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Néi dung

Piéu bién gbc
Diéu bién FM

— Nguyén ly

— Tan pho tin hiéu
Tach song FM

— Ky tan

— Vong khoa pha (PLL)

Mach dién tir diéu bién va tach song FM
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FM Basics

VHF (30M-300M) quan ba chat luong cao
Wideband FM, (FM TV), narrow band FM (two-way radio)

1933 dicu ché FM va goc dugc dé xuat bdi Armstrong, nhung
thanh cong vao nam 1949.

S6: Frequency Shift Key (FSK), Phase Shift Key (BPSK,
QPSK, 8PSK,...)

AM/FM: Song ngang/Song doc

-
M | ]| ~ () AM Modelstie

S AVAYA"

]ﬁ' I“I |H|, ,'“'I - FM Modelatie
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Angle Modulation vs. AM

e Tom tat: tinh chat cua diéu ché AM
— Piéu ché bién d6 1a tuyén tinh

o Chi di chuyén sang mét bang tan méi, dang phé khong thay
doi. Khong co tan s6 moi dwoc tao ra

— Pho tan: S(f) dugc chuyén thanh M(f)
— Bang thong < 2W
e Tinh chat cta diéu ché goc
— Chuing khong tuyén tinh
o Dang phd tan tqhay doi, tao ra tan s6 maéi
— S(f) khong chuyén thanh M(f)
— Bang thong thuong 16n hon 2W
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Angle Modulation Application

e Tai sao can diéu ché goc?
— Giam nhiéu t6t hon
— Cai thién chat luong hé théng
e Bit loi
— Hiéu qua bang théng thap
— Thuc hién phtrc tap
e Ung dung
— Radio quang ba FM
— Tin hi€éu am thanh trong TV
— B0 dam
— Dién thoai té bao

— Thong tin Vi ba va v¢ tinh
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Instantaneous Frequency

Diéu ché goc ¢ 2 dang

- Frequency modulation (FM): thong tin dugc biéu dién theo

su thanh do61 cua tan s6 trc tho1 ciia song mang

- Phase modulation (PM): thong tin dugc biéu dién theo su

thanh d6i cua pha tic thoi cia séng mang

s(t) = A cos[6,(t)],

where A, : carrier amplitude, & (t) : angle (phase)

fi (t) —

1 dg(t)

27 dt

s(t) = A, cos| 2z Tt +é(t) ]

where #(t) is a function of message signal m(t).
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Phase Modulation

e PM (phase modulation) signal

s(t) = A cos| 2z ft+k m(t) |

g(t) =k m(t), Kk, :phase sensitivity

Ko dm(t)

Instantanous frequency f.(t) = f, +
27r dt

e \,_./

ARARRAARRAARAR “

|

TNERERRR NN l[\
/’*‘\ A /

(\HH

e

Faculty of Electronics & Telecommunications

[7]



Frequency Modulation

e FM (frequency modulation) signal
s(t) = A COS[Zﬂ' f.t+27k, j; m(z)d r}

K, : frequency sensitivity

instantanous frequency f.(t) = f, +k, m(t)

angle 6,(t) =2z[ f,(r)dz

(Assume zero initial phase)

=27 f t+ 27k, jotm(r)df

signal ——

il

output

Faculty of Electronics & Telecommunications

[8]



FM Characteristics

e Dac tin cua tin hiéu FM | ——

— Piém zero khong thudng xuyén VAR RRRAAAAA ]

— Puong bao 14 hang s6 ‘N L /

~ Tinhigu FM va PMtwongtw |\ {11711 “\/r
Tl \J
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Relations between FM and PM

FMof m(t) < PM of Em(r)dr

m(t) M %Fl\sj[(ts)ignal m(t)% gdt oM ﬁFl\s/I(ts)ignal
dm(t
PMof m(t) < FMof dm(t)
dt
m(t) PM signal m(t) d PM signal
UM s T ldt M = s
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FM/PM Example (Time)
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T FIGURE 6-3 Phase and frequency modulation of a sine-wave carrier by a sine-wave signal:
(a) unmodulated carrier; (b) modulating signal; (c] frequency-modu lated wave; (d) phase
Faculty Cmodulated wave.
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FM/PM Example (Time)

message m(t)

0.02

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
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FM/PM Example (Frequency)

message spectrum M(f)
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Matlab

fc=1000; Ac=1; % carrier frequency (Hz) and magnitude
fm=250; Am=0.1; % message frequency (Hz) and magnitude
k=4, % modulation parameter

% generage single tone message signal
t=0:1/10000:0.02; % time with sampling at 10KHz
mt=Am*cos(2*pi*fm*t); % message signal

% Phase modulation
sp=Ac*cos(2*pi*fc*t+2*pi*k*mt);

% Frequency modulation
dmt=Am*sin(2*pi*fm*t); % integration
sf=Ac*cos(2*pi*fc*t+2*pi*k*dmt); % PM

% Plot the signal

subplot(311), plot(t,mt,'b"), grid, title('message m(t)")
subplot(312), plot(t,sf,'r"), grid, ylabel('FM s(t)')
subplot(313), plot(t,sp,'m’), grid, ylabel('PM s(t)")
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Matlab

% spectrum

w=((0:length(t)-1)/length(t)-0.5)*10000;
Pm=abs(fftshift(fft(mt))); % spectrum of message
Pp=abs(fftshift(fft(sp))); % spectrum of PM signal
Pf=abs(fftshift(fft(sf))); % spectrum of FM signal

% plot the spectrums

figure(2)

subplot(311), plot(w,Pm,'n",

axis([-3000 3000 min(Pm) max(Pm)]), grid, title('message spectrum M(f)",
subplot(312), plot(w,Pf,'r"),

axis([-3000 3000 min(Pf) max(Pf)]), grid, ylabel('FM S(f)")

subplot(313), plot(w,Pp,'m",

axis([-3000 3000 min(Pp) max(Pp)]), grid, ylabel('PM S(f)")
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Frequency Modulation

e FM (frequency modulation) signal
s(t) = A COS[Zﬂ' f.t+ 27k, j; m(z)d r}
K, : frequency sensitivity
Instantanous frequency f.(t) = f. +k, m(t)
angle 6(t) = Z”I; fi(z)dz  (Assume zero initial phase)
=27 b+ 27k, [ m(z)dz
m(t) = A, cos(2rz f_t) f.=1 +k A cos(2rf t)

t
1001 d2ety 1 d| 27k, f; A, cos(2r f,r)dr |
"2z dt 2z dt 2 dt

=f + 1 27k, [ A, cos(2x f,7)]
27

Let z=t
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Example

Consider m(t)- a square wave- as shown. The FM wave for this m(t) is

shown below. t
orm(t)= A cos(oct + kg jm(k)dk ).

o0

t
Assume m(t) startsatt =0.For0 <t < % mit) =1, Im(k)dx =t and
0

forgstST mt)= -1, im(x)dxzim(x)dmjm(x)dx:g-(t-g)=T-t.

The instantane ous frequency is ®i(t) = oc +kf m(t) = oc +kf for 0<t< %

and oj(t) = o¢c —Kf for%é t<T.

Oimax = ®¢ +Kf and  ®imin = oc —Kf
m(t)
0 T 2T T—
orm(t)

MNP P\ AR 1\ 3 A ARELOIINA [3 2L 1 1
(L0111 RPARPIRVRVLY 111 GVRVRRVAR YA VATV T
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Frequency Deviation

e Dich tan Af
— Su khéc biét gifta tan so tirc thoi 1on nhat va tan sé song mang
— Pinhnghia: Af =k, A =k; max|m(t) |

— Mo61 quan hé vdi tan so tire to1

single-tone m(t) case: f. = f, + Af cos(2x f t)

general case: f.—Af < f. < f +Af

— Cau hoi: Bang thong cua tin hi€u s(t) chi 1a 2Af?

Khong, tan s6 tirc thoi khong bang
phé tan so!
S(t) co pho tan so tién dén . AT AT
| | |
fl
f.-Af f f+Af
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Modulation Index

e Chi ra muc do thay doi cua tin hiéu da diéu ché (tan so tic thoi)
thay doi1 xung quanh tin hi¢u chua di€u ché ( tan s6 thong tin)

AM (envelope): max| m(t)] :
A
max | kK, m(t) |
FM (frequency): f = f

e Bang thong
a(t)= [ m(a)da

2 2

Kk K
o(t) = Re(p(t)) = AIZcos w_t —k, a(t)sin wt - ?f' a’(t)cosw.t + ?: a’(t)sin wt...
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Narrow Band Angle Modulation

Dinh nghia ‘kf a(t)‘ <<1
Phuong trinh @(t) = A[coswct —k.a(t)sin WCtJ

So sanh vo1 AM chi co su khac

bi¢t pha la P1/2
Tan s6: tuong tu S
Thoi gian: AM: tan s6 khong doi I I
FM: bién d6 khong doi N v f
oo o ot fofm fo fotim
Két luan: tin hiéu NBFM thi cm
turong tu nhu tin hi¢u AM. A () A O A odetsie
NBEM c6 bang thong 2W. Y [J UV
(hai lan biang thong cua tin NN NN, P vodeiaie
U U

hi¢u thong tin)
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Example

Al Signal
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Block diagram of a method for generating a narrowband FM
signal.

Modulating I Product ~ | Narrowband
wave Integrator modulator }( ) ™" FM wave
+

A, sin (27f.1)

-90°
phase-shifter

Carrier wave
A, cos (2mf.1)

Narrowband phase modulator
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A phasor comparison of narrowband FM and AM waves for
sinusoidal modulation. (a) Narrowband FM wave. (b) AM wave.

Carrier

Sum of side-
frequency phasors

\\
N wn

Lower side- Upper side-
frequency frequency

Carrier

()
Jin

-

Upper side- ~
frequency \\

side-frequency

\\ S f
N um of

// phasors
Lower side- /s
frequency /’
"
fm

(b)
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Wide Band FM

e \Wideband FM signal
m(t) = A cos(2zf t)
s(t) = A cos| 2z ft+ Bsin(2zft)]

e Fourier series representation

s(t) = A i J.(B)cos|[27z(f, +nf )t]

S(f)z% S 3,(B)[8(f - f,—nf,)+5(f + f, +nf,)]

N=—o0

J. (/) : n-th order Bessel function of the first kind
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Example
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Bessel Function of First Kind
1. Jn(,B) = (—1)n J_n (ﬁ) Bessel functions
2.1f B issmall, then J () =1, 1
3,(8) P j_?::: -
T 084 J2(0) =vmem
J.(f)=0 forall n>2
3. i J3(B) =1 T -
~ ;; \',‘r"",
0.4 J’ r'f 1'1 *"'.
gl ¥\
:| ;' i i‘ ! ” ey
EI.E——'!.' ‘;'I ‘1." "‘. / ’\ “ ,..-.\‘:{...--.._\'
! ;r v i i \ \ ; AN
y 1 \ i L] f / [y \', 4
o4’ Voob e I\‘ VAR B B - i
0 \ . r'. ) ! f‘ ! \ \ ;"
‘1‘ o [ w\\‘ YAVL
0.2+ Vot j' / e 4"‘:‘- ~
! L] A - d
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Spectrum of WBFM

e Spectrum when m(t) is single-tone

s(t) = A cos[ 2z f t+ Bsin(2z f )] = A i J.(B)cos|2z(f, +nf )t]

S(f):% S 3,(B)[6(F - f,—nf,)+5(f + f, +nf,)]

e Example 2.2
Jo(B) >0 JoB) 1B
J-1(B)T 1,(B) 1o BJ).1(B) T 1,(B)
ARRAREEY REERTEREN
'fc'fm_fc-fc+fm fc-an-lffc fc&: o T
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Spectrum Properties

1. frequencies: f_, f. £ f , f . £2f ..., f . &nf , .-

(for all n). Theoretically infinite bandwidth.
2. For g <<1 (NBFM), frequency: f, f £ f

C— m

2 3,(B) =1 3,(B)=-3,(B). I,(B)=0forall n>2
3. Magnitude of + f_+nf_: %Jn(ﬂ), depend on S

ml

4. Carrier (f.) magnitude J,(£) canbe O for some p

5. Average power: P= Y A’ X%Jf(ﬂ) :%A\f
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Bandwidth of FM

® Yéuto
— FM c6 bang thong mét phia tién dén tan so v han > vé Iy
thuyét thi bang thong v6 han

— Nhung cac tan so & cao rat nhd = vé thuc nghiém thi bing
thong hiru han

— Bang thong cia tin hiéu FM bang vdi bang thong cia yéu
cau cua truyén dan ( ké€nh truyén)
e Bing thong cua tin hiéu FM dugc xap xi boi

— Carson’s Rule (cho biét su rang budc)
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Carson’s Rule

e (Gan nhu tat ca cong suat nam trong mot bang thong
— Doi v6i tin hiéu thong tin don tan c6 tan so £,

B, =2Af +2f =2(f+D T

— D6i véi tin hiéu tong qua m(t) co bing thong (hodc tan sd cao
nhat) W

B, =2Af +2W =2(D +1)W

where D = sv—f IS deviation ratio (equivalent to ),

Af =max | k,m(t) |
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FM Modulator and Demodulator

e Diéu ché FM
— Direct FM
— Indirect FM
e Gidi dicu ché FM
— Direct: str dung bo phan biét tan so (frequency-voltage
converter)
— Tach song ti 1€
— B6 do diém Zero

— Indirect: st dung PLL
e B0 nhén superheterodyne ( ky tan)
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FM Direct Modulator

e Direct FM
— Tan sb séng mang thay d6i truc tiép voi thong tin thong qua bo
dao dong thé kiém (voltage-controlled oscillator (VCO))

— VCO: tan s6 ngd ra thay doi tuyén tin v6i dién thé ngd vao
— A simple VCO: thuc hién béi “variable capacitor”

— May phat FM dung tu va Microphone

l:.,apammr - .
microphone

=ound 35 ﬁ _1Lr g

IJ' e o —

WIVES PP _// 71

Clscillator
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FM Direct Modulator cont.

e Phuong phap don gian, gia thap, thleu su On dinh va chinh xac,
tmg dung & ning luong thap, khong 6n dinh tai tan s6 song mang

Capacitance changes with
the applied voltage:
C(t)=C, + ACm(t)

s(t)

—_— =

m® | yco

m(t) L% % c s(t)

LC oscillator frequency:
fi(t): - — =
27JLC  27,JLC, + LACm(t)
1 AC
= 1-—m(t) [+ O(t°
27,JLC, { 2C, ()} )
< f - 10BC Ly
0
= f, — Af m(t)

e B0 VCO hién nay thuong thuc hién nhu mo IC PLL
e Taisao VCO phat ra tin hiecu FM?
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Indirect FM

Pau tién, tao ra NBFM, sau d6 nhan NBFM vaéi Af

Tot cho cac yéu cau vé on dinh tan s6 song mang

Trong FM thuong mai, tat ca thiét bi dung Indirect FM
Thuc hién bo Indiret FM: Armstrong FM

So d0 khdi Indiret FM

m(t v(t S(t
O [ | O of ®
frequency
f) multiplier
Crystal Controlled
Oscillator
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Indirect FM cont.

e Dau tién, phat ra tin hi€u NBFM vo1 B rat nho
v(t) = A cos(2xz f.t) — B A. sin(27z f.t) m(t)

m(t) — 2 v(t)

X
I Y NBFM
-90° Phase

A sin(27 fit) Shift

A cos(2m f 1)

m(t v(t s(t
O xprm YO of, | %0
frequency
) multiplier
Crystal Controlled
Oscillator
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Indirect FM cont.

e Sau do, duwa vao bo nhan tan s6 véi hé sb B
— Tan sb tic thoi duogc nhan bdi n
— Nhu vay, tan s6 song mang Af, va p
— Bang thong bao nhiéu?

v(t) Nonlinear Vo(t) Bandpass s(t)
. Filter —
Device (nf{)
Bandpass filte IS(D)|
\Y Tl I/\ T
V@) i =nf| o o
Hright I left [ | : I
AR
-fl i fli 'fc fc =nf1
B,
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Analysis of Indirect FM

1. Input: v(t) = A:COS|:27Z' f1t+27zkf_[;m(r)dr},

max | k. m(t) |
W
2. Nonlinear device outputs frequencies: nf, +nk, m(t)

where f (t)=f +k m(t), f=

Vo () =avt) +avi(t)+. . +av' () + .
3. Bandpass filter select new carrier f_ =nf;
s(t) = A COS|:27Z'nf1t + 270k, j; m(z)d z'}

max | nk,. m(t) |
W

where new f;(t) =nf, +nk,m(t), B=
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A simple electronic implementation of frequency multiplier

Two-diode odd-order frequency multiplier.

NPt

output

[ D

L1 L3 3

30 MHz output. X3 (x5)

C1:100pF, L1:2.7uH. D:1N914
L2:.22uH, L3:1.8uH, L4:330uH
C2:120pF, C3:10pF.
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Armstrong FM Modulator

Phat minh bo1 E. Armstrong, mot bd “indirect FM”

Thuc hién phé bién cho thuong mai
Thoéng s6: message W=15 kHz, FM s(t): Af=74.65 kHz.

Cac ban c6 thé tinh tan s6 & (a)-(d)?

(@) () © @
carrier
m(t) NBFM Bandpass frequency |1.44 MHz Bandpass Frequency s(t)
Modulat filter #1 multiplier % Filter #2 = Multiplier ———=
(W<15kHz) B x72 carrier| 7, carrier
1.25 90 MHz
¢V Cy(t) MHz
200 kHz 13.15 MHz
carrier carrier
(crystal) (crystal)

Solution:
(@) Af =14.4 Hz. (b) Af =72x14.4=1.036 kHz.
(c) Af =1.036 kHz. (d) Af =72x1.036 =74.65 kHz.
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FM Demodulator

e Bon phuong phéap co ban

— Khac biét vé dudng bao/dd doc
0 B6 chuyén FM sang AM

— Phan biét su dich pha / Tach song ti 1€
n U'dc lwong sw thay dot

— Phat hién diém Zero

— Hoi tiép tan so
n Phase lock loops (PLL)
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FM Slope Demodulator

e Co ban: sur dung bo tach do doc (slope circuit) nhu la sy khac
biét tan so, dicu nay thuc hién viéc doi tan so sang dién the

(FVC)

— Mach dd doc: dién thé ngo ra ti 1€ v tan s6 vao. Vi du: bo loc, vi

phan
s(t) d x(t)
T e HO - -
) T X(®
S()—~ H(h)=j2 nfl = XD output
‘ voltage
fregency in s(t)  voltage in x(t) . : s _ range
10 Hz J207 p
20 Hz j40rx ‘ i
: : Input frequency
range in S(f)
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FM Slope Demodulator cont.

e So d6 khoi ciia phuong phap truc tiép (slope detector = slope
circuit + envelope detector)

s(t) slope 510 envelope So(t)
circuit detector

(F(%/IVS AM) (AM demodulator)

S = A cos[Zﬂ ft+ 27k, [ m(T)dT}, where f.(t) = f. +k m(t)
Let the slope circuit be simply differentiator:

s,(t)=—A [27f, + 27k, m(t) ]sin [27[ ft+ 27k, J';m(z')dT:|

s, (1) ~—A, | 27 f, + 27k, m(t) |

S,(t) linear with m(t)

Faculty of Electronics & Telecommunications [42]



Slope Detector

| I

i

fe 1o

» f

Magnitude frequency
response of
transformer BPF.
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Ratio Detector

e Foster-Seeley/phat hién sy dich chuyén pha

— Sur dung hai bo chuyén tir tan s6 tirc thdi sang bién do tuc thoi. Bién do
thay doi duogc hiéu chinh dé tao dién thé DC & ngd ra c6 bién d6 va cuc
vO1 tan s6 tin hiéu vao.

— Vidu
+
DECREASING
FREQUENCY B Slope circuit Envelope
P ] H(f) T detector
r
OUTPYT .
VOLTAGE FM wave —e¢ Bas_eband
* . signal
I
| E Sl ircuit -
' ope circui Envelope
INCREASING I _ .
: FREGQUE HC"I’ H,(f) > detector
_ i
(
[44]
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FM Demodulator PLL

e Phase-locked loop (PLL)
— Mot mach diéu khién hdi tiép vong, tao mot tin hiéu co pha (
va tan s0) lién quan dén tin hiéu tham chiéu

o Do sw thay doéi tin sé ( hodc pha) ciia ngo vao
o Hodc thay déi tan s6 ( hodc pha) theo ngo vao

— PLL c6 thé st dung ca & diéu ché va giai diéu ché FM
o Ciing la nhw IC diéu ché can bang dwoc diing cho cd gi diéu

ché AM va FM

. Fig.2
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PLL FM

e Remember the following relations
— Si=Acos(Wct+¢1(t)), Sv=Avcos(wct+de(t))

— Sp=0.5AAV[sIn(2wct+d1+dc)+Sin(d1-dc)]
— S0=0.5AAvsIN(p1-dc)=AAV(d1-¢c)

Faculty of Electronics & Telecommunications
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Phase-Locked Loop Demodulator

FM input
S el Phase Vs _| Low-pass Amplifier Vout ;):dr?:dulaled
K, filter K, output

Voltage-controlled
oscillator

(a)

FM input signal

1

01 jiF -
i XR-2212 \_/
[T 16 Phase d t
| Vee Phase ase detector inpu

detector

0.1 uF

E _I_i| VCO quad output

i

Cbp
§ i Ghe E_AL
output Co Timing capacitor

f—{:: SND
Comp  “yco (5] @

ey Timing resistors
12 I g

30 pF oAt
& | I? Internal
I L= reference -
> MR,.FA Phase 0.1 uF
7 i 10 detector W
Feedback = output —
Demodulator resistor Op
output 8_ amp|__Noninverting E‘_‘ RC
signal Op-amp | + input Op-arip
{auidio) ]: output gain resistor
— Timing resistor
Ry
Cy Cbp Ro

i 8

sio)sises Buiwi |

(a) Block diagram for a PLL FM demodulator; (b) PLL FM demodulator using the XR-2212 PLL
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Nonlinear Effects in FM Systems

1. Phi tuyén manh, ..., diéu ché luat binh phuong, nhan tan

2.Phi tuyén yéu, ..., khong hoan hao

moi quan hé input-output phi tuyén

Vo (t) = av; (t) +a,v, (1) +av; (1)
vi(t)

Vi (t
Nonlinear oV

Channel (device)

A 4
v

Mot hé thong FM 1a cuc ky nhay doi voi phi tuyén vé pha

Nhiing loai nguon co ban : chuyén AM sang PM

5
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Electronic Amplifier

A

A A
\/
/\ CM U A: low power W

B: hlgh distortion Class B Push-Pull Amplifier
Class C Ampifer C: need a filter

but narrow band

Class & Amplifier

5
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Superheterodyne Receiver

e Chirc nang chinh cuia by nhan vo tuyén
— Giai diéu ché = lay lai tin hiéu thong tin
— Chinh tan s6 séng mang = chon dai
— Filtering = bo nhiéu/can nhiéu
— Amplification > chong lai suy hao cong suat truyén

e B0 thu Superheterodyne
— Heterodyne: tron hai tin hi¢u dé tao ra tin sd6 méi

— B0 thu superheterodyne: tin hi¢u RF heterodyne c6 bo chinh noi,
chuyén sang IF

— Phat minh b6i E. Armstrong nam 1918.
— AM: RF 0.535MHz-1.605 MHz, Midband 0.455MHz
— FM: RF 88M-108MHz, Midband 10.7MHz
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Advantage of superheterodyne receiver

Mot khéi tin hiéu ( hodc mach dién) co thé thuc hién: chon loc, chat
luong tin hi¢u, khuéch dai cong suat

B6 nhén superheterodyne gom nhiéu khoi khac nhau
Khéi RF : chon loc

Khéi IF: bo loc chp ch:éit l}r(_)’ng tin hiéu cao, khuéch dai, st dung mach
dién hoat dong ¢ tan s6 ¢o dinh IF, khong ¢ bang 16n

RF 2Amplifier b icer Fitter IF 2mplifier  Demodulataor Audio Amplifier

R

&

Local O=cillator
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FM Broadcasting

e Tan so clia mot tram phat song FM thuong dugc nhan vo1 100
kHz va tao dai tan tir 87,5 dén 108,5 MHz.

o fm=15KHz, Af=75KHz, =5, B=2(fm+Af)=180kHz

e Pre-emphasis and de-emphasis
— Nhiéu ngau nhién c6 phan phoi pho c6 hinh “tam giac” trong hé
thong FM, anh hudng cua nhiéu xay ra 16n ¢ tan s6 cao cia tin hiéu
dai goc. Piéu nay co thé diéu chinh dé dat dén mot gidi han nhat
dinh bang cach ting cudng tan sb cao trudce khi truyén va giam
ching mot lugng tuwong trng ¢ bo thu.
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FM Stereo Multiplexing

Matrixer

my(1)

(a)

Frequency
doubler

cos (2w f.1)

Matrixer
my (1) + m_(7) +
Baseband _ Oy 0
- LPF > 2= 2my(t)
BPF
Baseband
m(f) O—2ze S cerltered at LPF > 2m,.(f)
2f.= 38 kHz my(f) = m, (1)
Frequency
doubler
A
Narrowband
= filter tuned to
f.=19kHz
(b)
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(a) Multiplexer in

Fc=19KHz.

transmitter of FM stereo.

(b) Demultiplexer in
receiver of FM stereo.

Backward compatible
For non-stereo receiver

A
(No preemphasis)
L =R I L~ R||L—-R
» f
0 15 19 23 38 53 (kHz)
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TV FM broadcasting

o fm=15KHz, Af=25KHz, B=5/3, B=2(fm+Af)=80kHz
e Center fc+4.5MHz

5. z I
a_z MH24)_| |

|

|

|l .75 |

| I

I I

L LIk I o | [}
wskeE p S LSEBE ) LSE =B
1

L=
o.

Uk

s Fsound
3.573545 MHz 4.0 MH=z

I I
1.4 MHz
L=E LIS B
[ § [ §
.5 MHz .5 MHz
LSB s B
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Phan tich tan sé

e Sideband set (f.xf., fX2fm>---, fcENf 1)
e [irst-order sidebands, second-order sidebands,...

e J,(M),J,(m),...magnitudes of sidebands
e J (m) can be solved by:

J(m)_[mj”g (m/2)? (m/2) (m/2)° N
2 1'(n+1)' An+2) 3+l

e Table 6-3

e M increases, the number of significant side fregs
Increase=-bandwidth increases
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Bessel functions of the First

Kind
Modulation | Carrier Side freq pairs
index
m Jo J; J, Js Ja Js Je
0 1.00 - - - - - -
0.25 098 | 0.12 - - - - -
0.5 0.94 | 0.24 | 0.03 - - - -
1 0.77 | 044 | 011 0.02 - - -
1.5 051 | 056 | 0.23 | 0.06 0.01 - -
2 0.22 | 058 | 035 | 0.13 0.03 - -
2.4 0 0.52 | 043 0.2 0.06 0.02 -

118 8/2048 o reiccommunications

59



Bessel function versus m

+1.0 ; T T T T T T T T T T
+08 =
+0.8 ]
T
+0.7 - )
Hyim)
+06 : —1
A
+0.5 = Jalre il
Jabmy
m -
+0.4 5 Jelm e
£ ol
= +03
+0.2 -
+0.1
0
0.1
02}t —
03} ~
_0.4 1 1 i i I i | | i t
0 1 2 3 4 5 6 7 g 9 0 12

Modulation index, m

FIGURE 85 J,{m) versus m
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e EXx5-5,5.1-1,5.1-2,5.2-2
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