Bai gidng di¢n tir thong tin
Bién soan Ths Nguyén Hoang Huy

CHUONG 4: PIEU CHE VA GIAI PIEU CHE AM, FM
(10 tiér)

PHAN 1: LY THUYET (8 tiét)
Dinh nghia:
Diéu ché 1a qué trinh bién d6i mot trong cac thong s6 song mang cao tan (bién d9,
hoic tan sd, hodc pha) ty 1¢ véi tin hiéu didu ché bang goc (BB - base band).
Muc dich ciia viéc diéu ché:
— P6i v6i mot anten, birc xa ning lwong cia tin hiéu cao tan ¢ hiéu qua khi bude
s6ng caa né (twong tng ciing 12 tan sd) cling bac véi kich thude vat 1y cia anten.
— Tin hiéu cao tan it bi suy hao khi truyén di trong khong gian
— Mbi dich vu vo tuyén c6 mot bang tan (kénh) riéng bi¢t. Qua trinh diéu ché gitp
chuyén pho clia tin hiéu bang gdc 1én cac bang tan thich hop.
Piéu kién dleu ché :
— Tan sb séng mang cao tan fo > (8+10) fmax, trong d6 frax tan sd cuc dai tin hiéu
diéu ché BB
— Thong sé song mang cao tan (hodc bién do, hodc tan sb, hodc pha) bién d6i ty 1&
v6i bién d6 tin hiéu diéu ché BB ma khdng phu thudc vao tan sd caa né.
— Bién d¢ séng mang cao tan V, > V,, (bien d¢ tin hiéu diéu ché BB)
41 PIEU CHE BIEN PQ AM:
Diéu ché bién do la qua trinh 1am thay d6i bién d6 song mang cao tan theo tin hi¢u tin
tie (tin hidu bang goc).
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Hinh 4.1: BPuong bao cao tan AM lip lai dang tin hiéu diéu ché m(t) =V, cosmpmt
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4.1.1. Phwong trinh diéu ché va h¢ sb diéu ché:
Tin hi¢u sobng mang thuong 1a tin higu sin c6 tan so6 cao
Xc(t) = Ve cosmct
Tin hi¢u AM c0 dang:
yAM(t) = [Vc + m(t)].COSO)ct .
Xét truong hop m(t) 1a mat tin hig¢u sin don tan: m(t) = V,COSomt
Yam(t) = [V + Vmcosomt].cosoct = Vc[1 + Vin/VcCoSont].cosmct
= V¢[1 + macosmmt].cosmct
ma: hé s6 diéu ché (chi sb diéu ché). Bé diéu ché khong méo thi m, <1
Trong truong hop m(t) 12 tong cac tin hiéu sin don tan:
m(t) = Vicosm;t + V,Cc0smyt + V3C0Smst + ...
m, =\/ml2 +m2+m2+...

VoI m =YL i=1,2,3, ...
VC

) 2 . V. -V
Trong truong hop tong quat: m, = ™ _mn
Vi TV

max min

4.1.2. Phd cia tin hiéu AM:
Ta c0: yam(t) = [Vc + m(t)].coswct = V¢ .cosmct + m(t).cosmct

—L5Y,, =ﬂVC[5(a)—a)C)+5(a)+a)C)]+%[M (@-—0.)+M(w+o.)]
trong d6: m(t)—— M (o)

Xét truong hop m(t) 1a mot tin hiéu sin don tan: m(t) = V,COSmpt
Y =V [0(w—o.)+6(0+ )]+

m

+ [b(w-0:. —w,)+0(0-0:. +0,)+d(@+0. —0,)+0(®+0: +0,)]
A
6AC 6AC
8V 8V 8V 8V
2 2 2 2
“Wc~Om - -®c+On Oc=Om O  We+Om

Hinh 4.2: Phé cua tin hiéu AM véi tin hiéu diéu ché sin don tan
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m(t) Yam(t)

A YAM(f)
A M(f)

LSB usB
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fo - Frmax fo fo + Fumax

Hinh 4.3: V6i tin higu diéu ché phuc hop
a/ Tin hiéu diéu ché b/ Tin hiéu AM
¢/ Mat d pho 1 bién tin hiéu diéu ché d/ Mat do pho AM mot phia

4.1.3. CONg suit ciia tin hi¢u AM:
Tin hiéu AM sau dicu ché duogc cho qua dién tro 1. Cong suat roi trén dién trd khi do
goi la cdng suat chuan:
1
PAMfSt = PCfSt +E meSt
trong do: Pc.gt - cONQ Suét ctia sobng mang; Pp.s; : cONg suat cua tin hiéu diéu ché
Khi cho qua dién tr¢ R:

A SaA AN aca x S, PAM_St
Néu tin hi¢u la dién ap thi: P,, = -
Néu tin hiéu 1a dong dién thi: P,, =P,, xR

Hiéu suit diéu ché: Bang cong suat co ich (cong sudt mang tin tirc) chia cho cdng suat
cua toan bo tin hiéu AM.

1 I:)m E I:)m St
po2 2"
PAM PAM _St

Vi du: Tin hiéu AM ap duoc diéu ché bai mot tin hiéu sin don tdn m(t) = V,COSot.
Biét Vinax = 50V; Viin = 10V tinh ma? Vu? Pam trén tai R = 50Q7? Hiéu sut diéu ché.
Giai:
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m, = 0-10 0,667
50+10
V, =m,V, =0,667. (50”0) 20V
V2
P. & :702(5(”10} 12 = 4500
2 2
P St:V_m 29" _ 200w
S22
Po o + L P
C_St " 4 'm_st
P, - 2 _ 450+100 _ 1w
R 50
1
7Pm St
p=2 """ _100 g 6%
Par & 550

Nhan xét vé diéu ché bién d0 AM:

- Dé thyc hién va may thu giai diéu ché don gian, gia reé.
- CONg suat song mang khong tai tin 1on, v6 ich

- Bang thong lon gap doi can thiét nén phi va tang nhiéu.
- Hi¢u qua st dung cong suét cao tan ¢ rat nho.

- Tinh chéng nhiéu kém.

4.1.4. Mach diéu ché AM:

a. Diéu ché AM ding diode

R1

mM(t)=VmCoSmt
R,

AV

Xc(t)=Vccosct
c —_— % L

Hinh 4.4: Mach diéu ché AM don gian ding diode

Tin hiéu diéu ché m(t) va séng mang xc(t) cing duoc dit vao hai dau diode, do d6 vp
=m(t) + Xc(t) tao radong ip :

Vb

5 =1, B =a +aVvy +a,v3 +..~ a8, +aV, +a,V>
= a, +a[m() +xc ()]+ a,[m(t) + x. )T

=, +a,m(t) +a,m* (t) +a,xc (t) + 2a,m(t)x (t) +a,Xc ()
Dong ip gom rat nhié}l thanh phan tan s6. Tuy nhién, khung cong huong LC duoc thiét
ke dé cong huong ¢ tan so ¢ nén sau khi qua khung cong huong chi con lai:
ip =aXc (t)+2a,m(t)x. (t) =[a, + 2a,m(t)]x. (t) : Pay chinh la tin hiéu AM.
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Bai giang dién tir thong tin

Bién soan Ths Nguyén Hoang Huy

Vour(t)

3,

Ve(t)
Hinh 4.5: Mach diéu ché AM dung transistor
m(t) A
al \
\ t
> T, <
Vc(t) A
l I — — — — —
Vt
Vout(t) &
A
N\
Ve /
~ ]
Vt

Hinh 4.6: Dang tin hiéu ra khi khong c6 khung cong huong
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Tin hi¢u tin thc m(t)
dugc dua vao mach qua
bién ap c6 ty s bién ap
1:1 nham cach ly voi
ngudn Ve .

Nguodn xung vudng ve(t)
c6 tan s6 16n hon nhiéu
S0 v&i m(t) dong vai tro
song mang. Vv (t) lam
cho transistor Q dong
ngat bao hoa.

Mach cong huong RLC
dong vai tr0 mot mach
loc thong dai

Pién tr& R, dung dé
phan cuc cho transistor
Q dan b&o hoa.

Khi Q dan bao hoa:
Vou(t) = Q;

Khi Q ngat:

VOUt(t) = VCC + m(t)
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Khi khong cé mach cong huong RLC thi:
Vou (1) = Ve, + m(D)v, (1)

Ve(t) la m6t tin hiéu tudn hoan nén dugc khai trién thanh chudi Fourier nhur sau:

2 sino it sin3wt sin5aot 1 2. 2 . 2 .
v (t)_ —+ + +..|==+—sinot+_—sin 3ot +—sin5o.t +...
2 Vs 1 3 5 T 3 S5t
Do do:
2 2
v, (1) = [VCC+m(t)] —S|na)t+—sm3a)t+—sm5a)t+
T V4 o

Mach cong huong RLC duoc thiét ké dé cong hudng & tan sb ¢ nén:
V.. (t) =V, +m(t)]%sin .t : Day chinh 14 tin hidu AM.
T

4.15. Mach giai diéu ché AM
a. Téach song hinh bao

Vam (t) b m(t)

Hinh 4.7: Mach tach song hinh bao

Nguyén ly hoat dgng ciia mach nhw sau:

Tin hiéu AM vao lam thay doi gia tri dién ap trén diode D. Lam cho D tat hoac dan.
Khi D dan: ty duoc nap bang gia tri cia vam(t).

Khi D tat: tu xa qua dién tro R.

Két qua 1a gia tri dién ap o ngo ra m'(t) bam theo duong bao cua tin hiéu AM. Py
chinh la tin hiéu can giai diéu ché.

Két qua tach séng hinh bao phu thudc vao thoi hang o = RC. Néu o qua nho ty xa
nhanh 1am cho dudng bao bi nhap nhd. Néu o qua 16n tu xa cham khong theo kip su
suy giam cua tin hiéu AM ng0 vao (xem hinh ). Ca hai truong hop s€ 1am cho tin hi¢u
giai diéu ché bi méo dang.
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=AM ingut

Hinh 4.8: Téach song hinh bao

Linmodulated

carriar

Unmeodulatad

carner

la)

L
o
|
a

v
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Hinh 4.9: T4ch song hinh bao trong hai truong hop c6 va khong cé diéu ché

input wavaeform i e St Uy

(a)

RC tima
constant
too short

"

Quiput waveform VM ¥

RAC time
constant

& a0 long

\-l
.f"—f x
idaal T

wavaform

Cutpubwavelorm Lo oy oo 0 s
ic)
Hinh 4.10: Méo tin hiéu tach song hinh bao
Diéu kién tach séng hinh bao khéng méo ddi véi tin hiéu diéu ché sin don tan ¢ tan sd
fon:

C

m, <

TR+ X,

trong do:

XC=L= 1 : dung khéng cta tu C
me m

fm: tan so tin hiéu di€u che
Ma = hé so diéu ché
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b.  Tach song két hop
Tin hiéu AM c6 dang VAM(t) [Vc+m(t)]COScoCt Trong d6 tin hidu diéu ché tan sb thap
m(t) = Vincosont co thé dugc giai diéu ché bang cach nhan véi tin hiéu song mang

Vi o(t) = Vocos(mct+6,) va loc thong thap nhu sau:

Vam(t) v(t) m (%)
3 X o LPF |,

Vio(t) = Vocos(wct + 6o)
Hinh 4.11: So d6 khéi tach song két hop

V(1) =V, (DY, (1) = [V, + m(t)]cosw,tV, cos(w,t + 6,)
VoIV, + m(t)][
2

V(t) = cos6, +cos(2w,t +6,)]

Qua LPF con thanh phan tan s6 thap o ngd ra

V[V, +m(t)] cos0, VO;/C cosO, + V, 030

m'(t) = m(t)

Tin hiéu giai diéu ché m (t) ty 1& véi m(t).
42  PIEU CHE DSB, SSB
4.2.1. Piéu ché DSB:

T‘I'n hiéu diéu‘ ché hai biér] triét song mang DSB (Double Side Band) duoc thuc hién
bang mach diéu ché can bang nhu sau:

LE! | | T
|

—>
Vo(t)
w  3|E \g
4

@ Ve(t) _ é
2

Hinh 4.12: Mach diéu ché c4n bang
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Pay 1a bo doi tan can bang kép gdm cip Dy, va Dsy luan phién tit din bang song

mang Vv(t). Séng mang nay c6 thé sin hay chir nhat véi bién do 16n hon tin hiéu diéu
ché (V. >V o¢ > o)

g gE dgagt

S

D12 dan » D34t D12t , D34 din
Hinh 4.13

v, (t) = i(sin ot + 1sin 3wt + 1sin Sot + j
T 3 5
Mach dbi tan can bang (diéu ché can bang) thyuc hién nhan hai tin hiéu :
V. (t) = m(t)v, (1) = m(t)i(sin ot+ %sin 3wt + %sin Seo,t + j
n
Sau khi qua mach loc thong dai c6 tan s trung tim tai . con lai:
Vo (1) =2 m(t)sin .t : Day 13 tin hiéu DSB cin didu ché
n

Vi du: Gia st tin hiéu diéu ché c6 dang sin don tan c¢6 bién d6 2V, tan sé f,, = 5SKHz.
S6ng mang tan sb f, = 45KHz.

Ta co:

m(t) = Asin 2af t = 2.sin 27 (5KHz)t

v, (t) = 2sin 27 (5KHz)t sin 27 (45KHz)t +(§jsin 27 (5KHz)t.sin 27 (135KHz)t +...

v, (t) = cos 2z (40KHz)t —cos 27 (S0KHz)t + % cos 27 (130KHz)t —%cos 27 (140KHz)t

Pho cua tin hiéu ra trudc khi cho qua mach loc thong dai:

e Ty =7 B

(
) )
fm fc'fm fC+ m 3fc'fm 3fm+fm
40 50 130 140
Hinh 4.14
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Dang tin hiéu ra:

Vo(t) Te.= 1 1

INEINME
JERIILE

Hinh 4.15

A
“

Dang pho va tin hiéu DSB sau khi qua mach loc thong dai:

Vo Vo (t)

A
A

I
40 50 f(KHz) t

Hinh 4.15
4.2.2. Diéu ché SSB:
Piéu ché don bién (SSB - single side band): qua trinh diéu ché tao mot bién tan (bién
trén hoac bién dudi) cta tin hiéu AM.
Viéc thyuc hién phire tap hon nhung bang thong cao tan giam mot nira, tiét kiém bang
tan giam nhiéu.
Cong suat phat thap hon nhiéu so véi AM & cling mot khoang cach thong tin vi khong
truyén cong suat song mang 16n vo ich va chi c6 mot bién. Hiéu qua sir dung cbng suat
cao. Ty s S/N may thu SSB 16n hon AM do nhiéu giam.
Phwong phap loc (ppl): Bé c6 tin hiéu SSB céan triét song mang phu cua tin hiéu
AM, con lai hai bién DSB (Double -sideband), sau d6 loc 1dy mot bién nho BPF.

m(t)
o

VssB

X Voss BPF o

Vi o(t) = cosact

Hinh 4.16
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Phwong phap xoay pha 90° (pp2):

m(t) = V,cosomt

Xoay
pha 90°

Diéu ché
can bang
1

Ve = VC0Soct
o—>

Xoay
pha 90°

)

Diéu ché
can bang
2

Ngb ra b diéu ché can bang 1 ¢6 tin hiéu:

Bai gidng di¢n tir thong tin
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V1

SBB
> out put

Vo

V.,V
v, =V, cosw,tV, cosmt = %[cos(a)c + o, )t+cos(o, —o,)t]

Hinh 4.17: So d6 khéi phwong phap xoay pha 90°

B6 xoay pha 90° bién ddi cos thanh sin do d6 ngd ra bo diéu ché can bang 2 1a:

. . V.V
v, =V, sinw,tV, sinot = %[cos(wC -, )t —cos(w, +o,)t]

Ng0 ra bd cong con lai tin hiéu bién dudi SSB: Vssg = Vi + Vo = V V,C0S(®, - o)t

Phwong phap xoay pha séng mang 90° hai lan (pp3):

m(t)=Vmcosmt

S

— X

DCCB 1

Vi

(DO '(Dm

Sinmopt

Xoay pha

COSot

LPF1

bCCB 3

X

g - Om

Vo

DCCB 2

LPF2

V3

sinot

Xoay pha
90°

VssB

cosmct
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Hinh 4.18: So d6 khdi phuong phap xoay pha song mang 90° hai lan

Tin hiéu ngd ra bo diéu ché can bang 1:

. . V.o .
v, = m(t)sin oyt =V, cosm, tsin oyt = 7m[sm(a)0 + o, )t +sin(w, — o, )t]

Qua bd loc LPF1 con lai thanh phan: V7msin(a)0 — o)t
Tin hiéu ngd ra bo diéu ché can bang 2:

\Y
v, =m(t)cosw,t =V, cosm, tcosw,t = 7”‘ [cos(w, + o, )t + cos(w, — o, )t]

Qua bd loc LPF2 con lai thanh phén: V7mcos(a)0 _o)t

Tin hiéu ngd ra bo diéu ché can bang 3:

v, = V—stin(a)0 —o,)tsinwt = \CT”‘[(;os(a)C — @, + 0, )t —Cos(e, + 0, — o,)t]
Tin hiéu ngd ra bo didu ché can bang 4:

v, = V—chos(a)0 —o,)tcosaot = VT”‘ [cos(w, + @, — )t +cos(w, — @, + o,)t]
Qua bo cong:

V
Veg (1) =V, +v, = 7”‘(;03((0C -, + o)t

Trang 51



Bai gidng di¢n tir thong tin
Bién soan Ths Nguyén Hoang Huy

4.2.3. Ghép kénh theo tdn s6 FDM (Frequency Division Multiplexing)

Ghép kénh theo tan s6 FDM la truyén dong thoi nhidu kénh trén cac song mang khac
nhau. Pugc sir dung trong truyén hinh cép, truyén hinh quang ba, thong tin vi ba thoai
V.V...

FDM sir dung k¥ thuat diéu ché SSB truyén dong thoi nhiéu tin hiéu bang hep trén mot
kénh truyén din bang rong. Cac kénh bang hep dugc phan kénh theo tan sé khong
chong 1an nhau nho cac séng mang khac nhau:

=

v
4

5 . T v
K1 BPF 0.3k 3.4k Diéu ché BPF 64k
—® 0.3-34KHz canbing [® LSB
0SC \ 4 64k -
T f, = 64 KHz + '7
A
K2 BPF 03k 3.4k Diéu ché BPF
—® 0.3-34KHz canbing [® USB ’\
T >
64k A
[+ F—
y
: \ r I :
K3 BPF 0.3k 3.4k bieu che BPF 72k
—» 0.3-34KHz canbing [® LSB
0sC Y
T f. =72 KHz + '7
A
/I > l - 72K -
K4 BPF 03k 3.4k biéu ché BPF
—» 0.3-34KHz canbiang [® USB /|

Hinh 4.19: So d6 khéi cua thiét bi ghép kénh FDM 4 kénh
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BPF
LSB
Bal Mod
BPF
1 o— L1 X ?-:
”~
03:3.4 N 12 kénh thoai
108 KHZ - B = 48 KHZ BPF
LSB LSB
Bal Mod @ 60 kénh thoai
= 4 B =240 KHZ
2 o—lBPF | | X I R o3| X
ey 2l +
N 612 Nz
104 KHZ @ 600 kénh thoai
Egg ol X B = 2520 KHZ
Bal Mod 1
~<
12 ¢BPF | | X HH{ ~ 564 KHZ \L
= ®
N (U 600)
64 KHZ o X H
sub carrier
N
) o 420 KHZ
1 nhém 12 kénh cap 1-FDM

5 nhom cép 1 = 60 kénh = 1 siéu
nhém FDM cép 2 1116 KHZ

10 siéu nhém = 1 nhém chi
FDM cép 3

Hinh 4.20: So d6 khéi cia mot hé thong ghép kénh FDM 600 kénh thoai
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43 PIEU CHE GOC FM VA PM:
Piéu ché goc 1a mot dang diéu ché quan trong ding trong théng tin, vi tinh chong
nhiéu cia né tot hon diéu ché bién do AM.
Tin hiéu séng mang cao tan khi chua bi diéu ché 1a don hai, x4c dinh boi:
Xc(t) = Vccos(wct + @g) = VcCoso(t)

trong do: @ (t) = ot + 0 : pha tirc thoi cia dao dong cao tan, xac dinh trang thai ciia
tin hiéu tai thoi diém t. o : tAn s6 séng mang; ¢o: pha ban dau
Giira tan sb va pha ¢ quan hé:
a)(t)zmz f(t):im

dt 27 dt
o(t) = j w(t)dt =27 j f (t)dt
o(t): tAn sb tic thoi - tan sd tai thoi diém t
Néu tin hiéu diéu ché tan thap m(t) 1am thay d6i pha tirc thoi ta c6 diéu ché goc. Trong
diéu ché goc, bién d6 song mang coi nhu khong ddi. Co hai truong hop:
Néu m(t) lam thay déi tan sé a ta c6 diéu ché tan s6 FM (Frequency Modulation)

Oy (t) = % = o, +k;m(t) = p(t) = ot +k, [m(t)dt

do do, tin hiéu diéu ché FM c6 dang: yp,, (t) =V, coslo,t +k, [m(t)dt)
Néu m(t) lam thay déi pha ban dau g ta ¢6 diéu ché pha PM (Phase Modulation)
@, =k,m(t) = o(t) = ot +k,m(t)
do do, tin hi¢u diéu ché PM co dang: Y, (t) =V, cos(w,t + k,m(t))
do(t) _ o, +k dm(t)

r 2 2 2 dtr p dt 2 2
Ta nhan thay gitra di€u tan va diéu pha c6 moi quan hé tuong quan. D¢ c6 tin hi¢u dicu
tan FM thi tin hiéu tin tarc cho qua mach tich phén r6i sau d6 di qua mach di€u pha
PM. Nguoc lai, D€ c6 tin hiéu diéu pha PM thi tin hi¢u tin tirc cho qua mach vi phan
roi sau do6 di qua mach diéu tan FM
4.3.1 PDieu che tan so FM:
bé don gian phan tich, cho m(t) = V,coSont va pha ban dau song mang 6, = 0. Tin
hiéu. FM c0 dang nhu sau:

tan s6 tirc thoi clia tin hiéu PM: wy,, (t) =

V
Yeu () =V, cos[a)ct +—"sin wmtj =V, cos(w,t +m, sin a,t)
a)m
. kK:V., A Lo .
voi:  m, =——" =22 chi 6 didu ché
w0, o

Aw=k,V, : d0 di tan
Pho ciia tin hi¢u diéu tan:
X6t FM dai hep (NBFM : m; < 0.25)
Néu d6 di tan nho (m; < 0.25), ta co:
Yem (1) =V, cos(@,t + m, sin w,t) =V, {|cos(m, sin w,t)|cosw.t — [sin(m;, sin w,,t)|sin ot

Yeu (1) =V, [(1) cosw t—(m, sinw,t)sin a)ct] =V, [cosa)ct —m, sin @, tsin a)ct]
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—E Yy (@) =V, {7[8(0 - 0,) + 5 (0 + o) ]+
ﬂrnf
+T[5(a)—a)m —0,)-5(0+0, -0,)-5@-0, +0,)+5@+0, +o,)]
Pho tin hiéu FM déi hep gém séng mang va hai bién tuong ty AM.

Xét FM ddi rong (WBFM: wideband FM m; > 0.25)
Yeu ) =V, cos(a)ct +m; sin a)mt)
Yem(t) 6 thé khai trién theo cac hé s6 ciia ham Bessel nhu sau:

Yeu (0 =VC{JO(mf )Cosw, t+ i\] S(m;, )[cos(a)C +no,)t+(-1)" cos(w, —nw, )t]}

Bién d¢ cua ching ty 1¢ vdi ham Bessel loai mgt bac n
(m)" 1 (m;,,)° N (m ;)" B (m,,)°
2 |nl I(n+)! 21(n+2)! 3(n+3)!

Jn(mf):

Bang cac hé so cia ham Bessel twong tmg v&i mot so chi so diéu che my
my Jo J]_ Jz J3 J4 Js Je J7 Jg Jg JlO Jll J12 J13 J14

000 1.00 -— - - - - - - - - = = - -
025 098 012 - - - -  _— - = = - _ _ _ _
05 094 024 003 - - - - _  _ - Z _ _ _
10 077 044 011 002 - - - -  _ - _ _ _
15 051 056 023 006 001 - - - - - - = _ _ _
20 022 058 035 013 003 - - -  _ - - _ _ _
24 0 052 043 020 006 002 - - - - - - - _ _
25 005 050 045 022 007 002 00l - - - - - - - _
30 -026 034 049 031 013 004 001 - - - - - - - -
40 -040 -0.07 036 043 028 013 005 002 - - - - - _ -
50 -0.18 -0.33 005 036 039 026 013 005 002 -  — - - _ _
60 015 -0.28 -0.24 011 0.36 036 025 013 006 002 - - _ - -
70 030 000 -030 -0.17 016 035 034 023 013 006 002 - - - -
80 017 023 -011 -029 -0.10 019 034 032 022 013 006 003 — _ _
9.0 -009 025 014 -0.18 -018 -006 020 033 031 021 012 006 003 001 -
100 -025 0.05 0.25 0.06 006 -0.23 -0.01 022 032 029 021 012 006 003 0.01

Ph6 FM diéu ché don am f,, v6i cac gia tri m; khéac nhau:

T17% 1lirllr, ﬂﬂUﬁTT

Hinh 4.21
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Bing théng cia tin hi¢u diéu tin FM

Ve ly thuyet dd rong bang thong cao tan tin hi¢u FM v cung lon, tuy nhién thyc té

quy dinh gidi han bang thong FM dén thanh phan pho bién J (m,)>0.01J (m,)

Béang thong nay tinh theo cong thirc:

By = 2(Af + f,)

V6i: f - tan sb tin hiéu diéu ché tan thip bang gdc

Béang thong 3dB ciia mach cao tan phai 16n hon bang thong tinh theo cong thirc trén dé

khong meo.

Cong suat cia tin hi¢u diéu tan FM o ’

Tong cong suat cao tan tin hiéu di€u tan khong do6i, bang cong suat song mang khi

khong c6 diéu ché. Goi V. 1a bién do do song mang FM khong dieu ché trén tai R, ta
V 2

c6 cong suat song mang: P, (m,) = R = Pyl

Cong suat FM khi c¢6 diéu ché:

Pew (M) = P (M =0)[J5 (M) +237(m()+237 () +...+ 232 (m,)]

FM dai hep (NBFM) dung trong thong tin loai FM v6i do di tan (5+15)KHz.

FM dai rong cd tinh chong nhiéu cao dung trong phat thanh FM Stereo, tiéng TV, vi
ba, truyén hinh vé tinh. D¢ di tan cuc dai FM ding trong phat thanh va tiéng TV 1a
+75 KHz.

4.3.2 Piéu ché pha PM
Biéu thirc ctia tin hiéu diéu pha: y,, (t) =V, cos(w,t + k,m(t))
Xét truong hop tin hiéu diéu ché 1a sin don tan: m(t) = Vycosmpt
Yem (1) =V, cos(a) t+k,V, cosw t)—V cos(a)ct+mp cosa)mt)
trong do: m, = KoVim - hé s6 diéu ché
Biéu thirc nay glong bleu thirc cua tin hiéu diéu tan FM nén qué trinh phan tich pho,
bang thong va cong sudt glong nhau. Véi mot hé s6 diéu ché cho trude thi twong quan
giita bién do, phd va cong suat ciia PM va FM 1a hoan toan nhu nhau. Sy khac biét vé
pho ciia PM va FM c6 thé phéan biét khi tang hodc giam tan so tin hiéu diéu ché f,, :
PM: m, = k,Vy — khong phu thude vao f,,

KiVi  Aw  Af

FM: m, = PP — ty I€ nghich vai f,

m m m

Do PM ¢6 m, khdng phu thudc vao fn nén bang thong cua tin hiéu PM nho hon cua
FM, do d6 nhiéu ithon vaty sO tin hiéu trén nhidu S/N 16n hon trong cliing diéu kién.
Tuy nhién, FM van duge st dung rong réi trong phat thanh quang ba do qua trinh lich
sir ton tai va may thu FM don gian, ré hon may thu PM.

Piéu ché pha s6 PSK — dang dic biét cia diéu ché pha PM dugc ting dung rong réi
trong thong tin sb.
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4.3.3 Mach ché tin s6 FM dung Varicap

+Vece

m(t)

Re —— C “—Cs Cvi §R
4

Hinh 4.22: Mach ché tan s6 FM ding Varicap va mach dao dong dang Clapp

. 1
Tan s6 dao dong cua mach: w(t) =
JLC(
1 1 1 1
R A R Y RN 0)
trong do: (doC,,C,>C3+C,)
C,( S

t =
) J1+2Vpe +m(t)]
V6i Cy 12 dién dung cua varicap khi dién 4p phan cuc nguoc bang 0

Khi khang c6 tin hicu didu ché (m(t) = 0): C, = C,y = —20 5 =+

JI+ 2V, ° JL(C,+C,)

Pay chinh la tan s6 trung tm cua tin hi¢u diéu ché tin s FM.
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4.3.4 Mach diéu ché tan s6 FM ding PLL

| k¢ a
Phase LPF Vg Vo
Voc Detector
i o i
fo = frm VCO
N b i

Hinh 4.23: So d6 mach diéu ché FM ding Phase Locked Loop

Tin hiéu diéu ché m(t) duoc so véi dién ap Vpc boi bd so pha — tin hiéu ngd ra bo so
pha:

vy =m(t)Vye

Neéu m(t) c6 tan sO nam trong dai thong ctia bo loc thong thap LPF thi:

Vo =KaVg =K, Vpem(t)

Dién ap Vo s& lam thay d6i tan s6 ngd ra cia VCO mot luong 1a:

Af =1, — T, =Kkovy =Kok\Vpem(t) = m,m(t)

— f, = fy +mym(t) = f,

Pay chinh 1a tin sb diéu ché FM voi tan s6 song mang 12 tan s6 dao dong tu nhién fy
cua PLL. ‘ ’ ‘

Dbée c6 tin hi¢u dieu cheé FM thi d¢ di tan phai nho hon dai khoa cua PLL:

Af < B,

KoK WV M(t) < 7KK 4K,

— Vpem(t) < 7k,
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4.35 Mach giai diéu ché tan s6 FM dung PLL

fr = fu+ my m(): Ko kA
o i Vo
| Phase LPE \'
: Detector
; ko i
VCO |
: fn

Hinh 4.24: So d6 mach giai diéu ché FM ding Phase Locked Loop

PLL giai diéu ché dugc cai dat tan sé dao dong tu nhién bang véi tan sd trung tim cia
tin hiéu FM ng0 vao.
Su sai l&ch giira tan s6 tin hiéu FM ngd vao fry Va tan s6 dao dong ty nhién cia VCO
fy tao ra dién ap o ng0 ra:
v, :gzﬁzﬁm(t)

k0 k0 k0
Pay chinh Ia tin hi¢u giai diéu ché. Dé tin hiéu giai diéu ché khong méo thi dai khoa
cta PLL phai 16n hon d6 di tan ciia tin hiéu FM & ng6 vao.
4.3.6 Phat thanh FM Stereo
Nhu ciu phat thanh FM dén nam 1945 dugc nang cao. Nguoi ta mong mudn truyén
duoc tin hiéu dién ta Am thanh cia hai kénh trai va phai riéng biét ma van giir FM
mono truyén thong. Tir nhu cau trén, ngoai tin hiéu L + R truyén thong ngudi ta truyén
thém tin hiéu L — R bang phuong phéap ghép kénh FDM.

T_E_, t
50 15k 23k 38K 53k

L 50 15k

»

+ L+R | Delay
Diéu ché

+ FM

Diéu ché
R - can biang

I—&—' L X 2 OSC - 19 kHz

Hinh 4.25: So d6 khdi mach tao tin hiéu FM Stereo
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Hinh 4.26: So d6 khdi mach giai mé tin hiéu FM Stereo

LPFE 50 15k
| 0-15k
L+ R
Giai didu 23 sk 5k
hEEM 1= BPF Gigididu |
" 23k - 53k ché can -
bang I
38k
Cong J 50 15k
hudng 19k " x2

2L

2R

Tan s6 19kHz goi 12 tan sé pilot duwoc dung dé khoi phuc lai song mang 38kHz phuc

vu cho gidi diéu ché can bang.
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PHAN 2: BAI TAP (2 tiét)
1. Cho tan s6 song mang AM 1a 1MHz, bién d6 100V trén tai 50. Tin hiéu diéu ché:
m(t) =V, cos2f,t +V, cos2xf,t ; f; = 1kHz, f, = 5kHz
a. Hé s6 diéu ché tuong ung: mp; = 0.2, ma, = 0.3
b. V& pho tin hiéu AM. Tinh cong suat tin higu?
2. Xac dinh tan sb tin hiéu diéu ché 16n nhét c6 thé khi sir dung mach tach song hinh
bao c6 R = 10k, C = 1000pF va m = 0.5.
3. Cho VCO c6 d90 nhay ko = 3kHz/V, dugc diéu ché boi tin hi¢u m(t) =
2sin(2w.4kHz)t (V). tan s6 song mang trung tam fy = 1MHz.
a. Tim d di tan Af? H¢ s6 diéu ché my.
b. Viét biéu thirc tin hiéu FM biét bién d6 song mang 1a 10V?
4. Cho tin hiéu FM: vey = 1000cos[2w10't + 0.5cos2010%t] (V) trén tai anten 50.
a. Tinh cong suat FM? m;? Af?
b. Tinh d6 nhay diéu ché k; néu AV,, = 200mV? V& phoé FM
5. In a AM system, what is meant by the following terms: modulating signal, carrier,
and modulated wave?
6. For an envelope with Vi = 40V, Vi = 10V, determine:
a. Unmodulated carrier amplitude
b. Peak change in amplitude of the modulated wave
c. Coefficient of modulation
7. For a modulation coefficient m = 0.2 and a carrier power P, = 1000W, determine:
a. Sideband power
b. Total transmitted power
8. For a AM-DSB wave with an unmodulated carrier voltage of 25V and a load
resistance of 50Q2, determine:
a. Power of unmodulated carrier
b. Power of unmodulated carrier and the upper and lower side frequencies for a
modulation coefficient m = 0.6.
9. Determine the maximum modulating signal frequency for a peak detector with the
following paramaters: C = 1000pF, R = 10kQ, and m = 0.5. Repeat the problem for m
=0.707.
10. For a FM modulator with modulator with modulation index m = 2, modulating
signal v (t) = Visin(222000t), and an unmodulated carrier v(t) = 8sin(2n800kHzt):
a. Determine the number of sets of significant sidebands.
b. Draw the frequency spectrum showing the relative amplitudes of the side
frequencies.
c. Determine the bandwidth
d. Determine the bandwidth it the amplitude of the modulating signal increases
by a factor of 2.5.
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