Chapter 7:

Analog Modulators
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Analog Modulation

0 Amplitude Modulation:
= Standard amplitude modulation (AM) with carrier.
= Suppressed-carrier double-sideband modulation (DSB).
= Single-sideband modulation (SSB).
= Vestige-sideband modulation (VSB).

O Frequency Modulation

J Phase Modulation
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Standard AM (1)

O AM signhal and spectra:;
The AM ssignal is:  x(¢) = A1 + ux(t)] cos w, ¢

= A, cos w.t + A, ux(t) cos w,t
where  is positive constant called AM modulation index, x(t) is message,
A cosa,t is carrier signal.
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Standard AM (2)

Message spectrum with bandwidth W:
IX(f)

arg X(f)
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Standard AM (3)

AM transmitted power:
ST = Pc + 2Psb

where P, represents unmodulated carrier power: P, = %Af

and P, represents power per sideband: P, = ;A*u’S, = ;u’S.P,
where S, Is average message power.

If f.,>>W and x <1, then the message can be extracted from x.(t) by a
simple envelope detector.
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Standard AM (4)

O Product modulator for AM:
= Using Multiplier:

Multiplier

;.Lx(t) ———@——-@-—. xc(t)

(_L’) A.cosw,t
x(t) o——
+ x.(2)
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Standard AM (5)

= Using square-law element:

Nonlinear
element

Filter —s
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Standard AM (6)

We assumed that the nonlinear element approximates the square
law transfer curve:

Thus, with

Uom = a1Ujy, + aZUin

2

Uin(2) = x{t) + cos w.t

2a
Uoult) = ax(t) + apx*(t) + a,cos’w,t + al{l + ——zx(r)} cos W, !

a

» High-level modulation using class C amplifier:
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Standard AM (7)

O AM demodulation:

= Synchronous detection (coherent detection): The oscillator of
demodulator is exactly synchronized (both phase and frequency) with

the carrier.
(8 e (1) LPF | _y (»
: (X B=W 7
sync
........... Ajpcoswt

Using PLL for carrier synchronization.
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Standard AM (8)

= Envelop detection:

MMN\”MMHM%AUAJ\ r
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(Suppressed-Carrier) DSB (1)

O DSB signal and spectra: The wasted carrier power in AM can be
eliminated by setting « = 1 and suppressing the carrier-frequency
component. The resulting DSB signal is:

x(t) = Ax(t) cos w,t
x(8)

Phase reversal

PN Dept. of Telecomm. Eng. CSD2012
cg Faculty of EEE 12 DHT, HCMUT

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

(Suppressed-Carrier) DSB (2)

DSB transmitted power:

O Product DSB modulator:

= Balanced modulator:

S = 2Py, = 1AL,

1/2 X(f) _

A [1+'hx(D)] cosw,t

— ' x(t) ———>

AM
mod
A, cOsw,t +
@—» x(DA.cos w t
f -
AM
mod

A [1-"hx(t)] cosw,t
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(Suppressed-Carrier) DSB (3)

= Ring modulator.

+0 | g o— o+
x(1) H — — ‘ Uow |BPF| %
o | » - o -
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(Suppressed-Carrier) DSB (4)

O DSB demodulator:

= Synchronous detection (coherent detection): As AM demodulator.
Required carrier synchronization.

= Envelope reconstruction (for suppressed carrier modulation):
Required carrier synchronization.

x(t) : ( ) .| Envelope ,
detector
sync
----------- ALO COS C!)Cf
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(Suppressed-Carrier) DSB (5)

= Using pilot carrier:.

x.(t) + pilot carrier

._

LPF F—

Pilot Amp
filter
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(Suppressed-Carrier) SSB (1)

1 SSB signals and spectra: X.(f)
ﬂ USSB r\
\ : f
- 0 AN AN
t Bal | DSB | Sideband (b —W =
() ——= mod I filter [ SSB
L] X
LSSB
COS w ! m j\‘
(al
: : f
- f. \\\\ 0 =W

y — W

SSB bandwidth and power: B,=W  §,= P, = 1425
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(Suppressed-Carrier) SSB (2)

O SSB modulator:

= Based on DSB and filter:

Bal | DSB | Sideband
*1) mod filter SSB
— | —_
coS w,t
Two-step SSB modulator:
() —(X)—{ BPF-1 BPE2 -5
X - | -
L [
i fr
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(Suppressed-Carrier) SSB (3)

= Phase-shift method.

- @ A2 x(t) cos w

A,/2 cos w,t
x(1)
 +

~90° (+ —= =0

| g
Ho(f) {
» @ A /2X(t) sin w,t

x(1)

H (f): 90° phase shifter
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(Suppressed-Carrier) SSB (4)

= \Weaver method:

TN | LPF1 |
X "B =W C)
f=fx W2
x(t) f=Wn Y
—1 (£ )—= =0
—90° -90° 4=
| l
- Jx\ | LPR2 e
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(Suppressed-Carrier) SSB (5)

O SSB demodulator: Similar to DSB demodulator.
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Carrier Synchronization for Coherent Detection (1)

d Squaring loop:

Input
Signal
BPF o) BPF Loop
™ atf I () ™ at2f Filter
Output o
Carrier - Plvide - VCO [<—
by Two
Reference
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Carrier Synchronization for Coherent Detection (2)

1 Costas loop:

In-phase
LPF at Output
Bit Rate
Input
Signal
Power Loop
Splitter vCo Filter
90°
LPF at
Bit Rate
Quadrature
Output
‘ Dept. of Telecomm. Eng. CSD2012
cg Faculty of EEE 23 DHT, HCMUT

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

PM/ FM (1)

0 PM and FM signals: Considering a signal with time-varying phase:
x(t) = A.cos [w .t + ¢(1)]
The total instantaneous angle:
0.(1) = w.t + Pt)

Therefore:
x(t) = A.cos 0.(t) = A, Re [/5V)]

If 6,(t) contains the message information x(t), then it is exponential
modulation (or angle modulation).

The phase modulation (PM) is defined by

B(t) = dax(t) by =180°
so that
x() = A, cos [w.1 + $ux(f)]
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PM/ FM (2)

The constant ¢, (¢, < 180°) represents the maximum phase shift (or PM
Index, or phase deviation) produced by x(t).

In the case of frequency modulation (FM), the instantaneous frequency is
defined as:

FOSf+fat)  fu<f.

The constant frequency f, called frequency deviation, represents the
maximum shift of f(t) relative to the carrier frequency f.

By definition: Al |
fle) = - 0dn) = fo + 5900

where ¢(t) = do(t)ldt

21

Then, the FM signal has ¢(f) = 277f, x(t) and integration yields the PM:
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PM/ FM (3)

¢(1) = waAJ' x(A) dA + @(1o) t =ty

0

If t, is selected such that #(t,) = 0O, then

t

o) = 2fs j K1) dA

Therefore, The FM signal is written as:

x(t) = A, cos [wcr + 2waer()t) d/\]

Instantaneous phase ¢(¢) Instantaneous frequency f(?)
L 1 v
Mo gul) ot 5= 60
T
t
FM 2waJ x(A) d\ £+ fux()
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PM/ FM (4)

Modulating [\ /\
g i \/

signal

S Areif
g1 AT
Y R
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PM/ FM (5)

O Average transmitted power (for PM and FM): regardless of
message X(t):

St = %Az

C

O Narrowband PM and FM: Representing the exponential modulation

as.
x ) = x.{t) cos w.t — x,,(t) sin w ¢

where 1
xt) = A cos dt) = A{l AR }
A 1
xcq(r) = A sIn ‘;b(t) = Ac{ﬁb(l‘) - §T¢3(f) T o
If |o(r)] < 1rad
so that
xC!(t) = Ac xcq(t) ~ AC(,'b(f)
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PM/ FM (6)

Then the spectrum of x (t) in term of the message spectrum is:

| .
X{f) = JAM = £) + SABG ) f>0

where

$2X(f) PM

—IfX(F)/f M

Therefore, we conclude that if the message has bandwidth of W << f_, then
the bandwidth of the signal after narrowband modulation is 2W.

o) = 5160] = {

O Tone modulation (single frequency modulation): Consider the tone

message as. {Amsin W, t PM
t =
) A, cos w,t FM
. A PM
Then ¢(t) = Bsinw,t , where S £ {EZ“‘M/; Vi BM
mu A
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PM/ FM (7)

The parameter £is the modulation index for PM and FM in the case of
tone modulation.

= Narrowband PM/FM tone modulation requires << 1, then after
modulation we obtain:

x(t) = A.cos w.t — A.B sin w,,¢ sin w, ¢t
AB

~ A, CoS w.t — % cos (w, — w,)t + ? cos (w, + w,)t

’
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PM/ FM (8)

= For arbitrary g (wideband PM/FM tone modulation):
x,(t) = A [cos ¢(t) cos w .t — sin P(¢) sin w, 1]

= A[cos (B sin w,t) cos w,t — sin (B sin w,, ) sin w, t]

using
cos (B'sin wat) = Jo(B) + . 2J,(B) cos nwyt
neven
sin( sin w,1) = D, 2J,(B) sin nw,t
n odd
s L[7 (B sinA-nA)
I(B) 2 -] ety
27

The coefficient J (/) are Bessel function of first kind.
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PM/ FM (9)

Finally, we obtain:
x(t) = A, Jo(B) cos w,1

ZA J(B)[cos (w, + nw,)t — cos (w, — nw,,)t)
n odd

+ EA T{(B)cos (w. + nw, )t + cos (w, = Awy)t]

neven

Using the property: J_,(8) = ( — 1)",(B)
Then, we obtain the compact form:

= A, EJ ) cos (w, + nw,)t

h=-—00
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PM/ FM (10)

Selected values of J ()

n LOY 1,02 105 100 L0 IGO0 T30 n

0 1.00 0.99 0.94 0.77 022 -018  -025 0

1 0.0 0.10 0.24 044 058  —0.33 0.04 1

2 0.03 0.1 0.35 0.05 0.25 2

3 0.02 0.13 0.36 0.06 3

4 , 0.03 039  -022 4

5 026  -023 5

6 013  ~-001 6

7 0.0 0.22 7

8 0.02 0.32 8

9 0.29 9

10 0.21 10

11 0.12 11

12 0.06 12

13 0.03 13

14 0.01 14
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PM/ FM (11)

= Bandwidth of PM/FM tone modulation: According to Carson’s
rule:

By~ 2(fy + W) =2(D + L)W

where D & f—“
W
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PM/ FM (12)

O Direct FM and VCO:

Tuned

DC block ~ circuit
f‘ﬂ"o’\ —e —f *

+
Cy() L
TVaractor =G oL x| Oscillator

— ¢
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PM/ FM (13)

Vccz 5.0V Antenna
47 pFJ{
1€ ’
T ¥ _‘_ §1.0kﬂ§1.8m é
L 7 AW
I 33 uH | VCO | V
- 6 E ~— MPS 6601
X 3! 470 pE N
0.001 uF | i
x(t) o——) 41
LOuE l |
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PM/ FM (14)

O Phase modulators and indirect FM:
= Narrowband phase modulator:

Ppx(t) =®— r@ - x.(1)
. ‘— +90°
— A, SIn w, ¢ A, cos w.t
= Indirect FM transmitter:
Narrowband frequency modulator
}: E fi() |Frequency | f,(t) _ i) | RF
() —— % - mgél‘?f;or : ~ multiplier pOWer xA)
i i Xn amp
Jio
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PM/ FM (15)

O FM/PM detector (demodulator) using PLL:

PHASE
DETECTOR

FROM IF 0
AMPLIFIER

VOLTAGE
CONTROLLED
OSCILLATOR

A

l

LOW-PASS
FILTER

\/

MODULATED
OUTPUT

AMPLIFIER
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PM/ FM (16)

& 0 +5
VOLTS
R1 c3 ~ C4
20K 0.001 uF
AY
c2 /1
0.02 ]JF 10 8
FROMIF o )| . 2 o
AMPLIFIER /1 U1
MODULATED
R3 3 YE-565 OUTPUT
560 o
1 4
- 9 5
560 —
C1
(0]
-5
VOLTS
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