be realised in several ways, including for
example, tuned circuits and envelope detectors, phase locked loops etfc.
Demodulators are also called FM discriminators.

+ Before considering some specific types, the general concepts for FM demodulation

will be presented. An F/V converter produces an output voltage, V,r which is
proportional to the frequency input, .
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fin
FM

EN VoutL

m(t) ]

« In this case f),, is the independent variable and Vs is the dependent variable (x and
y axes respectively). The ideal characteristic is shown below.

Vour

Vo |~ Af

We define V, as the output when f, = f,, the nominal input frequency.
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The gradient A_ is called the voltage conversion factor

i.e. Gradient = Voltage Conversion Factor, K volts per Hz.

Considering ¥y = mx + ¢ etc. then we may say V1 = V, + Kfy, from the frequency modulator,
and since V, = Vo7 when f, = f, then we may write

Vour =Vo + K k Vi

where V, represents a DC offset in V1. This DC offset may be removed by level shifting or AC
coupling, or the F/V may be designed with the characteristic shown next

Vo ut

g

e o

af.= Je Af, +

The important point is that V7= K kf Vi If Viy = m(t) then the output contains the message

signal m(t), and the FM signal has been demodulated.
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1
Often, but not always, a system designed so that K =— , so that Kk .= 1 and V7= m(l).
kf
Vin [ fout .
= 1" e Lo L el BN Vo
m(1) fn | | m(t)
Gradient =K ; Hzvolt Gradient = K Volt/ Hz
k 7 = Frequency sensitivity of the modulator K = Voltage conversion factor
four = . +k.mib) = fiy Vour = Yo+ Kk, mit)
> el Voul
fom A% T 2
f,_,‘n ?—0 Vs osut i
5 t /T R AR L TR t
k., T B T ;
f__.—:"-' ---------------- g—. . k: ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ i“_.- Kk",.\f' Cosm,,t
~_ | R
E Vﬂ‘l td: WV B "'!i'
e _f\-";n(‘oum,,,t —
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Detection Methods

1- Tuned Circuit — One method (used in the early days of FM) is to use the slope of a
tuned circuit in conjunction with an envelope detector.

o -~ " o~ =
. I - . = .
M 2 Demodulated
& —r= i Output
Input l s
J Tuned Cirenit —

" 4§ 5 frecL
S
i

c

* The tuned circuit is tuned so the f,, the nominal input frequency, is on the slope, not at
the centre of the tuned circuits. As the FM signal deviates about 7, on the tuned circuit
slope, the amplitude of the output varies in proportion to the deviation from f.. Thus
the FM signal is effectively converted to AM. This is then envelope detected by the
diode efc to recover the message signal.

Communication Principles

2- Foster-Seeley Discriminator

+ A better method is to use 2 similar circuits, known as a Foster-Seeley Discriminator

Tunedto f;

]
)
1 (
-
i
L]
I
i
i
i
i
I
i
i
;
i
- -
an
—

F.\l . f:_'_ ] |
0 I‘,_.';: — — i
/ [N | Improved linearity.,
/ lI) f; better range
Tuned to f; !

This gives the composite characteristics shown. Diode D, effectively inverts the f,
tuned circuit response. This gives the characteristic ‘S’ type detector.
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3- Phase Locked Loops PLL

* APLL is a closed loop system which may be used for FM demodulation. A full
analytical description is outside the scope of these notes. A brief description is
presented. A block diagram for a PLL is shown below.

out

‘F<

A LPF

VCO «

» Note the similarity with a synchronous demodulator. The loop comprises a multiplier,
a low pass filter and VCO (V/F converter as used in a frequency modulator).
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*+ The input f, is applied to the multiplier and multiplied with the VCO frequency output
fo, to produce £ = (fyy + fp) and A = (fi, — fo).

* The low pass filter passes only (fy, — fo) to give VOUT which is proportional to (f, —
fo).

+  |If fy = fo but not equal, Vo= Vi, afy =17 is alow frequency (beat frequency)
signal to the VCO.

* This signal, V,,, causes the VCO output frequency f, to vary and move towards f,.

+  When f = fo, Vi (fyy — fo) is approximately constant (DC) and f,, is held constant, i.e
locked to fjy,.

* As f), changes, due to deviation in FM, f, tracks or follows . Vo, = V) changes to
drive f, to track fj,.

*  Vpur is therefore proportional to the deviation and contains the message signal m(t).
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Advantages of FM

= Wideband FM gives significant improvement in the SNR at the output
of the RX which proportional to the square of modulation index.

= Angle modulation is resistant to propagation-induced selective fading
since amplitude variations are unimportant and are removed at the
receiver using a limiting circuit.

= Angle modulation is very effective in rejecting interference. (minimizes
the effect of noise).

= Angle modulation allows the use of more efficient transmitter power in
information.

= Angle modulation is capable of handing a greater dynamic range of
modulating signal without distortion than AM.
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Disadvantages of FM

= Angle modulation requires a
transmission bandwidth much larger
than the message signal bandwidth.

= Angle modulation requires more
complex and expensive circuits than
AM.
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Application of FM

» FM is commonly used at VHF radio frequencies for
high-fidelity broadcasts of music and speech (FM
broadcasting). Normal (analog) TV sound is also
broadcast using FM. The type of FM used in
broadcast is generally called wide-FM, or W-FM

= A narrowband form is wused for voice
communications in commercial and radio settings.
In two-way radio, narrowband narrow-fm (N-FM) is
used to conserve bandwidth. In addition, it is used
to send signals into space.

Communication Principles

Comparison AM and FM

= |ts the SNR can be increased without increasing transmitted
power about 25dB higher than in AM

= Certain forms of interference at the receiver are more easily
to suppressed, as FM receiver has a limiter which eliminates
the amplitude variations and fluctuations.

= The modulation process can take place at a low level power
stagde I(? the transmitter, thus a low modulating power is
needed.

= Power content is constant and fixed, and there is no waste of
power transmitted

= There are guard bands in FM systems allocated by the
standardization body, which can reduce interference between
the adjacent channels.
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Thank you




