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This Topic will cover

» Angle Modulation
Phase Modulation (FM)
Frequency Modulation (FM)

» FM Generation
» FM Demodulation

» FM Receivers
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Frequency Modulation:
Generation
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FM Generation

Q:What is an FM modulator?

We will study two types:
I.  Direct Method - Voltage Controlled Oscillator (VCO))

2. Indirect method (Armstrong Modulator)
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Direct FM Generation

Q:What is aVCQO?

It is a circuit that oscillates (produces that
varies with an applied

It is an than generates a and the
instantaneous frequency of this carrier can be varied with
the

Example: Hartley Oscillator
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Hartley Oscillator

—© w(t)= V.cos(2rf.t)

- _ B 1
Je = 27 \(L+L,)C
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Hartley Oscillator

v, () =V, cos(27, 1)
C,(t)=Cy+C,v, (1)

Ci(t)

Varies with the
message signal
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Hartley Oscillator

Q:What is the instantaneous frequency of the Oscillations?

1
fi(6) = _ 1
27J(L, + L, )C.(¢) 2\ (L, + L, \C, + C v, (1))
1
fi(O)= - 1
27 \/(Ll +1L, )Co(l + ((::fvm (z)) =J. JU+ACY, (1))

f;(l‘)zfc(l-l-ACVm(t))_; zfc(l_%vm(t)j z(fc _ACzjfc Vm(f)j

SO = fo+kw, (1) kf:_%fc:—zcéfc
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Hartley Oscillator

Q:What is the output of the Oscillations?

Vo (1) = V. cos[Hl. (t)] =V _cos| 27 jﬁ(f)df:|

v(t)= ¥, cos| 2z(fit+k, j.vm(z')dr)}:vFM(t)

—00
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Indirect FM Generation

Q:What is an indirect FM modulator?

First a NB-FM is generated with small m; and then using
frequency Multipliers WB-FM is generated with larger m;

Frequency
Multiplier
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NB FM Generation

Q:What is NB-FM?
Going back to the defining equation:
Ve () =V, cosaf.t+2ak, v, (1)d7)

Using trigonometric identities:

Ve, (8) =V cos(2xf t)cos [2727’( f jvm (7)d 7)]

—V sin(27f t)sin [2 T , jvm (r)d T)j
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NB FM Generation

Q:What if the modulation index m is small ?
Then: COS (Zﬂkf jvm (T)df;] ~ 1

sin £27zkf jvm (T)dl')j ~ 27k jvm (7)d7)

Substituting;

Ve, (8) = V cosQaf t) -V, sin(27g”ct)[272kf jvm (7)d T)j

Vi () = V, cos(2rf 1) =27k V, sin(2fyfct)[ jvm (7)d 7)]
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NB FM Generation

Vi () = V, cos(2rf 1) =27k V, sin(2fy‘ct)[ jvm (7)d r)j

Vg ()

v, () | [

—)@- 27k,

o=

v, (2)

+1t/2




Indirect FM Generation

Frequency
Multiplier

[ ——()
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Frequency Multiplier

Q:What is a Frequency Multiplier?

x(2) y(2) z(?)
The output of the NLD If/ Signal multiplied by itself
y(t)=a, +a,x(t)+a,x’(t)+ax () +.....
2
(1) = a,x”(t)
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Frequency Multiplier
Q:What if x(t) is a NB-FM signal?

2 2
V() =ax (1) = ayvy, M, (?)
an FM signal with

y(t) ~d, [V COS(zﬂ(ft+kf _[v (T)dl')))j double the carrier

frequency and double

y(t) = a, V COS (27z(ft+kf jv (7)dT))) the modulation index:

oy (
()=~ L5 | 14 cos| 4n fct+kf j vm(f)dr)D
PN -,
Y(6) = 22| 1+ cos| 27| 21t + 2k, jvm(r)dr) j
\ \ \ —o0
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Frequency Multiplier
Q:What is the output of the NLD?

double
double
2 2 t
y(t) = azlz/ _ aszc cos(27y‘c't+27zkf' jvm (T)dT)J
kf'z 2kf
f.'=27. —
mf'z 2mf

2 t
z(t) = aszC cos£27qfc't + 27k /' jvm (7)d Z')j
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Frequency Multiplier

Q:What is a Frequency Multiplier?

x(1) z(2)

Frequency

Multiplier

t 2 t N
x(t)~ V. COS{Z@fct+2ﬂkf j v (r)dr)j 2(f) ~ “22Vc cos(zzyg'ﬁzyzkf' j v (7)dr)

Y,
/e f'=2f.
k. V. '
m, = }m m, :2mf
N =k,V, y'=284
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Frequency Multiplier

Q:What is the output of the multiplier for single
modulation?

Ve—rva ()

R 2Af

— /e Je
Vies_ene (F

R 20f"= 4Af

<>

-2f. 2.

19 EENG 372:Topic |:Amplitude Modulation Dr. Sana Almansoori 917117



Frequency Multiplier

Q:What is the output of the multiplier for any message
signal?

Ve—rva ()

2Af
e

A

AN Al
.
AVWB—FM (f)

2Af'=4Af
< o
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Indirect FM Generation

Exercise:What is the problem with this method and how
can this be solved!?
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Armstrong FM Modulator

Frequency Frequency
Multiplier Multiplier
X 64 X 48

Power
Amplifier

S = £, =200kHz f,=128MH? " f,=19MHz f,=912MHz
S0Hz-15kHz = Af, =25Hz  Af, =1.6kHz Af, =1.6kHz  Af, =76.8kHz

S =200kHz 1 =10.9MH>
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