BAI 1: GIOI THIEU HE THONG
TRUYEN THONG
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PINH NGHIA

Truyén thong dién tir 1 qua trinh N

X ly thong
tin

Str dung cac mach dién tur
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SO DO KHOI

HE THONG TRUYEN THONG:
- TRUYEN THONG TUONG TU
- TRUYEN THONG SO

Dt liéu

‘ MOI TRUONG Dt lidu
nguon

TRUYEN dich

BO PHAT
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VI DU HE THONG TRUYEN THONG

Es

MODEM TUONG TU MODEM SO

WAN/LAN

(DIGITAL)

IP
TUONGTU GATEWAY

IP
GATEWAY TUONG TU
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VI DU HE THONG TRUYEN THONG

RADIO
STATION

TUONG TU TUONG TU TUONG TU

#

TUONGTU  CODEC CODEC TUONG TU
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MOI TRUONG TRUYEN DAN

« Cap déng (cap X04n,

Htru tuyén cap dong truc, ...)
* Cap quang

. * Khong khi
AN\ /ci8 e Chan khong
» Cac mo1 truong khac
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TIN HIEU CHUA THONG TIN

< TUONG TU = LIEN TUC

ANAANAANANNN
VVUVVVVVVVUV

o ANV A
V\j\/\/\/\/

< SO =ROIRAC

7 9/12/2010



PIEU CHE / GIAI PIEU CHE

4+Piéu ché: Chong tin hiéu chira thong tin & tan so thap
(intelligence signa/ information) véi tin hi¢u song mang ¢ tan so
cao (tan so translation) dé€ truyén di.

+Giai dieu ché: giai ma tin hi€u chira thong tin tan s6 thap tu tin
hiéu tan so cao nhan duoc.

4+Tai sao phai diéu ché?
Trén thuc t€ khong thé truyén tin hi¢u ¢ tan s6 thap trong khong
gian nén phai tién hanh di€u ché.
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PIEU CHE / GIAI PIEU CHE

Tai sao song mang phai cé tan so cao?

+Truyén dong thdi ma khong giao thao.

+Xay dung cac anten nho. (1.e 74 budc song)

(¢ tan s6 audio, kich thudc anten 1én dén hang dim)

Diéu ché 1a thay doi tinh chat ciia séng mang theo tin hiéu chira
thong tin.

»Modulating sinal = tin hiéu chira thong tin tan so thap (tin hiéu
dai goc)

>Unmodulated Carrier = sdbng mang tan so cao.

»Modulated wave = tin hiéu két qua




TIN HIEU PIEU CHE
(CHUA THONG TIN,
TAN SO THAP)

PIEU CHE

BO PIEU CHE
(UP CONVERTER)

DAO PONG TAO
SONG MANG
(TAN SO CAO)

10

SONG PUQC PIEU CHE

MOI TRUONG TRUYEN
(KENH TRUYEN)
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GIAI PIEU CHE

, . . TIN HIEU GIAI PIEU
SONG bUQC DPIEU CHE I BO GIAI PIEU CHE CHE
A . . (DOWN CONVERTER) (CHUA THONG TIN,

(KENH TRUYEN)

LOCAL OSCILLATOR
(TAN SO CAO)

11
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LOAI PIEU CHE

@ TRUYEN THONG TUONG TU
ANALOG RADIO

« AM, FM, PM (Diéu ché twong tw)
@ TRUYEN THONG SO

DIGITAL RADIO

« ASK, PSK, FSK, QAM (Piéu ché sd)

TRUYEN TAI SO

- PWM, PPM, PAM, PCM/ADPCM/DPCM
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HE THONG
TRUYEN THONG TUONG TU

Hé thong truyén thong tuong tu: ning luong dugce phat/ nhan & dang
twong tu.

« ANALOG TRUYEN TAI: tin hiéu mang thong tin 13 twong tu
Khong di€u ché, tin hi€u dai1 goc duoc truyén qua cap dong

*ANALOG RADIO: tin hiéu diéu ché va song mang déu 1a twong
tur.

Diéu ché (i.e. AM, FM, PM), Tin hiéu SSB/DSB duoc
truyén trong FREE SPACE/ khi quyén trai dat (lan truyén RF).
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HE THONG TRUYEN THONG SO

* DIGITAL TRUYEN TAI - HE THONG SO THAT SU:

Xung s6 (i.e. TTL, NRZ, PCM) duoc truyén trén cap dong/
cap quang (khong c6 song mang tuong tu). Thong tin dang tuong
tu/ sO (can chuyén doi A/D VA D/A).

* DIGITAL RADIO:

S6ng mang tuong tu duoc diéu ché so(i.e. PAM, QAM,
ASK, PSK, FSK, PWM). Truyén qua cap dong, cap quang hay
FREE SPACE
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SONG MANG HINH SIN

AYARY

v(t) =V sinQAft + 6)

15

t
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SONG MANG PIEU CHE
v(t) = Carrier Signal
V = Amplitude

1 0,
f = Frequency = =5
_ _ 4
¢ = Angle = Phase o I
TINHIEU  DIEU CHE Cosin
DIEU CHE == AM FM PM
TUONG TU l l l
V(t) =V sinQaft+6) - s
T T T PIEU CHE
}21;[? EEH[;E =) ASK FSK  PSK QAM
SO PiEU CHE 1 1 |
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PHO PIEN TU

Tin hiéu thong tin dugc chuyén doi sang ning luong séng
dién tir va ¢ thé lan truyén trong mot ddy tan so:

% Thé hoac dong theo cap dong.

*»+Song radio phat trong free space.

“*Song anh sang & cap quang.
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TAN SO TRUYEN
(FCC CAP)

FREQUENCY
RANGE DESIGNATION EXAMPLE
30 Hz - 300 Hz ELF AC POWER (60 Hz)
.300Hz - 3 kHz VF VOICE (SPEECH)
3 kHz - 30 kHz VLF MILITARY SYSTEMS
30 kHz - 300 kHz LF NAVIGATION
300 kHz - 3 MHz MF AM (535 kHz - 1605 kHz)
3 MHz - 30 MHz HF SHORT WAVES (CBs)
30 MHz - 300 MHz VHF FM (88 MHz - 108 MHz)
VHF TV Chs 2 - 13 (54 MHz - 216 MH2)
300 MHz - 3 GHz UHF TV Chs 14 - 83, CELLULAR PHONES
f >1GHz UHF MICROWAVE, SATELLITE COMMUNICATION
3 GHz - 30 GHz SHF MICROWAVE, SATELLITE COMMUNICATION
SPECIALIZED RADIO COMMUNICATION
30 GHz - 300 GHz EHF APPLICATIONS
300 GHz - 300 THz = INFRARED HEAT SINK GUIDANCE SYSTEMS
VISIBLE

300 THz - 3 PHz LIGHT OPTICAL FIBER SYSTEMS



BUOC SONG [ 4 ]

Buwde song: chiéu dai mot chu ky ctia song radio (EMV)
chi€ém trong khong gian.

[N\ [

\

‘ <

[m ]

—> |
—
&« | =
N

\/

— A

\/

A =Wavelength [m/cycle]

v = Speed of light
f = frequency

19

[3%x10°m/s]
[cycle /s, Hz]
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BUOC SONG [ 4 ]

Vi DU:

f =1kHz, f =100kHz, f =10 MHz
Xac dinh budc song A

8

/1:3?012 = 3x10° m
8

/1:3?012 = 3x10° m Tf,\Lﬁ
8

/1:3x10 _ 30 m

10
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BANG THONG

> Pho cua tin hiéu 13 dai tan s6 cua tin hiéu.
>Bing thong tuyét doi (absolute bandwith)cua tin hiéu 1a do rong
pho (nhiéu tin hiéu c6 bang théng vo han).
>Hau hét nang lugng cia tin hiéu chira trong 1 dai tan so tuong doi
hep go1 1a bang thong hiéu qua (effective bandwith), con goi la
bang thong 3dB, zero crossing bandwith , hay purely bandwith, B
[Hz]:

B = fricH- fLow [H

CRITERIA: | B¢ > B

Kénh truyén thong khong thé lan truyén tin hiéu chira dai tan so
16n hon bang thong cua kénh truyén do




PHO TAN SO, BANG THONG

A||:(a))| B

IF (@)
‘ F (C()o) i

V2

— Mo ) Ao

f (1) «—> F (o)
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PHO TAN SO, BANG THONG

Vi DU:
Cho thoai (speech, not hif1): 300 hz - 3000 hz

Kénh truyén thoai can bing thong nho nhat
la: 3000 Hz — 300 Hz =2700 Hz
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DUNG LUQNG KENH TRUYEN

Luong thong tin c6 thé truyén di trén kénh truyén trong

mot khoang thoi gian.

HARTLEY’S LAW (BELL LABS)

Dung lugng kénh truyén 1a ham tuyén tinh:

CxBxt

24

C: dung luong kénh
B: bang thong kénh (Hz)
t: thot gian truyén tai(secs)
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MOI QUAN HE BANG THONG DU LIEU
SO & DUNG LUQNG KENH TRUYEN

Trong 1 kénh truyén co6 nhiéu, ty 1é tin hiéu trén nhiéu (S/N) la ty 1&
cua nang lugng tin hi€u trén nang luong nhi€u dugce do ¢ bo nhan

Signal  Power
Noise Power

(S/N)w =10 log

SHANNON’S HAYEM (BELL LABS)

C: channel capacity (bps) / bit rate
B: channel bang thong (Hz)

S/N: ty s tin hiéu/ nhiéu B C

S S
C =B1 ] + — | ] + —
0g 2 ( N) og 2( N)
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DUNG LUQNG KENH TRUYEN

VI DU

Str dung kénh thoai dé truyén dit liéu s6 thong qua Modem
B =3100Hz, S/N =30 dB = ratio CUA 1000:1

C =B log 2(1+%) = 3100 log 2(1+1000) = 30,894 bps

Toc d9 nay chi 1a maximum 1y thuyét.
Khong thé dat dwogc v6i co ché ma hoa
2-level binary.

» Giit nguyén tat ca cac yéu to, ting bang thong lam ting téc do
dir lidu.
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TOC PO BAUD VS TOC PO BIT

Bit rate = so bit trén 1 giay.
Baud rate = s0 symbol trén 1 giay.

St dung co ché mi hoa da level dé dat duoc 2101 han Shannon.
Truyén M thanh phan tin hiéu, mdi thanh phan n bits .

M =2"
Vidu: Hé théng 2-level binary: M =2, N=1.
Mot thanh phan tin hiéu = 1 bit.

Truyén mot thanh phan tin hiéu = Truyén 1 bit
(BAUD RATE = BIT RATE)

Vidu: 16-QAM. M = 16, N = 4. M6t thanh phan tin hiéu = 4 bit.
Truyén mot thanh phan tin hi€u = Truyén 4 bit

9600 bis = 2400 bauds.




CHE PO TRUYEN

» Pon cong (Simplex) [SX]: chi truyén 1
hudng, hé thong chi truyén hoac nhan. X

Vi du: radio station.

* Ban song cong (Half Duplex) [HDX]:
Truyén ca 2 huéng khong dong thoi X/R [— - -
Vidu: CB Radio

* Toan cong (Full Duplex) [FDX]:

Truyén ca hai huéng dong thoi (truyén X/R |«

» X/R

thong diém diém)
Vi du: telephone system

* Full/Full Duplex [F/FDX]: X/R| | XR
Truyén ca 2 hudéng, dong thoi (truyén I I
thong da di€ém) )

Vi du: Hé thong truyén thong dit lidu




TWO-WIRE TRUYEN TAI

Pon cong, mach thu dong:

TIN HIEU ‘

X R
REFERENCE (RETURN PATH/GND)

Pon cong, mach chu dong(bo khuéch dai duoc sir dung):

Van dé X T A | o | PULIEUTUONGTY:
- BO KHUECH DAI
suy hao DU LIEU SO:
\ A * TRAM LAP
Toan cong:
HYBRID HYBRID
X _ |mobutation/ | X
“J MULTIPLEXING| " 1
R R
2-wire
4-wire 4-wire
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FOUR-WIRE TRUYEN TAI

Toan cong, mach chu dong:

X y R

R Q X

*Mach ton chi phi it hon
Khong can Hybrid, bo di€u ché

*Chi phi cao khi van hanh (Chi phi day + lao dong)
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HYBRID

» Can thiét ké khi mach 2 day duoc nodi vai mach 4 day

- Hybrid cung cap phoi hop tro khang, trd khang can
" béng dé loai bo hién tuong echo (do su phan xa)

HYBRID . X : ol on R
- Hybrid cung cap su tach biét gitra 2 tin hi¢u
.
D
HYBRID
SYMBOL
HAI DAY Z 4 DAY
-
-




HYBRID

2-wire

2-wire | HYBRID

“ 2-wire
/

2-wire
/
/ /

HYBRID

2-wire

/

32

2-wire
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TELEPHONE SET
AT CPE

HYBRID

TELEPHONE SET
AT CPE

TONG PAI TRUNG TAM
(CO)
CUSTOMER LOOP .
(LOCAL LOOP) 2/'““*
e » HYBRID
TRUNG KE —— W dowire
4-wire
CUSTOMER LOOP
(LOCAL LOOP) 2-wire
/

> > HYBRID




HYBRID

TELEPHONE SET (POTYS)
< TIP > —> BO NHAN
TO LOOP - (LOA)

RING HYBRID

A
A 4

BQ PHAT
«—  (MICROPHONE)

34
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ECHO

SET A
(TALKING)

ZMISMATCH: ™ — . — . — . s — e — .. N
REFLECTION ECHO NGUOI NGHE

Z MISMATCH:
REFLECTION
SET B ECHO NGUOI NOI
(RECEIVING) e

A 4

>

HYBRID

35
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BO GIAM ECHOS

* BO do thoai/ Tone — Khi 1 phia dang no1 thém suy hao 35 dB hay
hon trong dudng vé cua mach 4 day.
* Néu ca 2 phia n61 dong thot, ngudt no1 voi tin hieu manh hon sé

diéu khién chuyén mach va co thé nghe dugc
* Sir dung cho trung ké dai hon 1800 dam.
 Cac Tone dac bi€t co theé dugc st dung deé tat bd giamEcho.

Khuyét diém:

e Chi ¢6 thé dat duoc ban song
cong.

» Poan bat dau thoai c6 thé bi
cat bo (khi doan hoi thoai doi
hudng dot ngdt).

Dl

BQ DO THQAI/ TONE

M »»




BO HUY ECHO

e Huy Echo 1a k¥ thuat xir 1y tin hiéu s6 dé dy doan echo cho tin
hiéu td1, khoang du doan duugc tru di khi tin hi¢u trén duong ve.
e BO huy echo dugc ndi voi phia 4 day cua bo Hybrid.

X(t)

X(t)

ECHO p >
CANCELER HYBRID

Y(t)

<

AU

Z(t) - ACTUAL X(t)’s ECHO
< + Z°(t) - ESTIMATED X(t)’s ECHO

E)=Y@®)+[Z(1t)-Z(t) ] Y(0) + Z(t)
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MIXING

Mixing 1a qua trinh két hop 2 hay nhiéu tin hiéu

*Linear mixing: Cac tin hiéu vao duogc két hop tuyén tinh
thong qua thiét b1 tuyén tinh. Khong ¢6 thanh phan tan
sO0 madi dugc tao ra.

Non-linear mixing: Cac tin hiéu vao dugc két hop khong
tuy€n tinh thong qua thiet b1 khong tuyén tinh. Cac thanh
phan tan s0 maéi dugce tao ra.



LINEAR AMPLIFIER
e, \ o GAIN

> 1
f!
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Amplitude

LINEAR MIXING
(MULTIPLE-INPUT

vin - V&
—_—
fa Linear Vour = AV, + Ay
amplifier
Vo= Y% (A) fott
I
(a)
4 1‘ 3
3 2
>t = >t 3
£ =
4 {
Vin = Vb
Vour = AV, + Avy
(b)

Amplitude
— — —
— b{
e u'{
Amplitude
CEEpRE S S

(c)

40
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NON-LINEAR MIXING
(SINGLE-INPUT FREQUENCY)

Vin =V, m Vo =Av, +Bv2 + Cv3 + ...
—_—e———3=1 amplifier o
fa (A) (B) (C) f,+2f, = 3ff+ -

HARMONICS
(a3 UNDESIRED: FREQUENCY DISTORTION

Vin = V, Vo =Av, +BvZ 4+ Cv3 4+ ...
(b)
Av,
@
gf Vg ET Bv 2
a 4 Cv?
2 £ | | T
< | - f % | > f
i, f, 2f, 3f,

(c}
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NON-LINEAR MIXING
(MULTIPLE-INPUT FREQUENCY)

Nonlinear Vour = Alv, +vp) + Blv, +v,0? + Clv, +vp )3+

W £ bR A 2E 2 Bl S (T e ) 4 (2, ) e
Vin = Vp
fo CROSS PRODUCT FREQUENCIES

UNDESIRED INTERMODULATION DISTORTION
DESIRED: MODIiLATION

+ |

I | ©
8| s = .
=1 = =R S . . —
Efmmm === a»t EFEFC— X7 5 | -
E | E | E
< % :

|
Vout = ALV, + vy} + Bly, +v,)?

V. =V, Vin = Vg
" # +Clvg +v P+ -0

WHEN 2 OR MORE FREQUENCIES ARE'AMPLIFIED IN A NONLINEAR DEVICE,
HARMONIC AND INTERMODULATION DISTORTIONS ARE PRESENT AT THE

OUTPUT boay oy,

@ I o |

< | B |

= | v, Vi S |

[=% [=%

El 1=

< » f <L £

f fi, o f fy Various harmonics and cross
products of f, and f,

(c)

42
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NON-LINEAR MIXING
(MULTIPLE-INPUT FREQUENCY)

* v, Vg
. : HARMONIC DISTORTION
2
g | ‘ | (f — Ilf)
< |
: I _
f. & 2f, 2f; 3f, 3f, 4f, 5f, 6f, 5f, etc.
af, Multiples of
f, and f,

{a)
OUTPUT SPECTRUM FROM A NONLINEAR AMPLIFIER WITH TWO INPUT

FREQUENCIES,
T INTERMODULATION DISTORTION
2 |
g | (CrROSS PRODUCTS = Mfa + nfp
£ | ‘ | | m,n =1,2.3,......)
. I I .
fo-1f,  f, f tsfh = B ok 3, + 1, etc.
Higher-order
26, ~2f,  fp+f, ﬁﬁjsaﬁfzms

(b)
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NON-LINEAR MIXING
(MULTIPLE-INPUT FREQUENCY)

Vi du:
Khuéch dai phi tuyén véi 2 tan s6 5 kHz and 7 kHz,

e Xac dinh 3 hai dau tién cua tin hiéu ngd ra moi tan so:
5 kHz, 7kHz, 10kHz, 14 kHz, 15 kHz, 21 kHz
e Xac dinh tich chéo voimvanco gidtrila 1 va 2

7 kHz +- 5 kHz=2 kHz and 12 kHz

7 kHz +- 10 kHz = 3 kHz and 17 kHz

14 kHz +- 5 kHz = 9 kHz and 19 kHz

14 kHz +- 10 kHz = 4 kHz and 24 kHz
44
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NHIEU

PHAN TICH



NHIEU

Nhiéu dién dugc dinh nghia la nang luong di¢n khong
mong mudn ro1 vao dai qua cua tin hi¢u

Tin hi€u khong c6 nhiéu Tin hi€u co6 nhieu
X X

TN L NN

t -t
(a) {b)

MEDERNVLLNY RS
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NHIEU

Nhiéu duoc phan loai:

« NHIEU TUONG QUAN: C6 mdi quan hé giira tin hiéu
va nhiéu (Nhiéu chi ton tai khi ton tai tin hiéu)

« NHIEU KO TUONG QUAN: Nhiéu ton tai trong sudt
qua trinh bat chap tin hiéu c6 hay khong.
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NHIEU KHONG TUONG QUAN

Nhiéu khong tuong quan dugc phan loai:

*NHIEU NGOAI: Nhiéu phat sinh bén ngoai thiét bi hay
mach.

*NHIEU NOI: Giao thoa dién phat sinh theo thiét bi hay
mach.
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NHIEU KHONG TUONG QUAN
NGOAI

Nguon chinh cua nhiéu khong tuwong quan ngoai la:

Nhiéu khong khi: Nhiéu phat sinh ctung v&i khong khi Trai
dat (Pi€n truong tinh = Lightning)

Nhicu extraterrestrial: Nhiéu deep space,
(Nhi€u thai duong h¢, nhiéu vii tru)

*Nhiéu do con ngudi tao ra: Nhiéu cong nghiép (Hé thong
kho1 dong, motor dién, may moc tao ra tia h6 quang)
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NHIEU KHONG TUONG QUAN
NOI

Nguon chinh cua nhiéu khong tuwong quan ngoai la:

» Shot Noise: Song mang dén 1 cach ngau nhién tai dau ra
cua thi€t bi dién (Q)

e Transit Time Noise: Khi song mang di chuyén tir dau vao
dén dau ra cua thiét bu.

Nhicu nhiét: Dao dong nhiét cta electrons trong chat dan
dién.
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NHIEU NHIET

e Nhiéu nhiét: Dao ddng nhiét cta electrons trong chat dan dién.

N =KTB <

‘N = NoisePower (W)
K = Boltzmann's constant
T = Temperature (K)

B = Bandwith (Hz)



NHIEU TUONG QUAN

Nhiéu twong quan tao ra boi bd khuéch dai phi tuyén:

» Bién dang hai: hai khong mong muon cua tin hiéu tao
ra bo1 bd khuéch dai phi tuyén.

» Bién dang giao dicu ché: tao ra tong/ hiéu tan so
khong mong muon (tich cheo), khi 2 hay nhi€u tin hi¢u
khuéch dai qua thiét b1 phi tuyén

» Nhiéu xung: tao ra cac xung bat thuong.
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BIEN DANG HAI

*Bién dang hai thir N 1a ty 1€ cua bi€n do rms “tan s6 hai
Nth “ so vo1 bién do rms cua tan sO co ban.

Tk

1a ty 1€ cua tdng binh phuong cua bién do rms cua
hai tan s6 cao hon so vo1 bién dO rms cua tan sO co ban.

53
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THD

VHIGHER

%THD = X 100

\V FUNDAMENTAL

VHIGHER = \/V ¥ +Vii 4.+’

TONG BINH PHUONG CUA DiEN THE RMS CUA CAC HAI TREN
PHAN CO BAN

VFUN DAMENTAL = THE RMS CUA TAN SO CO BAN



BIEN DANG
GIAO PIEU CHE

Dé giao dicu ché xay ra, phai cé 2 hay
nhi€u input tin hiéu (deé tron).

CROSS PRODUCTS =mf1+£nf?2

» f1, f2 1a tan so co ban (f1 > £2)

* m, n la s6 nguyén duong gitra 1 va vo cung

55
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PIEU CHE BIEN PO
TRANSMISSION

Chapter 3 I

/////////



o TRUYEN THONG DAI NEN & SONG MANG

*TRUYEN THONG DAI NEN: TRUYEN THONG KHONG SU
DUNG PIEU CHE (THONG TIN TRUYEN TAI O DANG
NGUYEN GOC) - KHONG CO SU THAY POI VE DAI TAN

SO CUA TIN HIEU.

(KHONG CO SU CHUYEN POI TAN SO)

*TRUYEN THONG SONG MANG: TRUYEN THONG SU
DUNG PIEU CHE - CO SU THAY POI VE DAI TAN SO CUA
TIN HIEU.
(CO SU CHUYEN DPOI TAN SO)
« (AM, FM, PM, FSK, PSK, QAM, ...... )
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o TRUYEN THONG DAI NEN

- DAI NEN DPUQC SU DUNG PE CHI BANG TAN CUA
TAN SO CUA TIN HIEU PUQC PHAN PHOI TU NGUON

- TELEPHONY: DAI NEN LA BANG TAN AUDIO (BANG
TAN CUA TIN HIEU THOAI) CHIEM 0 - 4000 Hz

- TELEVISION: DAI NEN LA BANG TAN VIDEO (BANG
TAN CUA TIN HIEU VIDEO) CHIEM 0 - 6 MHz
fo

- DIGITAL DATA/PCM (A-f@-D CONVERTION):
SU DUNG TIN HIEU LUONG CU'C O TOC PO
BITS/SEC, DAI NEN LA 0 - Hz

3 9/12/2010



TRUYEN THONG DAI NEN

TIN HIEU PIEU CHE XUNG NHU:
« PAM (PIEU CHE BIEN PO XUNG)
« PWM (PIEU CHE PO RONGXUNG)
- PPM (PIEU CHE VI TRI XUNG)
« PCM (PIEU CHE MA XUNG)

- MAC CHO CUM TU PIEU CHE, TIN HIEU TREN LA CO

CHE MA HOA DAI NEN VA PAT PUQC TIN HIEU DAI
NEN
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o TRUYEN THONG DAI NEN

» TIN HIEU DAI NEN CO CONG SUAT THAY POI TAI TAN
SO THAP.
 TIN HIEU DAI NEN KHONG THE PUQC PHAT TREN
RADIO LTRONGK (FREE SPACE)
 TIN HIEU DAI NEN THICH HQP TRUYEN NHAN TREN
CAP PONG CAP POI DAY, CAP XOAN ) HAY THUY TINH
(CAP QUANG).
- VIDU:
« PIEN THQAI NOI HAT TRUYEN THONG
« TRUYEN THONG OCM CU LY NGAN (GIUA CAC
TONG DPAI NOI HAT VOI NHAU).
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o PIEU CHE TRUYEN THONG

- PIEU CHE PUQC SU DUNG KHI TREN THU'C TE
KHONG THE LAN TRUYEN TAN SO THAP - TIN HIEU
DAI NEN TRONG FREE SPACE.

- PIEU CHE SU DUNG TAN SO SONG MANG CAO PE
TRUYEN NHAN PONG THOI MA KHONG CO GIAO THOA
(SUKET HOP CUA NHIEU TIN HIEU PA DANG)

- PIEU CHE CHO PHEP UNG DUNG ANTEN NHO (i.e. 1/4
BUOC SONG)
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o PIEU CHE BIEN PO

« TRONG PIEU CHE BIEN PO, BIEN PO CUA TIN HIEU
TAN SO SONG MANG CAO (UNMODULATED WAVE)
PUQC PIEU CHE (VARIED) TI LE VOI BIEN PO TUC
THOI CUA TIN HIEU MANG THONG TIN (MODULATING
WAVE) NHU LA TAO RA PUONG BAO (MODULATED
WAVE) MANG THONG TIN.

* TOC PQ LAP LAI CUA PUONG BAO AM BANG VOI TAN
SO CUA TIN HIEU DUNG PIEU CHE.
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o PIEU CHE BIEN PO

BQ PIEU CHE AM: THIET B] PHI
TUYEN (BO TRON) VOI: 2 INPUTS,

TIN HIEU TAN SO SONG MANG CAO

(UNMODULATEDWAVE) 1 OUTPUT

PHAT QUANG BA RADIO

AM (550 kHz - 1600 kHz) | B() DIEU CHE AM
g (THIET BI PHI AM SONG PUQC PIEU CHE

< . ° ~ >

» TUYEN, BO TRON,

TIN HIEU SONG MANG BO NHAN)

TAN SO THAP ’

(PIEU CHE WAVE)

« SONG TAN SO PON (TONE)

HAY

« SONG TiCH HQP (PA TAN SO) —- THQAI (SPEECH): 0 Hz - 4000 Hz
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o PIEU CHE BIEN PO

» PIEU CHE BIEN PO LA TUONG POI RE

- PIEU CHE BIEN PQ CUNG CAP DANG PIEU CHE CHAT
LUQNG THAP (PERFORMANCE THAP TRONG MOI
TRUONG NHIEU)

- PIEU CHE BIEN PO PUQC SU DUNG CHO PHAT
QUANG BA THUONG MAI (AM RADIO)

« PIEU CHE BIEN PO PUQC SU DUNG CHO TRUYEN
THONG RADIO DI PONG SONG PHUONG (CB RADIO)
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e » » |CAC LOAI PIEU CHE BIEN PO

« MOT SO CO CHE PIEU CHE BIEN PO
+ DSB-SC (DOUBLE SIDEBAND SUPPRESS CARRIER)
>+ DSB-FC (DOUBLE SIDEBAND FULL CARRIER)
* SSB-SC (SINGLE SIDEBAND SUPPRESS CARRIER)
(CON PUQC BIET LA : USBAM HAY LSBAM)
» SSB-FC (SINGLE SIDEBAND FULL CARRIER)
* VSB  (VESTIGIAL SIDEBAND)

—DSB-FC THONG DUNG NHAT, PUQC GOI LA
AM TRUYEN THONG HAY DON GIAN CHI LA AM

10 9/12/2010



DSB-FC AM

/////////



PIEU CHE BIEN PO (DSB-FC)

AM

V(1) =[E,+m(t)]|cos ot

PIEU CHE BIEN PQ CUA SONG MANG BOI
TIN HIEU DUNG PIEU CHE

12 9/12/2010



PIEU CHE BIEN PQ (DSB-FC)

For Ec(t)=Eccos2xaft vA Em(t) = Emcos 2zfmt

Modulated Signal : Van(t) = (Ec + Encos 2t ) (cos 27fct)
p == Van(t) = Ec(1+ £ cos 27fnt ) (cos 2kt )

E.
Given: (cos X)(cosY) Z%COS(X —Y)+%COS(X +Y)

We get: Vam(t) = Eccos 2t + Ecf5 cos 2afct cos 2 zfmt
Which gives:

E

Vam(t) = Eccos 2afct + ;’B [cos 27(fo— fm)t +cos2z( e+ fm)t]




PIEU CHE BIEN PQ (DSB-FC)

O
| SUMMER |
MULTIPLIER
/ BOQ PIEU CHE
>
4 A
« BIEN PQ CUA SONG MANG
E KHONG ANH HUONG BOI
C QUA TRINH AM

Em(t) = Emcosamt cos ot

Eccos 2fct + E;'B [cos 27( fe— fm)t + cos 2z ( e+ fm)t]
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TOAN SONG MANG BANG CANH DOI

BANG THONG: Bm= fm
Bn
— (UM 0 27fm = om
o ; ) SONG MANG
TIN HIEU PUQC PIEU CHE /
Fpse (@) £
m |Dm
0 Wc — WM ) Oc + Om

BW CUA TIN HIEU PUQC PIEU CHE LA: =2Bn
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TOAN SONG MANG BANG CANH DOI
(DSB-FC)

Ec cos 27fct + Ee/f [cos 27 (fe— fm)t + cos 2z (fc + fm)t]

LSB\\> USB

Carrier

Lower sideband I Upper sideband

Amplitude

Lower side frequencies | Upper side frequencies

P Frequency

fc fc: + fm{max)

fc - frn{m:ax)

TIN HIEU PUQC PIEU CHE BAO GOM 1 THANH PHAN TAI fc, TRONG CO

CHE NAY PUQC GOI LAPIEU CHE DSB-FC
16 9/12/2010




Voltage (Vp)

TOAN SONG MANG BANG CANH POI
(DSB-FC)

Eccos 2afct + E;'B [cos 27 ( fe— fm)t + cos 2z (fc + fm)t]

* Carrier
E
let m=p °
Visf = nEe Vusf = BEs
2 2
l y s
flsf fc t:usf

Frequency (Hz)
17 9/12/2010



TOAN SONG MANG BANG CANH POI
(DSB-FC)

|
No modulation |

|
|

(Vm) r—_\i | I ! | [
|

Modulating | I T [

signal I | | | [ I

| | | | | | |

| I [ fm | |

: | | ' ! 8

| | ! 1 I WK
(ve)
Carrier

AM DSBFC
envelope

e e s m— — e —

IVam (t})]
Modulated
wave

Carrier
plus
modulation

Carrier
only
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TOAN SONG MANG BANG CANH DOI
® (DSB-FC)

sONG MANG cHUA p1EU cHE: V(1) = Ecsin 2zft OR Eccos 27zfct

TINHIEU DUNG DIEU CHE: - V(1) = Emsin 27fmt OR Em cos 27fmt

E. - HESOPIEUCHE
CHI SO PIEU CHE: S = { * TAC NHAN DIEU CHE
E . « CHI SO PIEU CHE
. s . . Em o
PHAN TRAM PIEU CHE: M = X 100 %

C
KHOANG CUA M: 0% —> 100% KHI:
M < 100%, UNDERMODULATION

M = 100%, 100% PIEU CHE
M > 100%, OVERMODULATION (i.e. MEO DANG)
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TOAN SONG MANG BANG CANH DOI
(DSB-FC)

PHAN TRAM PIEU CHE (M)

Em

Cc

M = X 100 %

PHAN TRAM DIEU CHE CHI THAY POI PHAN TRAM TRONG BIEN bQ
CUA SONG RA KHI SONG MANG BI ANH HUONG BOI TiN HIEU PIEU CHE.
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TOAN SONG MANG BANG CANH DOI
(DSB-FC)
BIEN PO|SONG MANG PUQCPIEUCHEY = Ec 4+ Em { + Em

Vmax:EC-l-Em; V mn = Ec— En
Em

C

THUS: V max = EC‘l‘ﬂEC:(l"‘ﬁ)EC
V min = Ec— BEc= (1 - B)Ec

WE KNOW: [ff = En=/f Ec

VOI:

100% DIEU CHE: L =1,V mx =2Ec;V min =0

50% DIEU CHE: L =05V mx =1.5Ec¢;V mn =.5Ec¢
0% PIEU CHE L =0;V mx = Ec;V mn = Ec
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(DSB-FC)

+Viax = E¢ + Ey Carrier

~Fe” plus upper and
lower side
frequencies

‘ TOAN SONG MANG BANG CANH POI

-V. =—-E_+E

min [od m

_Vmax=_E -E

c m
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PIEU CHE BIEN PO (DSB_FC)

® O
Vmax:Ec+Em; V mn = Ec— Enm
Em = —(V mox =V min)
2 max min
EC:;—(V max+V min)
ﬂ— Em_Vmax—V min
- EC _Vmax+v min
Eu = Eur = =0 = L(v max — V min )
2 4

E USF = PINH BIEN PO CUA TAN SO BANG CANH TREN
ELSF = biNH BIEN PO CUA TAN SO BANG CANH DUOI
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TIN HIEU DIUNG PIEU CHE

SONG MANG CHUA PIEU CHE

50% DPIEU CHE

100% PIEU CHE

24

(a)

(b)

(c)

(d)

TOAN SONG MANG BANG CANH DOI

(DSB-FC)

N /N
LY
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Vi DU DSB-FC1
o

BO PIEY CHE AM DSB-FC, VOI TAN SO SONG MANG
100 kHz, VA TIN HIEU DUNG PIEU CHE LON NHAT 5 kHz,
XAC PINH:

TAN SO LIMITS CHO BANG CANH TREN VA DUOI

(100 - 5) kHz PEN 100 kHz = 95 kHz PEN 100 kHz = LSB
100 kHz DPEN (100 + 5) kHz = 100 kHz PEN 105 kHz = USB

BANG THONG CUA TiN HIEU PUQC PIEU CHE
B=2fm=2x5kHz=10 kHz

TAN SO BANG CANH TREN VA DUOI KHI TIN HIEU DUNG PIEU CHE
LA 3 kHz TONE

(100 - 3) kHz = 97 kHz = LSF
(100 + 3) kHz = 103 kHz = USF
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J VI DU DSB-FC2

o , ,
ANG SONG AM DUOI:

CHO D

XAC PINH:

26 91212010



VI DU DSB-FC2

@INHBIEN PQ CUA BANG CANH TREN VA DUOI

Em
2

Eusf = Elsf = Lll__(18 —2) = 4\/

Eusf = Elsf =

|
= — V max —V min
1 ( )

PINH BIEN PO CUA SONG MANG CHUA PIEU CHE
| |
Ec=—(N mx+V mn)=—(18 +2)=10V
2 2
PINH CHANGE TRONG BIEN PO CUA PUONG BAO

| |
Em = — V maX—V min ) = — 18 — 2 — 8\/
2( ) 2( )

27 9/12/2010



VI DU DSB-FC2

.COEFFI IENT CHI SO
,B: Em :Vmax—v min _ 8 :()8
EC V max+V min 10
PHAN TRAM PIEU CHE
Em
M = X100 % = 0.8x100 % = 80 %
M . V max—V min XlOO% _ 18 —2

_Vmax+V min 18+2

28

X100 % = 80 %
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Vi DU DSB-FC3

qvl(:)T INPUT VAO BQ PIEU CHE TRUYEN THONG LA
SONG MANG 500 kHz VOI BIEN PO 20 Vp. INPUT THU 2
LA TiN HIEU DUNG PIEU CHE 10 kHz BIEN PO PU PE THAY POI SONG
PAURA + 7.5Vp . XAC PINH:

TAN SO BANG CANH TREN VA DUOI

(500 + 10) kHz = 510 kHz = USF
(500 - 10) kHz = 490 kHz = LSF

HE SO PIEU CHE VA PHAN TRAM PIEU CHE

7.5
=2 0375
P =3
M = 2 %100 % = 37 5%

20
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Vi DU DSB-FC3
@,

PINH BIEN PO CUA SONG MANG PUQC PIEU CHE

Ec (PIEU CHED) = Ec (CHUA PIEU CHE) =20 Vp

PIEN THE TAN SO BANG CANH TREN VA DUOI
Em _ BEc  0.375(20) _ 3.75Vp

2 2 2
BIEN PO CUA PUONG BAO LON NHAT VA NHO NHAT

Vmax:EC-l-Em; V mn = Ec— En

V max — 20 + 75 — 27 5Vp
V min — 20 — 75 — 12 5Vp

Eusf = Elsf =

30 9/12/2010



PHAN PHOI CONG SUAT
DSB-FC

HAO PHI CONG SUATCUA SONG MANG CHUA PIEU CHE
TRONG PIEN TRO TAI R:

~(0.707 Eo)*  E¢’

P =
R 2R
FROM: Eu = Eig = £ = PE¢
2 2
2 2 2
Pusb = Plsb = 'B EC = ﬂ Pc
SR 4

TONG CONG SUAT CHUA TRONG PUONG BAO AM DSB-FC LA:

. Pt=Pc+ Pusb + Piso

9/12/2010



PHAN PHOI CONG SUAT
¢ DSB-FC

CHO SONG PUQC PIEU CHE DSB-FC, TONG CONG SUAT CHUA
TRONG DUONG BAO AM DSB-FC LA:

Pt = Pc+ Pust + Piso

Pt:P0+IBPC+IBPC:PC‘|‘IBPC
4 4 2

_ W
Pt = Pc(l- 2)

CONG SUAT SONG MANG DUQC PIEU CHE = CONG SUAT SONG MANG CHUA PUQC
DIEU CHE (CONG SUAT CUA SONG MANG KHONG BI ANH HUONG BOI QUA TRINH
DIEU CHE) 32 9/12/2010



PHAN PHOI CONG SUAT

O
DSB-FC
ﬁ 2
Pi = Pc (1 I )
2
TONG CONG SUAT TRONG PUONG BAO AM DSB-FC TANG VOI
SU PIEU CHE

T8 TP

2 2 2
Pusb = Plsb = 'B EC = ﬂ Pc
8 R 4
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PHAN PHOI CONG SUAT

DSB-FC
2 2
Pi=Pc(l4 P ) Puw=Pw=2_p.
2 4
A letm=p .
LSB Fg'= 2:; USB
=z |r i a Vs shin ~
s mzpc sz-"C
E} Isf = 4 usf — 2
:

flsf f fusf

34 Frequency (Hz) 9/12/2010



PHAN PHOI CONG SUAT
DSB-FC

Pt = Pc(l I ﬂ ) PusbIPIsbIﬂ—Pc

2 4
VOI 100% PIEU CHE: S8 =1
Pusb = Pisb = ch Pusb + Pisb = ch
4 2

Pt = Pc(l-l-;—):lspc

KHUYET PIEM DSB-FC: THONG TIN PUQGC CHUA TRONG
BANG CANH MAC DU HAU HET CONG SUAT LA HAO PHI BOI
SONG MANG (DSB-SC LOAI BO KHUYET PIEM NAY)
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PHAN PHOI CONG SUAT
DSB-FC

TRONG AM, THANH PHAN SONG MANG KHONG MANG
THONG TIN. DO VAY , CONG SUAT SONG MANG LA
HAO PHI.
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VI DU DSB-FC
@

CHO SONG MANG AM DSB-FC VOI SONG MANG CHUA DPIEU CHE
HiEU PifN THE PINH V_=10 V,, DIEN TRO TAICUA
R, =10 Ohms, VA CHI SO PIEU CHE LA 1, XAC PINH:

CONG SUAT SONG MANG
2 2
P _ E. _ 10 _sW
2R 2(10)
CONG SUAT BANG CANH TREN VA DUOI
i 1(5)
Pusb = Plsb — —PC: —_— = 125W
4 4

TONG CONG SUAT BANG CANH

2
Pusb-I-PIsb:'B—Pc:@ 2.5W

2 2
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VI DU DSB-FC

Otto sofe MANG AM DSB-FC VOI SONG MANG CHUA PIEU CHE
HiEU PifN THE DINH V¢ =10 Vp, , PIEN TRO TAICUA
RL = 10 Ohms, VA CHI SO PIEU CHE LA 1, XAC PINH:

TONG CONG SUAT CUA SONG PUGQC DIEU CHE
P:t= Pc (1+'B—)_5(1+1—)—7 SW

A PHO CONG SUAT :
P. =5 W
=
>
=
kS
P = 1.25 W Pue = 1.25 W
1 | -

flsf fc fusf
Frequency (Hz)

38 9/12/2010



PIEU CHE TIN HIEU PHUC

TRONG CAC KHAO SAT CHO AM,
GIA PINH LA TIN HIEU PIEU CHE TAN SO PON
(TONE).

TRONG THUC TE, TIN HIEU DUNG PIEU CHE THUONG
DANG PHUC (BAO GOM NHIEU THANH PHAN TAN SO
VOI BIEN PO KET HOP)
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e » - | PIEU CHE TIN HIEU PHUC

NEU TIN HIEU DUNG PIEU CHE CHUA 2 TAN SO THI
SONG bUQC PIEU CHE SE CHUA SONG MANG VA 2 BQ
TAN SO CANH:

Ec

Eccos2afct + 2'8 : [cos 27(fe— fm)t + cos2z(fc+ fm1)t]

_|_

Eccos2afct + chz [cos 27( fe— fm2)t + cos2z( e+ fmz)t]
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PIEU CHE TIN HIEU PHUC

KHI NHIEU TAN SO PUQC SU DUNG DE PIEU CHE
SONG MANG, TONG CHI SO PIEU CHE :

Pi=AlBr + B2+ P+t
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PHAN PHOI CONG SUAT

DSB-FC
HAO PHI CONG SUAT CUA SONG MANG CHUA PIEU CHE:
GHINH(’)’: P, — (0707 Ec)2 _ E.’
R 2R
Euwt = Eist = Enm = PE:
2 2
2 2 2
t“Ec t
N: Pusot = Pisot = ﬂ = ﬂ—Pc
8R 4
TONG CONG SUAT BANG CANH LA:
S’
Psot = — Pe

42 2 9/12/2010



PHAN PHOI CONG SUAT
¢ DSB-FC

TONG CONG SUAT LA:

Pt = Pc+ Psht

_ i
Pi= Pc(l- 5 )

PHAI BAO PAM PIEN THE KET HQP CUA TAT CA TIN
HIEU DUNG PIEU CHE KHONG LAM BIEN DANG SONG
MANG !!

43 9/12/2010



VI DU DSB-FC
@,

CHOBQ PHAT AM DSB-FC VOI SONG MANG CHUA PIEU CHE CONG
SUAT Pc =100 W, PUQC PIEU CHE PONG THOI BOI 3 TIN HIEU
DUNG DPIEU CHE VOI

Bi1=02,82=04,8:=0.5
XAC PINH:
TONG HE SO PIEU CHE:

Bi=~0.2"+0.4>+0.5> =0.67
TONG CONG SUAT BANG CANH:

2
Pt = ﬂzt P = 0‘67500 ) _ 20 445 W
TONG CONG SUAT PHAT:
0.67 °
P¢=100 (1+ ) =122 .445 W
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o TAO TIN HIEU AM

TAO RA| TIN HIEU (DSB-FC) SU DUNG ‘ ’
MAY PHAT DSB-SC NEU TIN HIEU DUNG PIEU CHE LA:

[Ec.m(t)]instead of m(t)

m(tC () | BO PIEU CHE NHAN |

/
Ee+m(t) @ ’

C(t) = cos axt
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TAO TIN HIEU AM

TUY NHIEN, AM CO THE TAO RA BANG CACH PON
GIAN HON

/_Il

+ +
LOC DAI
6@ E1 PO Vo

CcOS acl l
4(+ ) ' T (x

BO PIEU CHE AM: CHI SU DUNG NHANH TREN CUA
BO PIE}] CHE CAN BANG DSB-SC
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o BO PIEU CHE DSB-SC PHI TUYEN

Ei1=coswct + m(t) li=aE:i+bEY

I = afcos wet + m(t)]+b[cos wet + m(t) [
1R = Ra[cos ct + m(t)]+ Rb[cos @ct + m(’[)]2 =

aRcosaxt +2bRm(t) cosaxt +aRm(t) + bR (t)+bRcos axt

Vo(t)= TIN HIEU AM NEN SU DUNG LQC BP
HIEU CHINH PENQ:
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TAO TIN HIEU AM

TUY INHIEN, AM CO THE TAO RA BANG CACH PON

GIAN HON
é DIODE ACTS AS A ‘
@ SWITCH n
Loc DAl Vo)
+ R QUA \
C CcOS wct
T (x

BO PIEU CHE AM: SU DUNG SWITCH TRONG BQ
DIE Ug CHE 9/12/2010



o TAO TIN HIEU AM

« DIODE HQAT PONG NHU SWITCH BAT TAT.

- INPUT TIN HIEU LA:
ccosawct + m(t) with ¢ >> m(t)

DE HQAT PONG CHUYEN MACH CUA DIODE PUQC
DiEU KHIEN BOI:

C COS -t

- DIODE NGAN/ HO MACH PINH KY TRONG HIEU UNG
NHAN TiN HiEU PAU VAO VOI S(t)
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TAO TIN HIEU AM

« TIN HIEU QUA R LA:

VR = [C cOS el + m(t)] S(t)

. V . . .
VOI:  s(t) = 5 + 2V [sm et + lsm 3t + lsm St + - }

) T 3 5
VOI:
C 2
Vr =—cosaxt +—m(t) cosaxt +other terms
A2 72' A A A
Vo(t)=TIN HIEU AM NEN SU DUNG
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o TAO TIN HIEU AM

« PIEU CHE MUC THAP: XAY RA TRUOC THANH PHAN
PAU RA CUA TANG CUOI CUNG (ANTENNA LA TANG
CUOI CUNG) CUA BO PHAT

(i.e. CUC PHAT TRONG XMITTER TRANSISTOR HOA)

- UU PIEM : CONG SUAT TIN HIEU DUNG PIEU CHE CAN
IT HON PE PAT PUQC PHAN TRAM PIEU CHE CAO HON:

T8 TEaT P

- KHUYET PIEM: BQ KHUECH PAI PHIA SAU TANG DPIEU
CHE PHAI TUYEN TINH



o TAO TIN HIEU AM

- PIEU CHE CAP CAO: XAY RA O THANH PHAN CUOI
CUNG CUA TANG CUOI CUNG CUA BO PHAT (i.e. PAU RA

CUC THU) '
( TIN HIEU SONG MANG PAT BIEN PO LON NHAT)

« YEU CAU BIEN PO TIN HIEU PIEU CHE CAO HON

NHIEU PE PAT PUQC M HOP LY =
M = —x100

C

‘BO KHUECH PAI TiN HIEU PIEU CHE CUOI CUNG
PHAI CUNG CAP TA CA CONG SUAT BANG CANH -
NHUNG CO THE LA BO KHUECH PAI TUYEN TINH
(CUNG CAP PIEU CHE)
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|BQ PIEU CHE MUC THAP

. Voo = 30V de N s N
CUC PHAT BO PIEU CHE "I CUC THU: THANH PHAN PAU RA
' ' .+ " l.o __ COUPLING CAPACITOR
TIN HIEU SONG MANG g | i LUQC BO CAC THANH PHAN
| *““{T M
=R: |5 g aJ Cy
| @ HIEU DUNG PIEU CHE
. THAY POI B LQI ' ‘
s ™ BQ KHUECH PAI TAI TOC PQ B/
- : VOI CUA TAN SO
PiEN THE CUC TH M\]Ww S A : ;
IENTHE CUC THU TiN HIEU DUNG PIEU CHE
TIN HIEU DUNG PIEU CHE /r\\/m
IR ﬂl'f’-?“ “"KHUYET PIEMS:
‘ = + CLASS A BO KHUECH PAI
PUONG BAO AM DSBFC ¥ * (KO HiEU QuA )

53

«CONG SUAT OUTPUT THAP
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CUC PHAT

PO LOI PIEN THE :

BO PIEU CHE

PO LOI KO CO PIEU CHE (TINH)

|
!

PO LOI VOIPIEU CHE

Av = Agll + S sin ot |

Nin: Av = Adll £ S]

FOR S =1«

(A =2 Aq

54

Av=0
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viDU

CHO BO PIEU CHE CUC PHAT AM VOI CHI SO PIEU CHE

0.8, PO LOI PIEN THE TINH LA 100,

TAN SO SONG MANG PAU VAO LA 500 kHz VOI BIEN PO 5 mV
VA TIN HIEU DUNG PIEU CHE 1000 Hz, XAC PINH:

PO LOI PIEN THE CAO VA THAP NHAT:
Amx =100 (1+ 0.8) =180
Amn =100 (1 -0.8) = 20

Vout BIEN PQ CAO VA THAP NHAT :

Vout maxy = 180 (0.005 )=0.9V

Vout (min) — 20 (OOOS ) — OIV
5
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BO PIEU CHE MUC TRUNG BINH

oV

UBO DIEU CHE)

PIEU CHE TAI THANH PHAN PAU RA Q

(CUCTH

Ty=111

Vee

s

m

=2 mm
@)
-
= ==
¥ < m )
T ;E A
== 9O
@ W O
wmw_uw
r( U
m m AE.AE
AO AOo H B
R Z=z
=
)

RFC

KHUYET DIEM:
e M<100%

e i i i

e

. _HHWHHH
s B
O
W S DI
RO >
N o
= rO v o
N
-
AE.
y
=
7z
N
=

ON HON

OPC

A

*HiEU SuAT CONG SUAT L

BO KHUECH DAI L

(b




| BQDIEU CHE IC TUYEN TINH

PIEU CHE AM
TIN HIEU input
TIN HIEU ANOR A
PUQC output

PIEUCHE, ,

Multiplier out

+Vee
p

Timi:m_:;_<

1 capacitor
fo=—
RC i
Timing_<

resistors
o

57

XR-2206 ~

16

+1

S

Multiplier

and
sine
haper

15

14

13

VCO

Current

12

11

10

switches [*

9

>_ Symmetry
adjustment

J &

Waveform
adjustment

.

Gisiiad LOW CONG SUAT
OUTPUT

Sync output

Bypass

FSK input
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BOIPIEU CHE IC TUYEN TINH - VI DU

O 0.001 pF

H O Voul
47 kQ
= Audio
signal
generator
Ve DC bi
4.7 kQ 1as ~
supply L W J_
10 uF -

{| 1 16

= ais 27 kO 2 15| R, =1kQ

L AMMW——— 3 14 —h——  +12Vdc
V, =12V dc 4 fuﬁr;gﬁgs 13
1 uF —15 12 b 4.7 kQ
C1| = 0.001 |.lF == generator —
6 11
= 7 10 i J_
1 R, = 10 kQ . 9 —
fo = =100kHz
10k (.001UF) =
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PIEU CHE BIEN PO

DSB-SC AM

/////////



o PIEU CHE BIEN PO (DSB-SC)

« THONG TIN TINHIEU= m(t) = Emcos ont & M (@)

» TIN HIEU SONG MANG = C(t) = Eccos axt <> C(w)

. TIN HIEU PUQC PIEU CHE =m(t)C (t) = EmEc cos omt cos w«t

w = 2xf (cos X)(cosY) Z%COS(X +Y)+%COS(X -Y)

EmEc

[cos( wc + @wm)t + cos( e — a)m)t]

EmEc
2
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m(t)cos wct < [19(0)0+0)m)+ S(wc—a)m)]



PIEU CHE BIEN PQ (DSB-SC)

m (t)C (t) BO PIEU CHE

/ NHAN
M(t) = cos amt @ 1

C(t) = cos ot

EnmEc
2

61 91212010

[cos(a)c + com)t + cos( e — a)m)t]




(DSB-SC)

M (@)
BANG THONG:
Bm — fm
Bm,

— (Um 0 27fm = om

N|CDOUBLE-BANG CANH SUPPRESS SONG MANG

TIN HIEU PUQC PIEU CHE
(DSB-SC AM) LSB |
: Fpse (@)

 USB

Wc — Wm ) Wc + Om 0 Wc — Wm ) Wc + MOm

BW CUA TIN HIEU PUQC PIEU CHE LA: =2Bn
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| DOUBLE-BANG CANH SUPPRESS SONG MANG
PHO SONG MANG DA PIEU CHE TRUNGTAM ~ ©>B-3C)
TAI fc BAO GOM BANG CANH TREN TREN

fc, (USB), VA BANG CANH DUOI DUOI fc, (LSB).

A mEc
EnE [C()s(a)c + wm)t + cos(ax — a)m)t]

2 LSB i USB

Lower sideband  : Upper sideband

— s

Amplitude

Lower side frequencies Upper side frequencies

— Frequency

fc + fm{max)

f

fc - fm{max) c

2 fm
TIN HIEU PUQC PIEU CHE KO CO THANH PHAN TAI fc, TRONG
CO CHE NAY PUQC GOI LA PIEU CHE DSB-SC

9/12/2010
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. BO PIEU CHE DSB-SC

- BQ PIEU CHE NHAN
« BO NHAN TUONG TU (i.e. BO KHUECH PAI PO LOI
THAY POI SU DUNG OP-AMPS OR TRANSISTOR,
VOI THAM SO PO LOI PUQC PIEU KHIEN BOI MOT
TRONG CAC TIN HIEU (i.e. S1(t))

BO PIEU CHE THOI GIAN THAY POI TUYEN TINH

S1(t)

T . X K S1(t) S2(t)
PO LOI BIEN THIEN N

S2(t) K S1(t)
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. BO PIEU CHE DSB-SC

- BO PIEU CHE PHI TUYEN
PIEU CHE CO THE PAT PUQC BANG CACH SU DUNG
THIET BI PHI TUYEN(THIET BI LUAT BINH PHUONG =
DIODE,TRANSISTOR)

| ~aV +bV?

9/12/2010



I1

CcOS @l

BO PIEU CHE PHI TUYEN DSB-SC

LOQC DAI
QUA

T (x

66

12

Vo(t) =
Km(t) cos art




BO PIEU CHE PHI TUYEN DSB-SC

E1 4 cos wct + m(t) E2 = cos ot —m(t)

li=aEi+bE/ l.=aE:+bE>’

|| = a:cos wct + m(t): +b :cos wct + m(t):2

2

|2 = a|cos wct — m(t) ]+ b|cos @t —m(t)]

V = |/ R—1-R BO LOC SU DUNG BO LOC
BF HiEU CHINH + )
V =2R[2bm(t)cos et +a

Vo = 2R[2 bm(t)cos a)ct] = Km(t) cos axt
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o BQ PIEU CHE PHI TUYEN DSB-SC

TIN HIEU PUQC PIEU CHE
(DSB-SC AM)

BP FILTER

0 Wc — Wm ) Oc + WOm
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BO PIEU CHE CHUYEN MACH
@,

- BO PIEU CHE CHUYEN MACH
TIN HIEU PUQC PIEU CHE PUQC TINH BANG CACH LAY
TiCH m(t) VOI BAT KY CHU KY TiN HIEU CU A TAN SO CO
BAN (x (i.e. CHUOI XUNG VUONG HUAN LUYEN)

S(t) A SONG VUONG: 50% DUTY CYCLE
V

T2 ¢ T2 T time

+V, O0<t<T/2
s(t) = NEITHER FUNCTION

0, -T/2<t<0
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FOURIER SERIES CUA SONG VUONG

S(t SONG VUONG: 50% DUTY CYCLE
V,

T2 g T2 T fime

+V, O0<t<T/2
s(t) = NEITHER FUNCTION

N 0, -T/2<t<0

S(t) = Ao+ Z Ancos Nact + Bnsin Nact

n=1

1 T
Ao :?Io s(t)dt

2 (T 2 eT
An=—| s(t)cos nawct dt _Z ' 3
T _[O (t)c B - jo S(t)sin naoct dt
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FOURIER SERIES CUA SONG VUONG

S(t SONG VUONG: 50% DUTY CYCLE
V,

T2 g T2 T fime

Ao = {vj/dt} —Vt\m— Lyl

o | <

Bn = —{VI %sin Nt dt}
T 0

;U= Nawot ; du = nwodt

a

b
j sin U du = —cos ul®

2V
Tn awc
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Bn =

]

[— coS Nact|;




FOURIER SERIES CUA SONG VUONG

@ S(t SONG VUONG: 50% DUTY CYCLE
V,
T2 o T2 T fime
2V T t=+1/.+nx
Bn = [—cos Nt OA} Nt = n2zt _ 2
Th wc T t=0:0
Vv nodd; —
Bn:—[(—cos N7 + cos 0)] cos N7z = ’
al neven; 1
)
2V
Y nodd;
3
Bn:—[l—cos n7Z'] W2
al neven; 0
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FOURIER SERIES CUA SONG VUONG

S(t SONG VUONG: 50% DUTY CYCLE
V,

T2 g T2 T fime

.
An = E[Vjécos Nt dt}
T 0

;U= Nawot ; du = nwodt

a

b
Icosudu—51nu

2V
Th awc

An =

3

|:Sin N @t 0
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FOURIER SERIES CUA SONG VUONG

S(t SONG VUONG: 50% DUTY CYCLE
V
-T/2 0 T/2 T t;me
2V : T
An = [sm Nwct OA}
Tn wc
t=+1/:+nx
Nwct = N2zt = 2
t=0;0
V . :
An = —[(sm Nz —sin O)]
n

An = V—[sin nz|=0
7n
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FOURIER SERIES CUA SONG VUONG

S(t SONG VUONG: 50% DUTY CYCLE
V
-T/2 0 T/2 T t;me
( 2V
v nodd; —
Ao = — An =0 Bn =< nz
2 neven; 0

S(t) = Ao+ Z Ancos Nact + Bnsin Nact

n=1

s(t)——+ > 2V sin neet
n=odd nz
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FOURIER SERIES CUA SONG VUONG

S(t SONG VUONG: 50% DUTY CYCLE
V,

T2 o T2 T fime

S(t)——+ Z —sin N@ct
n=odd nz

Vv 2V
S(t) = [sm rct + lsm 3t + ls1n Scrt + - }
T 3 5
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BO PIEU CHE CHUYEN MACH
PHO|CUA TiCH : m(t)s(t)
Vm(t)

m(t)s(t) =

+ Z —m(t) innw,t  LA:
n=odd fg
TiCH CUA 2 SONG

VM(a)) ZI\/I(a) +nNw,)+M (o, —nNw,)

m(t)s(t) <
2 n7T nodd

NEU TIN HIEU PI QUA LOC DAI QUA BANG THONG 2B VA
HIEU CHINH THANH @), TIN HIEU PUQC PIEU CHE NHU
MONG MUON:

Vo= Km (t)s(t)
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PAC TINH HE THONG
NEN SONG MANG

« HE THONG SC CAN CAC LOAI MACH TINH VI TAI BO

NHAN TAO RA SONG MANG PIA PHUONG CO TAN SO

VA PHASE CHINH XAC PE GIAI PIEU CHE PONG BO
(CAN PHAI NEN TAN SO SONG MANG TAI BO PHAT)

- HE THONG SC HIEU QUA KHI XET VE YEU CAU CONG
SUAT TAI BO PHAT (SO SANH VOI DSB-FC/SSB-FC)
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PAC TINH HE THONG
NEN SONG MANG

- HE THONG SC THAY POI TRONG TRUYEN THONG
DPIEM- PIEM (MQT BQ NHAN CHO MOI BQ PHAT)

« CHO HE THONG PHAT QUANG BA VOI NHIEU BO
NHAN CHO MOI BO PHAT, KINH TE HON KHI CO NHIEU
BO NHAN PON GIAN HON, IT TON KEM (BO GIAI PIEU
CHE CHI PHi THAP), HE THONG TOAN SONG MANG (i.e.
DSB-FC)
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GIAI PIEU CHE AM

« QUA TRINH PAO NGUQC CUA PIEU CHE AM

« BO NHAN AM TAI TAO THONG TIN GOC BAN PAU
- BO NHAN PHAI GIOI HAN BANG TAN CUA PHO
TAN SO RADIO THANH DAI TAN SO MONG MUON
(PIEU CHINH BQ NHAN - TUNING THE RECEIVER)



Receive
antenna

1st STAGE

RF section |3

BQ NHAN AM

LAST STAGE

Band Mer Band Band
'y converter |—pe| BANCPASS Lol | soction |—gm] ©ANOPASS
Filter : Filter Filter
section
Bandpass Audio
— | AM detector [ Filter section Ba
Speaker



BO NHAN AM
« PHAN RF: DO, GIOI HAN BANG TAN, VA KHUECH DPAI
TIN HiEU RF

- BO TRON/ BQ CHUYEN DOI: CHUYEN DOI TIN HIEU RF
NHAN PUQC THANH DAI TAN TRUNG (IFs)

« PHAN IF: KHUECH PAI VA LUA CHON (TUNING)

- BO DO AM : GIAI PIEU CHE SONG AM VA CHUYEN DOI
TRO VE TIN HIEU BAN PAU

- PHAN AUDIO: KHUECH PAI PHAN THONG TIN PUQC

PHUC HOI
4



BOQ NHAN AM- DO CHON LOC

- SELECTIVITY: THAM SO BQ NHAN PO LUONG KHA
NANG CUA BO NHAN CHAP NHAN 1 DAI BANG TAN VA
LOAI CAC DAI BANG TAN KHAC

(VI DU TRONG PHAT QUANG BA AM - MOI KENH
TRUYEN PUQC GAN BANG THONG 10 kHz- BO LQC BP
LA 10 kHz BW CHI CHO QUA KENH RIENG BIET)

. SHAPE FACTOR(SF): PO LUONG PO CHON LOC
(IDEAL SF = 1)

BW 60 dB BELOW MAXIMUM SIGNAL LEVEL
B(-60dB) 20kHz

SF — Vi DU: SF e —2

B(-3dp) 10kHz

BW 3 dB BELOW MAXIMUM SIGNAL LEVEL




BO NHAN AM- PO NHAY

+ SENSITIVITY: THAM SO BO NHAN PO LUONG MUC
TIN HIEU RF NHO NHAT CO THE DO PUQC TAI PAU
VAO CUA BO NHAN MA VAN CO THE TAO RA PUQC
THONG TIN PIEU CHE SU DUNG PUQC (GOI LA
NGUONG CUA BO NHAN)

« PO NHAY THUONG PUQC PO BANG TIN HIEU NHAN
PON VI MICROVOLTS (i.e. BO NHAN AM PHAT QUANG
BA THUONG MAI LA 50 uV, RADIO DI PONG 2 CHIEU
GIUA 0.1 uV VA 10 uV)

» PHU THUQC VAO CONG SUAT NHIEU TAI PAU VAO
CUA BO NHAN (NHIEU CANG THAP, MUC PO NHAY
CANG GIAM)



BO NHAN AM-- FIDELITY

» FIDELITY: PO KHA NANG CUA HE THONG TRUYEN
THONG TAO RA 1 BAN SAO CUA NGUON THONG TIN
NGUON NGUYEN GOC TAI PAU RA.

« SUHAY DPOI VE PHA,BIEN PQ, HAY TAN SO TON TAI
O DANG SONG PUQC GIAI PIEU CHE KO TiM THAY O
TIN HIEU THONG TIN NGUYEN GOC PUQC XEM NHU
LA MEO DANG. 3 LOAI MEO DANG : BIEN PO, TAN SO
VA PHA.



COHERENT RECEIVERS

« COHERENT RECEIVERS: BO NHAN BPONG BO NOI TAN
SO PUGC PHAT SINH G BO NHAN VA PUGC SU DUNG PE
TAI DIEU CHE PUGC PONG BO VOI TAN SO BO DAO
DONG PHAT SINH O BO PHAT(BO NHAN PHAI CO CACH
THUC TAI TAO SONG MANG NHAN PUGC VA PONG BO
VOI NO.

e GIAI PIEU CHE NHAT QUAN (COHERENT
DEMODULATION) LA NOI SONG MANG BUGC TAO RA
CUC BO PONG BOQ VOI TAN SO SONG MANG CUA BO
PHAT.

« KY THUAT NAY IT PUGC SU DUNG TRONG THUC TIEN.



NONCOHERENT RECEIVERS

« NONCOHERENT RECEIVERS: BO NHAN BAT BPONG BO
NOI KHONG CO TAN SO NAO PUGC TAO RA O BO NHAN
HAY TAN SO PUGC SU DUNG TRONG GIAI PIEU CHE
HOAN TOAN POC LAP VOI TAN SO SONG MANG CUA BO

PHAT

BA PHUONG PHAP KHONG NHAT QUAN CUA PIEU CHE
AM

e  GIAIPIEU CHE DUNG BO CHINH LUU
« TACH SONG DUONG BAO
« TACH SONG LUAT BINH PHUONG



NONCOHERENT RECEIVERS

« NONCOHERENT DETECTION: CON GOI LA TACH
SONG PUONG BAO VI THONG TIN PUOC KHOI PHUC TU
SONG NHAN PUOC BANG CACH TACH HINH DANG CUA
PUONG BAO PUGC PIEU CHE

10



SUPERHETERODYNE RECEIVER

Antenna
: RF section i| Mixgr{cc—nverter : IF section :
section

| | | |
| | | |
| | Mixer | |
Preselector »| RF amplifiers » Qb l,.;_ Bandpass »-| [Famplifiers |
| | | filter (strip) [
| | | |
| | | |
| | | |
| | | |
i f ! Local l A f

‘ mA A oscllator i

-‘ o‘ ‘*

Audio
detector i

NONCOHERENT RECEIVER recuanciss

1.



SUPERHETERODYNE RECEIVER

- HETERODYNE: TRON 2 TAN SO VOI NHAU TRONG 1
THIET BI PHI TUYEN HOAC CHUYEN DBOI 1 TAN SO THANH
I TAN SO KHAC SU DUNG TRON PHI TUYEN

« RF SECTION: BO TIEN LUA CHON LA 1 LOC DAI QUA
PIEU CHINH RONG VOI TAN SO TRUNG TAM CO THE THAY
POI THEO Y MUON. MUC BICH CHINH LA PE NGAN CAN
TAN SO RADIO KO MONG MUON (TAN SO ANH) XUAT
HIEN O BO NHAN CHO MUC PICH PHAT QUANG BA
THUONG MAI AM: 535 kHz DEN 1605 kHz

12



SUPERHETERODYNE RECEIVER

» MIXER/CONVERTER: GOM BO TAO DAO PONG TAN SO
RADIO (BO TAO DAO PONG BIA PHUONG) AND VA BO
TRON/ BO CHUYEN BOI
(BO DO SONG PAU TIEN) NOI 1 THIET BI PHI TUYEN PUQC
SU DUNG BPE CHUYEN POI TAN SO RF THANH IF. TiN HIEU
PHAT QUANG BA IF NAM GIUA 450 VA 455 kHz

« IF SECTION: DAY CAC BO KHUECH PAI IF VA LOC BP

(PUGC GOI LA IF STRIP). HAU HET BO LOI VA DO NHAY
DAT PUOC TRONG PHAN NAY

1K



SUPERHETERODYNE RECEIVER

« DETECTOR SECTION: CHUYEN POI TIN HIEU IF TRO LAI
DANG THONG TIN NGUYEN GOC (CON PUQC GOI LA TACH
SONG AUDIO HAY BO TACH SONG THU 2). CO THE PON
GIAN NHU 1 DIODE HAY PHUC TAP NHU PLL HAY BO
NHAN CAN BANG

« AUDIO AMPLIFIER SECTION: BAO GOM NHIEU BO
KHUECH PAI AUDIO GHEP NOI TIEP VA 1/ NHIEU LOA

14



BO DAO PONG DIA PHUONG

TIN HIEU RF BUGC KET HOP VOI TAN SO BO DAO BPONG
PIA PHUGNG TRONG THIET BI PHI TUYEN

BO DAO PONG BIA PHUONG BUGQC THIET KE BE TAN SO
DAO DONG LUON TREN HAY DUOGI TAN SO SONG MANG
RF MONG MUON 1 KHOANG BANNG VOI TAN SO TRUNG
TAM

fre + fir = fosc fir = fosct frr

BO TIEN LUA CHON VA TAN SO BO DAO BONG bIA
PHUGNG TRUNG TAM BUGC PIEU CHINH GANG
TUNED BE THOA MAN PIEU KIEN O TREN

15



BO DAO PONG DIA PHUONG

« KHI TAN SO BO DAO PONG PIA PHUONG PUGC CHINH
TREN RF, PUOC GOI LA TIEM TIN HIEU CANH CAO HIGH-
SIDE INJECTION (TIEM TIN HIEU PHACH CAO)

fre + fiF = fosc

- KHI TAN SO BO DAO BDONG PIA PHUONG BPUGC CHINH
DUOI RF, bPUGC GOI LA TIEM TIN HIEU CANH THAP LOW-
SIDE INJECTION (TIEM TIN HIEU PHACH THAP)

fre — fiF = fosc

« TRONG BO NHAN PHAT QUANG BA AM, LUON SU DUNG

TIEM TIN HIEU CANH CAO
16



BO DAO PONG PIA PHUONG
TRACKING

SU TU HIEU CHINH (TRACKING) LA KHA NANG CUA BO
DAO DONG DIA PHUONG TRONG BO NHAN DAO BDONG
TREN HAY DUGI SONG MANG RF PUGC LUA CHON 1
LUONG BANG VOI TAN SO TRUNG TAN XUYEN SUOT
TOAN BO DAI TAN RADIO
» CHO HIGH-SIDE INJECTION: BO DAO BDONG DPIA
PHUGONG HIEU CHINH TREN SONG MANG RF TOI 1
LUONG:

fre+ fiF

» CHO LOW-SIDE INJECTION: BO DAO PONG PIA
PHUGONG HIEU CHINH DITAT SONG MANG RF TOI 1 LUGNG:

fRF — fIF b



Vi DU

BO NHAN AM SUPERHETERODYNE SU DUNG TIEM TIN
HIEU CANH CAO VOI BO DAO PONG PIA PHUONG 1355
kHz. SONG RF TOI BAO GOM SONG MANG (900 kHz)

VA USF (905 kHz) & LSF (895 kHz).

fre + fiF = fosc

fir = fosc - fre = 1355 kHz - 900 kHz = 455 kHz
fiF sty = fosc — fre sty = 1355 kHz — 895 kHz = 460 kHz
fie sty = fosc - fre(ust) = 1355 kHz — 905 kHz = 450 kHz

18
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\ f (kHz)

Ditference frequencies = f, - RF

450 kHz
455 kHz
460 kHz

(450 kHz - 460 kHz)

895 300 205
RF input T
. = 900kHz
;”’f:g; ::: Mixer fconverter
Ist = Preselctor .
— —{ RF amplifier : o
e
s ﬁ'{
/
/ 1
/
f.f Local
/ oscillator
/ 1355 kHz
/
/ /
/ 7/
Ganged tuning //

Bandpass
- filter ——= To IF
(difference) amplifiers

Y

i
1
|
450 455 460
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TAN SO ANH

TAN SO ANH LA CAC THANH PHAN TAN SO KHAC VOI
TAN SO SONG MANG DUGC LUA CHON , NEU Pl BEN BO
NHAN TRON VOI BO DAO PONG PIA PHUONG, TAO RA
TAN SO TICH CHEO BANG VOI IF.

TAN SO ANH BANG VOI TAN SO RADIO THU 2, TAO RA IF
GIAO THOA VOI IF XUAT PHAT TU THANH PHAN TAN SO
RADIO MONG MUON

KHI TAN SO ANH PA BI TRON LAN VOI IF, KHONG THE
LOC HAY BI NEN.

20



TAN SO ANH

DE TAN SO RADIO TO PRODUCE A TICH CHEO BANG VOI
IF, PHAI LAM THAY POI TAN SO BO DAO BDONG bIA
PHUGNG 1 GIA TRI BANG VOI IF:

fim= fosc+ fiF

CHO HIGH-SIDE INJECTION: fRF + fIF = fOSC

VOI:

fim= fre+2 fie

21



TAN SO ANH

PHO TAN SO TUONG POI CHO RF, IF, BO DAO PONG DBIA PHUONG,
VA TAN SO ANH CHO BO NHAN SUPERHETERODYNE SU DUNG
HIGH-SIDE INJECTION

B e

- fie > | fie -

Frequency
>

IF RF LO Image

PE LOAI BO TAN SO ANH, TAN SO TRUNG TAN CAO PUQC LUA CHON

22



BO TACH SONG CHINH LUU

Dl Vr(1)

RECTIFIER
+ +

O :

[A+m(t)]cos axt

LOW-
PASS
FILTER

B

C
|—

Vi(t)

Vo(t)

THANH PHAN AM CUA SONG AM BI NEN TAI PAU RA CUA DIODE, DO PO, DAU RA PI
QUA PIEN TRO LA PHIEN BAN CHINH LUU CUA SONG AM :
THE AM WAVE. THUC CHAT, TiN HIEU AM PUQC NHAN VOI K(t) [CHUOI XUNG]

23



BO TACH SONG CHINH LUU

Vr(1) = {[A+ m(t)]cos a)ct}k(t)
= [A+ m(t)]cos ct

l+ g(sin @l + lsin 3t + lsin S5act + - - j

W 711 3 5

VR(t) = l[A+ m(t)|+ other terms of higher frequencies
7T

Vo(t) :%m(t)
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SINGLE-SIDE BAND
COMMUNICATIONS SYSTEMS



* Gigi thiéu

 Hé thong don bang canh

* So sanh SSB AM v¢i DSB AM
 Phan tich toan hoc

* Phat sinh don bang canh
 BO phat don bang canh

 BO nhan don bang canh

« SSBSC va FDM
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« DSB-FC (AM): cong suat song mang chiém 2/3 tong cong suat
* DSB-FC (AM): song mang khong mang thong tin
 DSB: sir dung gap déi tan so so véi SSB
* Chi c6 bang canh chira thong tin
thong tin USB = thong tin LSB
truyén tai ca 2 bang canh la du thwa
» DSB-FC: khéng lgi vé bing thong va cong suat

» DSB-SC: Kkhéng loi vé bing thong

9/12/2010 3/48



' ~

« AM SSBFC: séng mang @ cong suat 16n nhat & 1 bing canh
« AM SSBSC: khong song mang & 1 bang canh (khong duong bao)
« AM SSBRC: 10% song mang (PILOT) & 1 bang canh

« AM ISB: song mang don duogc diéu ché boi 2 tin hiéu diéu che
doc lap . Bo phat gom 2 bo diéu ché SSB-SC (tin hiéu DSB
v6i 2 SSBs doc 1ap). Cudi cung séng mang dugc ép vao nhu trong
SSBRC.
Sur dung cho STEREO AM: Kénh bén trai = LSB
Kénh bén phai = USB

« AM VSB: séng mang & 15t SB hoan toan & 1 phan ciia 2nd SB
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DSBFC:

SSBFC:

DSBSC:

SSBSC:

SSBRC:

Pt= Pc(l
p. = P14+ 25
p =/

22
p = £

4
Pi=Pc(0.1



+Viax = E¢ + Ey Carrier

~te” plus upper and
lower side
frequencies

=-E

_Vmax c_Em
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» Hé thong truyén thong 2 bang canh AM ¢é

2 khuyét diém:

— Cong suat séng mang chiém hon 2/3 tong
cong suat truyén di nhwng khong chuwa thong
tin.

— Ton gap déi lweng bang théng so véi can
thiét: thong tin bang canh trén twong tw thong
tin bang canh dudi.

—Hé thong truyén théng don bang canh

9/12/2010
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« Nhiéu loai khac nhau: bao toan bang thdng, bao toan cong

suat, bao toan ca 2

« DS

BFC AM truyén thong

Modulating Py =P, + m?P./2
signal Posp = M?P /4| P, = m?P /4

LSB USB

|

_ Amplitude

« SSBFC (toan séng mang don bang canh) AM

9/12/2010

p P.=VZ/R
- 2
2 | Modulating Py= P+ m*P /4
-Ed signal Pep =0 | P = m?P_/4 J
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« SSBFC (toan song mang don bang canh ) AM

Consider:
100% diéu ché SSBFC:
P, 4 1
P P+Z:>P _EP andPSldeband—gF’t
100% diéu ché DSBFC:
P, 2 1
P=P+%=P==PandP,,. =-P
2 3 3

=SSBFC yéu cau tong cong suat nhé hon nhwng thanh phan
phan tram cho théng tin cua tong cong suat cling nho hon so
véi DSBFC

9/12/2010 9/48



« SSBFC (toan s6ng mang don bang canh ) AM

Viex = Ve + Visp Envelope

Dang song
SSBFC 100%
diéu ché

Nhac lai: trong DSBFC, thay doi dinh clia dwong bao = tong bién d6
cua tan so trén va duwéi. In SSBFC, chi c6 1 bang canh

= thay d6i dinh chi bang 1 nlra so v&i DSBFC

=tin hiéu giai diéu ché cé bién d6 bang 1 nlra so v&i cla tin hiéu giai
diéu ché DSB

9/12/2010
—can nhac gilra bang théng va bién do cua tin hiéu giai diéu ché
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g Fa* 9

2 | Modulating

8 | signal Py =0 Pub=mPe/a=P, Frequency
Sb =

< /_UsB_\ spectrum

- f
f. (supressed)

—bang thong va céng suét phat it hon

SSBSC bao gdbm 100% téng céng suat phat

vp'vusl l
/\ /\ /\ /\ [\ Phai séng ko phai la dwdng bao
La séng hinh sin & tan s6 don = tan
: sO songng = tan so song dung dieu
ché

9/12/2010 SSBSC waveform
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« SSBRC (PBon bang canh song mang giam) AM
— Mt bang canh bi lwoc bd and 90% dién thé séng
mang giam di
— Séng mang dwoc nén trong sudt qua trinh diéu ché
va dwoc ap vao voi bién ddé suy giam
— Song mang nay goi la pilot carrier, cho muyc dich tai

diéu ché
. P.=(0.1V)%/R
=)
__._3 Modulating P, =0.01P, + mchld F
g . s P?sb =0 Pusb e mch/4 requency
< fom " USB f spectrum
f ’

c

12/48

s SSBRC chiém tdan bd 100% cong suat phat



Bang canh doc lap (ISB) AM
— Tan sb séng mang duoc diéu ché doc lap véi 2 tin hiéu
song mang diéu ché khac nhau
— B0 phat bao gdom 2 bd diéu ché SSBSC
« MGt phat sinh bang canh trén

« MGt phat sinh bang canh dwdi
— Pau ra cla bd diéu ché dwoc két hop hinh thanh tin hiéu

DSB
— Cho muc dich tai diéu ché, séng mang dwoc ap lai voi

murc thap hon
P.=(0.1V)2/R
P, = 0.01P, + m?P,/2 Frequency

spectrum

Posp ='m2PcI4 Pusp = m"'Pc/4
13/48

Modulating
signal
/ Ch A \'/ h B \
& ol

fC

fmplitude




« Bang canh déc lap (ISB) AM
— S6ng truyén di cho 2 tin hiéu thdng tin don tan doc lap (f,, and
fm2)

fn1 = fm2
Repetition rate = 2f; = 2,

9/12/2010 14/48



« Bang canh sot AM
— Séng mang goém toan bd 1 bang canh va 1 phan bang

canh tht 2 dwoc truyén di
— Tan so tin hiéu diéu ché thap dwoc phat DSB

—bién dd tin hiéu I&n hon & bd gidi diéu ché

— Tan sb tin hiéu diéu ché cao dwoc phat SSB

— bién dd tin hiéu nhé hon & b gidi diéu ché
P. = VZ/R

- 2
Modulating Py=Pc+ mPc/4 + Py,
signal Piso < Pysp | Pugp = m2P,/4 Frequency
//LSB \ USB f spectrum
e

fc
15/48

Amplitude

9/12/2010



9/12/2010

DSBFC AM

SSBFC AM

SSBSC AM

SSBRC AM

ISB AM

VSB AM

Maodulating
signal

Amplitude

P, =V:IR
P,=F, + miP, /2
Poy = M?P 14| Py, = miP_fd

/ LsB UsB N\

Madulating
signal

Amplitude

L )

1)
P, =ViIR
F'I - P'c + m:'F'c.l'-l-
Prp=0 |Pup=m?P. /4
]

Modulating
signal

Amplitude

113

P.=0

g

Fl.ll:.' = n"IIPG.rd = Pl
UsB -

Prsp = 0

Modulating
signal

Amplitude

1. \suprassad)

i
P.= 10V 2R
P, = 0.01P, + m?P/4
P =0 Py = miP /4
UsSE

Medulatng
signal

Amplitude

= f

(i

P, = (0.1, /R
P, = 0.01P, + m*P,/2

Pop = m'P_f4 P, =m™P 14

hModulating
gignal

Amplitude

v r:n,n.\l{ ChB N\ i

P, = VIR
P,=P,+miPtd + Py,

P'?Ibc P F!‘ml:»- a m:'F'r__.'.ﬂ.

{f}

48



 ay o | ﬂADjF! O AMN ‘FM! ™o AR

w7 VAINTDN v VL' Wi WD ALY

v So sanh 3 dang diéu ché

quan trong trong AM:
(a) Tin hiéu diéu ché
(b) Séng DSBFC
(c) Séng DSBSC
(d) Séng SSBSC

(b} DSBFC wave

(d) SSBSC wave 17 /48



IN
N

B O EE = . . - e - By ommm. E [re— . - e

TABLE 51 Conventional AM Versus Single Sideband

Rated power Pi=10+05=15 P =05 = PEP
lin units) 1 :
025 | 0.25 E 0.5 o
B 1a I thé cha truyén tai

SSBSC or SSBRC so v@i truyén
tai DSBFC

2
LSB UsB
Voltage vector 05Y 05 : PEA 9. 707 > ,
i ‘T‘”"’ e S0 sanh dwa trén tong cong suat
: ¢ usa phat dé hinh thanh ti 1&é S/N &

dau ra ctia bd nhan
RF signal w W

PEV = 2 PEV = 0.707
PEP =4 PEP = 0.5
Demodulated
Information
signal
USB + LSB =1 o
Arbitrary noise
voltuge pet kHz M PR A SN AR ASPAPPIIPNPAPNPLNIIE
or- St anchieth 0.1 V/kHz 0.0707 V/kHz 18/48
S/N ratio = RS 0707 _
20 loa S/N 20 log &~ = 20 dB 20 log o 20d8



« Loi thé cla truyén tai SSB :
— Bao toan cong suat
— Bao toan bang thdong
— Selective fading
— Giam nhiéu

- Bat loi cua truyén tai SSB
— B0 nhan phuee tap
— Kho Tuning

9/12/2010 19/48



« B0 diéu ché AM la bd diéu ché nhan

V. (1) =[1+msin(2#f_t)][E, sin(24f t]
 Lwoc bd thanh phan tan sb trwéc khi nhan :

v, (t) =[msin(2f, t)][E, sin(2f t]

mE mE
= “cos[2z(f, + f Ht]+ > “cos[2z(f, — f )t]
where:  — mfc cos[2z(f. + f_)t]=upper side frequency component
mE

+ > “cos[2z(f, — f )t]=lower side frequency component
S6ng mang da dwoc nén trong bd diéu ché

o2& chuyén ddi thanh SSB, Iwoc bd phan tdng/ hiéu tan sb

20/48



* Lwoc bo song mang tr song da dwoc dleu
ché hay gidm bién dé clia séng mang st
dung loc khac

 Kho vi dong thoi lwge bo 1 phan bang canh
vi hé s0 Q khong hiéu gua

« S dung bd diéu ché can bang dé tao tin
hiéu DSBSC

« Bd diéu ché can bang ciing dwoc st dung
trong FM, PM ciing nhuv PSK, QAM

9/12/2010 21/48



 B6 diéu ché can bang hay bd diéu ché can bang
lattice

» S dung diode dé on dinh, khdng yéu cau nguon
dién ngodai, tudi tho cao, khdng can bao tri

» Bién d6 séng mang gap 6,7 lan tin hiéu diéu ché
dung dé diéu khien diode

D
T, 1 T
- u 2 .
Modulating D, o S.chematlc
i D, sionsl diagram
D
9/12/2010 : 22/48
by Carrier

input



* Nguyén ly mach dién

— D,, D, on: ko dao pha

— D,;,D, on: dao pha

— Dong séng mang duoc
chia tai T1 va di theo cac
hwdng trai ngwoc qua
nhanhtrén va dwdi cua bo
bién thé=lwgc bo trudng
tw, nén séng mang

— Soéng mang ro ri. khéh
hoan toan nén duwgc song

mang do mach ko can
bang

9/12/2010

~a = - -

——>
+ D, +
Modulating o Output signal
signal input (modulating
*On" signal)
. D, -
—Or—O
Carrier
input
(b)
T,
+ -
Modulating Qutput s?gnli
signal input (modulating

signal reversed)

+ O—
Carrier
input

23/48



« PAu ra 1a chudi xung
RF

« Toc dd lap lai phu
thudc vao tan sd séng
mang chuyén mach

« Bién dd quyét dinh
bdi dién thé cua tin
hiéu diéu ché

(a) Modulating signal; (b) Carrier signal,;
&) . Qutput waveform before filtering; (d)
Output waveform after filtering

24/48




« Bd diéu ché can bang s dung FETs thay
vl diodes

+
Modulating Double-sideband
signal in Vin Vout suppressed-carrier
output signal

011212010 Schematic diagram 25148



BO DIEU CHE CAN BANG KEO
PAY FET

» P06 thi pha B0 diéu ché can bang FET




 Phwong thwec phu thuéc hoan toan vao
chuyén mach cua diodes du¢i sw anh
hwédng cua sbng mang va tin hiéu diéu
ché

2 Ry loutput)
b3

Modulating
signal

Carner
nput

011212010 Schematic diagram 27148

—



—nA nl%lnﬁll— &.Dﬂ Dﬂﬂ &%IH
-"w e B B W il EEm WS W -’l“ -y LW
1L YL

* Hoa d6ng cua mach: ca 4 diodes on hay
off

Diodes biased off

Diodes biased on e

9/12/2010
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» Dién thé séng mang thay dai tr (+) sang (-), va
nguoc lai =dang song ra la 1 chudi xung bao gém
tan s6 bang canh cao va thap

- ! o
fm
: ‘
I
0

9/12/2010

"lv"
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» LM1496/1596 cung cap nén
song mang 50dB & 10MHz, |1én
dén 65dB & 500kHz

« B6 khuéch dai vi sai 1a thanh
phan co’ ban cua bd diéu ché
can bang LIC

. Tan sO song mang va tin hieu
diéu ché di qua transistor tao
ra thanh phan téng / hiéu tan sb
& dau ra

9/12/2010

Qutput

Carrier
input Q, a,

<

Modulating
Q, signal input
Ve

Bias Q,




« Bd diéu ché AM DSBSC si* dung mach
tich hop tuyén tinh LM1496/1596

1k

J_ - f AP l 2 T +12V de
%‘l k{2 :
o
-
-

< <
39k :: :: 39k0
1 <

Note:
All capacitance
values in microfarads.

9/12/2010
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« SSBSC va SSBRC tuwong tw trw treong
hop bo phat song mang co mach ngoai
dé thém séng mang bién dd thap vao
dang song SSB

 Mach dogc goi la hay

« SOng mang duoc thém vao dwoc goi la

« 3 cau hinh: phwong phap loc, dich pha,

9/12/2010 32/48

phwong phap tho 3



k) r

« S& dung bd diéu ché can bang dé nén
song mang khdng mong muodn, loc dé nén
bang canh khOng mong muon

9/12/2010 33/48
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« Phd tan so tin hiéu diéu ché nguyén goc dwoc
chuyén dbi qua cac bwdc diéu ché cay dén
tan s6 s6ng mang cudi cung la 22.1 MHz va
bang canh trén mé rong tlr séng mang dén
22.105MHz

« Phd dau ra cudi cung co thé dwoc tao ra bdi
qua trinh heterodyning

9/12/2010 35/48



Iy

« So do khdi cho bd phat chuyén SSBSC

B=5kHz B=56kHz B-'IDkHZ B =5kHz

: Antenna

5k 22.095M 22 1M 22.105M 221M 22 105M

Modul_!ting : Amp. @ BPF Power
signal input -’ amp.
Balanced i
modulator
HF carrier
0sc.
22.1 MHz

« BPF kho dé xay dwng trong trwéng hop

9/12/2010 36/48



« Khi thao tac trén
kénh don, bo phat
chuyén dbi kha
don gian

« Khi thao tac trén
nhiu kénh, 3 hé
thong chuyén doi
thye té hon

9/12/2010

BPF requirements: sharp filter
1
I
LSB ! usB

22.095 MHz 22.1 MHz 22.105 MHz

{b)

I
I-N /”///‘L;;;]
- I
17.895 MHz 17.9 MHz 20 MHz 221 MHz 22.105 MHz
{c)

Fig 5-14. (b) Output spectrum and filtering requirements for a
single conversion transmitter; (c) Output spectrum and filtering
requirements for a three conversion transmitter

37/48



 BOQ loc bang canh don
— Bé loc 1a 1 thanh phan thiét yéu cta hé thong
— Hé sb chat lwong (Q) cua bd loc bang canh don:
0- f (log™ S/20)"*
4NAf

where: Q=hé sé chat lwong
f.=tan s6 sdng mang trung tam
S=dB murc dd nén tin hiéu ko mong muén

Af=chénh léch tan sb gilra bang canh trén va bang canh duwéi

— Example 5-1
— Bd loc LC co6 Q thap
arzz0t S dung chat liéu thach anh hodc gém s, bd loc séng am 38/46
thanh nén/ may moc



 Bang canh khéng mong mudn bi hay bé &
dau ra cua b diéu ché = khong can thiét
loc nhay

« S dung 2 bd diéu ché bang canh dbi déc
lap

9/12/2010 39/48



PHUONG PHAP D|CH PHA
(2/3)

« Biéu dién pha




 Phan tich téan hoc

Déu ra bo = (sin o, t)(sin @,t)

diéu ché can 1 1

bang 1 = Ecos(a)C -, )t —Ecos(a)C +w )t

Pau ra bd = (cos w,t)(cos w,t)

diéu ché can 1 1

bang 2 = Ecos(a)C — o )t +5c:os(a)C + o)t

: cos(w, — )t : cos(w, + w )t

Pau ra bd 2 =2 T

tong tuyén 1 1

tinh + 5 cos(@w, — o, t+ 5 cos(@, + o, )t
91212010 cos(w, —w )t canceled 41/48

lower sideband



« Tin hiéu thong tin dwgc diéu ché ban dau v&i song
mang phu audio

-

Audio
input ——¢

9/12/2010 .

Balanced fo + 90° £ fy
T s

1

1!0*90"

90° phase
shift

Audio
subcarrier
oscillator

1"’

Balanced

foef,~f, +90°

modulator
2

fokt

pF1 | t,+90°-f, | Balanced | fe-fo+fm-90°
- 3
AF carrier
oscillator
'L
Y
Linear SSBSC
. summing [~ Output
circuit wave
# fc + fo = ‘m * m‘
90° phase
shifter
f. + 80°
LPF 2 Raaced
20 it il ERTRTRY e

fo -1, +f, +90°



r

Single-Sideband BFO Receiver
Coherent Single-Sideband BFO Receiver
Single-Sideband Envelope Detection Receiver

Multichannel Pilot Carrier Single-Sideband
Receiver

9/12/2010 43/48



« Single-Sideband BFO Receiver:

Receive

antenna RF IF
SSBSC 55BSC
AF
input
signal
IF amp. and
RF ampitier bandpass
- and ] RF mixer filter - I L. Demodulated
preselector - mixer information
#
RF local
080, BFO

FIGURE 5-21 Noncoherent BFO SSB receiver

— BFO: Beat Frequency Oscillator (bc“) dao dong phéch)

— Suw ko nhat quan dan dén sai l&ch tan sb néu ton tai sy khach
biét vé tan so6 LO b phat va nhan

o220t BO trgn RF’va b tach séng thr 2 la cac bd tach sdng nhan 4446
— BQ diéu ché nhan va b6 tach séng nhan chung 1 mach



« Coherent Single-Sideband BFO Receiver:

Receive
antenna RE "
SSBRC SSBRC
RF ..
Input
e IF amp. and
AF amplifier b-ln_c'plss
S and RF mixer p—p={.  filter IF
preselector - mixer
.

| RF local oscillators

Carrier recovery
|  and frequency
synthesizer

FIGURE 5-22 Coherent SSB BFO receiver

Demodulated
information

— Tan s6 LO and BFO dwoc dong bd véi bd tao dao ddng sbng mang

trong bd phat

— Mach phuc hdi séng mang la 1 PLL bang hep tim pilot carrier trong tin

hi€u nhan SSBRC

9/12/2010

— S6ng mang tai tao dwoc s dung dé tao ra tan s RF LO va BFO nhét

AllAN



« Single-Sideband Envelope Detection Receiver

: Envelope
Recaive
antenna
i s IF
RF SSBRC SSBRC SSBFC
I
l:‘g:u.:l IF amp. and
RF amplifier bandpass . o
-'""I and ———g—p{ RF mixer f— filver Liner " Demodulated
preselector J =1 summer [~ M{i::lm n‘ —
%
A ]
RF LO IF carrier|LO
RE Carrier recovery
' and frequency
carrier synthesizer

— IF dwore tai tao thém vao phé IF trong b téng tuyén tinh cudi
cung =dwdong bao SSBFC

anzom>gidi diéu ché dung bd tach séng diode dinh o



« Multichannel Pilot Carrier Single-Sideband

Recelver

Receive
antenna
1st IF = 2 MHz 2nd IF = 200 kHz
1stiIF 2nd IF
/ amplifier and '
RF amplitier Tt lr[\nlr':o' and i Gl mplifier | 3rd detector Audul'.\'_ |, Toaudio
and —2 A =y > B e ilta (IF mixer) * | preamplifier amplifiers
(RF mixer) (IF mixer) filter
preselector H:" -
= *
AF input b 1.8 MHz ? 200 kHz f
4 MHz — 30 MHz X8 Squelch
multiplier = amplifier
200 kHz
' ?
ookl ST EALTT LT 1
; B AGC
i : "] detector
200-kHz | i
crystal Buffer % Phase |
referance amplifier 200 | | comparator :
Rc— kHz | i To RF and IF
i ' amplifiers
! i I
! i
! i
{ | Low-pass | ! -
1 | loop filter : ]
1 * 1 |
| = "
H 1
' 1
1 |
i Y :
6 MHz — 32 MHz ! | Channel
i
] Veo *( | i lector switch
I
! i
L d

9/12/2010

FIGURE 5-24 Multichannel pilot carrier SSB receiver
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« SSBSC théng dung cho da hop phan chia tan so do
hiéu qua vé bang thédng va cdng suat

« Pa hop la qua trinh két hop sw truyén tai ti nhiu
hon 1 nguén va phat di trong chung méi truwdng

« FDM la phwong thirc twong tw két hop 2 hay nhiu
nguodn twong tw chiém cung dai tan s ma khoéng
giao thoa lan nhau

9/12/2010 48/48



« Example:
Channel 1 Channel 2 Channel 3 Channel 4
source source source source
information information information information
100kHz 105kHz 110kHz 115kHz 120kHz
) Bandwidth=20kHz .

9/12/2010
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SSBSC AND FDM (3/4

« Example



« Truyén tai SSBSC c6 thé dwoc st dung
dé két hop hang tram hay hang ngan kénh
bang hep (thoai hay di liéu toc dd thap)
vao 1 kénh bang rong két hop ma khéng
bi giao thoa kénh

« Xem thém chwong 16 Da hop

9/12/2010 51/48



« Wayne Tomasi, Electronic
Communications Systems: Fundamental
through Advanced, Chapter 5,4 edition
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Angle Modulation Transmission
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Gioi thiéu
» C6 3 thanh phan cla tin hiéu twong tw c6 th‘é thay
doi bdi tin hiéu mang théng tin la: bién dd, tan so va
pha.
« FM, PM ca hai déu tr diéu ché goc.
 Loiich cua AM:
— Gidm nhiéu
— Cai thién db tin cay hé thong
— S dung nang lwveng hiéu qua hon
« Han ché:
— Bang théng lon
— Mach phure tap

9/12/2010 2/48



Piéu ché gbc

« Diéu ché gbc 1a khi géc pha (8) cta séng sin bi thay dbi
theo thoi gian

« Biéu thirc toan hoc:
m(t) =V, cos[aw,t +6(1)]
— m(t): sobng da diéu ché goc
— V_: bién dd dinh séng mang (V)
— o, tan s6 géc séng mang (anglular velocity, rad/s)
— 0(t): d6 léch pha twc thoi (rads)
« 0(t) 1a 1 ham cua tin hiéu diéu ché

o(t) = Flv, (O] = FIV, sin(e,1)]

9/12/2010 3/48



Piéu ché goc

 FM va PM khac nhau & dac tinh cua séng mang
bi thay ddi trwc tiép hay gian tiép b&i tin hiéu diéu
ché
« Tan s6 s6ng mang thay doi < pha séng mang
thay ddi
« FM la két qua ti tan sd séng mang thay dbi truc
tiép phu hop véi tin hiéu diéu ché
« PM la két qua tr pha s6ng mang thay ddi truc tiép
«zphU hop véi tin hiéu diéu ché "



Piéu ché goc

* Dinh nghia:

— Direct FM: thay dbi cla clia séng mang
cO bién do cO dinh thay doi trwc tiep voi bién
dd cua tin hiéu diéu ché véi toc dd bang voi
tan sO cua tin hiéu diéu cheé.

— Direct PM: thay doi cla clia séng mang co
bién dd coO dinh thay doi trwe tiep véi bién do
cua tin hiéu diéu ché véi toc dd bang véi tan
SO cua tin hiéu diéu ché.

9/12/2010 5/48



bPiéu che goc
« Tin hiéu da diéu ché goc trong mién tan s
— D6 1én va hwéng cla dich tan (Af) thay dbi theo bién do va
cwc cua tin hiéu diéu ché
— Toc do tan so thay ddi bang voi £,

—Af +Af

I
i
I
1
!
i
i

-

I
i
-+
i
I
i
L]
i
I
1

®
Vll) = Vi, 8in (2xf 1)

i
i
I

" 6/48
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Piéu ché goc

« DPiéu ché goc trong f?%
mién th&i gian 23

: [ |
| |

I |

| |

p—

Y T RS AL

12291% Frequency changing with time Phase changing with time "



Piéu ché goc

(AB): do dich twong ddi clia
pha song mang tinh bang radians doi vo
pha tham chiéu

, (Af): @8 dich twong doi cla tan
s0 song mang tinh bang Hz doi voi gia tri
chwa diéu ché

« Céac dd léch twong tng véi tin hiéu diéu
ché.

9/12/2010 8/48



Phan tich toan hoc

e Some terms:
— DQ§ léch pha twc thoi=0(t) (rad)
— Pha twrc thoi= ot + 0(f)
— D6 léch tan sb tire thei= 0'(t) (Hz)
— Tan so tre thoi

o, (1) = %[a)ct +O(M)]=w, +0't) =24, +0'(t) (rad/s)

o'(t)

27

f()=f + (Hz)

9/12/2010 9/48



Deviation Sensitivity

« Diéu ché pha la diéu ché dgc')c voi o at) ~ v, (t)
hay 6(t)=Kv_(t) (rad) (6.7)

« Piéu ché tan so la diéu ché goc vai @(t) ~ v, (1)
va 0t) = [[vVa (1)]
hay ¢@t)=Kyv (t) (rad/s) (6.8)

9/12/2010
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Deviation Sensitivity

K va K1:hang sb va dwoc goi la cua
pha va tan so bd diéu ché (modulators)

la ham truyén output-input cia b diéu
ché (modulator)
Thé hién mdi quan hé gitra nhirng thay dbi ciia thong sé ngd
ra v&i nhiing thay déi cla tin hiéu ngd vao

PM: k=29 (rad/v)
AV

_ A rad

9/12/2010 11/48



« T (6.7) va (6.8)

Deviation Sensitivity

PM= 6(t) = [ 6 (t)dt =[ K,v,, (t)dt =K, [ v, ()t
* Diéu ché pha:
m(t) =V, cos[aw.t + 6(1)]

=V, cos[w.t+ KV _ cos(w,t)]

« Piéu ché tan sb

9/12/2010

m(t) =V, cos
=V, cos

=V, cos

=V_cos

o+ [0 )]
ot + [ Ky, (t)elt]
0.t + K, [V, cos(w,t)dt]

KV
ot +—=sin(w,t)
@

m

12/48



Bang tom tat (6-1)

Loai diéu ché Tin hiéu dieu | Song da dieu ché goc, m(t)
ché

(a) Pha V(%) m(t) =V, coswt + Kv. (t)]

(b) Tan sb6 Vm(t) m(t) =V, cos[aw,t + Klj’vm (t)dt]

c) Pha V, cos(w, .t

(c) mCOS(@m) m(t) =V, cos[a,t + KV_ cos(w, )]

(d) Tan so VmCOS(a)mt) m(t) =V, cos{a)ctJr Y, Sin(a)mt)}

9/12/2010
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Dang song FM va PM

- ANAAAAAAAAAAARAAAAAAAAN
JUVUUVUU UUUUUU

|
|

| A | r |
Fle

. mnmnmnmmmm
VUV VT Hum i

l Maximum

FIGURE 6-3 Phase and frequency modulation of a sine-wave carrier by a sine-wave signal:
(@) unmodulated carrier; (b) modulating signal; [c] frequency-modulated wave; (d) phase-
modulated wave.




Hé so diéu ché

» Biéu thurc (c) (d) trong Béng 6-1 c6 thé viét
lai dw®l dang tong quat:

m(t) =V, cos[m,.t + m.cos(w,t)]

« m: hé sb diéu ché, and is defined differently
in phase and frequency modulation

9/12/2010 15/48



Hé so diéu ché

« V&i diéu ché pha:
— m=dd léch pha dinh=ty 1& v&i bién dé tin hiéu diéu ché, doc

9/12/2010

lap véi tan so
m=K.V,, (radians)
VO
m=hé sb diéu ché va dé Iéch pha dinh (A0, radians)
K= deviation sensitivity (radians per volt)
V_= bién dd dinh cua tin hiéu diéu ché (volts)

m(t) =V, cos[m .t + KV, cos(w,t)]
=V, cos[m .t + Adcos(w,t)]
=V, cos[w t + mcos(w, t)]

16/48



Hé s diéu ché

« Diéu ché tan sb
— Diéu ché tan s ty 1& v&i bién dd cua tin hiéu diéu ché va ty 1& nghich
v&i tan so cua tin hiéu diéu ché

KV :
m=——-" (unitless)
a)m
v&i K, (radians per volt)
@, (radians/s)
— hay
KV :
m= ]f M (unitless)

m

v@i K, (Hertz per volt)
f. (hertz)

9/12/2010 17/48



Pé6 léch tan s

* Do lech tan sé (Frequency deviation) 1a sy thay dbi cua tan
sb xay ra & song mang tac déng béi tin hiéu diéu ché

« Do léch tan dinh Af
« Do léch tan dinh dinh (2Af)=carrier swing
Af =KV (Hz)
_Af
f

m

— Hé sb diéu ché:

m(t) =V, cos| .t +
a)m

Vo }
“sin(w, t)

=V, cos| ot +?—fsin(wmt)}

m

9/12/2010 :VC CoS :a)ct + m,sin(a)mt)] 18/48



9/12/2010

AB

*
£

FM and PM
Vl'll
{a)

PM
Vi
{c)

at

Af

FM

oy

PM

(b)

FM

Vin
(d)

FIGURE 644 Relationship between modulation index, frequency deviation, and phase
dewiation in respect to modulations signal amplitude and frequency: (a] modulation in-
dex versus amplitude; (b) frequency deviation versus modulating frequency; (c) phase
deviation versus amplitude; and (d) frequency deviation versus amplitude.
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Tom tat diéu ché goc

FM PM
3ng d3 [ KV
gi%:gcﬁaé m(t) =V, cos| ot + wmm sm(a)mt)} m(t) =V, cos[w t + KV, cos(w,t)]
- =V, cos[aw,t +Afcos(w,t)]
=V._cos a)t+£sin(a) t)
A S m =V, cos[m,t + mcos(w, t)]
=V, cos[wt + m.sin(w,t)]
Deviation K, (Hz/V) K (rad/V)
sensitivity
Do léch
Af =KV, (Hz) A@ =KV, (rad)
Hé sb diéu
ché m=—+"=—(unitless) m=KV_=Ad#(rad)
m fm
Tin hiéu .
diéu ché Vi, (t) :Vm Sln(a)mt) Vin (t) :Vm COS(C()mt)
BBago

mang

v, (t) =V, cos(w,t)

v, (t) =V, cos(w,t)

20/48



BO diéu ché va giai diéu ché Pha
va Tan soO
* CO 4 cach dung twong dwong:
— BO diéu ché PM = B vi phan theo sau b&i bd
diéu ché FM
— B6 giai diéu ché PM = B6 giai diéu ché FM
theo sau b¢&i bd tich phan

— Bd diéu ché FM = Bd tich phan theo sau b&i
bd diéu ché PM

— B giai diéu ché FM demodulator = B giai
diéu ché PM theo sau b&i bd vi phan

9/12/2010
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Phan tich tan sb

e Diéu ché soéng sin moét tan sb
m(t) =V, cos[am.t + mcos(w,t)]
e Céc thanh phan tan so riéng ré thi khdéng rd rang

(Individual freq components are not obvjously) n
7T
cos(a+mcos B) = > J,(m)cos(x +npB +7)

N=-—00

J,(m) la ham Bessel function of the 15t kind of nth order

with argument m
e So, m(t) =V, i J. (m)cos(wt+nw,t +n77z)

N=—o0

9/12/2010 22/48



Phan tich tan s
« Expanding:

m(t) :VC{JO(m) cos .t +J,(m) cos{(a)c + o)t +g)} —J,(m) cos[(a)c — o)t —g)}

—J,(m)cos|(w, + 2w, )t]-J,(m)cos|(w, — 20 )t]+....}

© L M= m)
 m(t)=song da diéu ché goc

« m=hé sb diéu ché

« V_=bién d6 song mang dinh

* Jo(m)=carrier component

« J,(m)=1%t set of side freqs displaced from the carrier by o,

s Jo(m)=2"9 set of side freqs displaced from the carrier by 2w,

23/48



Phan tich tan sb

« Sideband set (f.xf,, fEx2fm:---» fcENf )

» First-order sidebands, second-order sidebands,...
* Jy(m),J,(m),...magnitudes of sidebands

« J.(m) can be solved by:

Jn(m):(mj”{l_ (m/2)? L (m/2)* (m/2)° +}
2)In 1+ 2(n+2)! 3(n+1)!
e Table 6-3

* m increases, the number of significant side freqs
Increase=bandwidth increases

 Example 6-2

9/12/2010 24/48




Bessel functions of the First Kind

Modulation | Carrier Side freq pairs

index

m Jo J; J, Js J4 Js Je

0 1.00 - - - - - -

0.25 098 | 0.12 - - - - -

0.5 094 | 0.24 | 0.03 - - - -

1 0.77 | 044 | 0.11 0.02 - - -

1.5 0.51 | 056 | 0.23 | 0.06 0.01 - -

2 022 058 | 035 | 0.13 0.03 - -

2.4 0 052 | 043 0.2 0.06 0.02 -

9/12/2010
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Bessel function versus m

+1.0

+0.9 -

+08 -

+0.7

+06 I~

+0.5 -

+0.3 -

J tmi

+0.2

+0.1

-0.31+

-0.4

Jotrn)
yfmn)
Joimi
datlmy

Jdm)

1 ol i = 1 I |

9/12/2010

FIGURE 65

1 2 3 4 ) s} 7
Modulaton index, m

Jolm versus m

1

12
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Bang thédng clia séng da diéu ché
goc
« BW réng hon tin hiéu AM véi cung mét tin hiéu diéu
ché.
 Bang théng tbi thiéu

Medium
9 Low index 1 index High index
Modulation |~ — il — ‘1IO’ —
index
Bvain=2-fm BVVmin=2-Af
« Bang théng thyc té
Bessel function table: BW=2.(nxf,) n=number of significant sidebands
Carson’s rule: BW=2.(.Af +f.)

9/12/201

e Example 6-3
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Cdng suat trung binh

« Coéng suat trung binh clia séng mang chwa diéu ché
V2
P =~ (W
c = oR (W)
« Cong suat tire thoi cla tin hiéu da diéu ché

_m()°
R=—pg W)

2 2

V V 1 1
— P == cos*[w.t+0(t)]=—-<=+=cos[2w.t + 20(t
=Y cos' Lt + (0] R{Z L cos(20, ()]}

Reduces to: P~ —=(W)

« Actually,
P=P+P+P+P+..+P

VARV VA VA 2V ?
P=—"—+ + + + ...+
2R 2R 2R 2R 2R

9/12/2010 28/48



~d

Nhiéu va diéu ché goc

. Nhiéu nhigt=léch tén song mang khong mong muon ?giéi
dieéu ché =nhiéu néu thanh phan tan sé nam trong phao tin
hiéu

« Dang phd cua nhiéu:

— PM: khdéng dbi véi tan s6
— FM: tang tuyén tinh

PM rectangular
noise

FM noise
triangle

9/12/2010 . _ 20/48
FIGURE 6-10 FM noise triangle



Phase modulation due to interfering
signal

« P0o léch pha dinh:

AO . =0 (rad)

peak ~—
Vc

« Gidi han bién do=giam cdng suat tong

Before limiting

9/12/2010 - 30/48

FIGURE 6-11 Interfering sinusoid of noise: [a) before limiting; [b) frequency spectrum:;
[c] after limiting



Frequency modulation due to
interfering signal

Pé léch pha tirc thovi:
o(t) = \\;—”sin(a)nt +,)(rad)

c

Pé léch tan sb tic thoi:
Aw(t) = \\;—” @,CoS(w,t+6.)(rad/s)

c

Pé léch tan sé dinh:

Vn Vn
AW oy = Ia)n (rad/s) or Af ., = I f. (Hz)
* Tuy nhién: Af oo = Mi (H2)
S _ Afdue to signal
9/12/2010 N Af 31/48

due to noise



Preemphasis & Deemphassis

* Without preemphasis

Uniform
signal level

— i

S/N maximum

SN minvimom

Nonuniform

rl\:
|
I
|
|
i
|
I
|
|
|
noise level

al
9/12/2010 I' 32/48



Preemphasis & Deemphassis

* With preemphasis

| /K Nonuniform
I signal laveal
. Uniform S/N

"

'y '

I

I

I

|

|

: ™~ Nonunitorm
noise level

tel)
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Preemphasis & Deemphassis

* Preemphasis network is a high pass filter (a
differentiator)

 Deemphasis network is a low pass filter (a
integrator)

1
f=—"—
27RC
hay
R =75 kil 1

In _m——f-vﬂumul fb:
RC = /fOus 2721_/R
C=1nF -[

9/12/2010
Preemphasis Deemphas s
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BO diéu ché Tan sb & Pha

Direct FM

Direct PM

Disadvantage

Bd dao dong LC khéng 6n
dinh dé tao tan sé séng
mang=mach diéu khién tan
so tw dong

Kho dat dwoc do léch
tan va chi so diéu ché
cao

Advantage

Dé dat dwoc dd léch tan va
chi sO diéu ché cao

B6 dao dong tach biét
v&i mach diéu ché=6n
dinh

9/12/2010
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Direct FM modulators

Frequency
determining
componants

Do 1&ch tan tie thoi ty 1 trwe tiép vai bién do song diéu ché
B& diéu ché FM tryc tiép don gian (&ng dung cao):

Sound |- p
7 Microphone !
BUUS R e A |Mcrophone oscillator
B

|

Direct FM
output

l

Tank
circuit

FIGURE 6-14 Simple direct FM modulator

« 3 phwong phap: varactor diode, FM reactance,

circuit
9/12/2010

linear integrated-
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Varactor diode

« Schematic:

=
p—
(3]

3 RFC
G, Crystal c.
R, ———O———{—0 FM output
§ RFC
Modulating c,‘ RFC %_ -
signal input | ! LU 113 l‘x?‘

FIGURE 6-15 Varactor diode direct FM modulator

9/12/2010

Positive alternations= Areverse
bias=Ncapacitance
= Aoscillation freq

Negative alternations = Nfreq
Simple to use, reliable

Stablity of oscillator=peak freq
deviation is limited small values
=low-index applications

37/48



Varactor diode

Carrier rest freq: f_ =

1
27[@ (H2)

g }———OFM output
% 1
New frequency: f = (Hz)

27,/L(C +AC)

Modulating
signal input ” ! [

L Peak freq deviation: ~ Af =|f_ - f|(Hz)

FIGURE B-18 Varactor diode VCO FM modulator

9/12/2010 38/48



FM reactance modulator

« JFET dwoc st dung nhw thiét bi chd déng

« Modulating signal varies reactance of JFET causing a change in
resonant freq

Oscillator |
tank circuit T !

9/12/2010 39/48

Modulating
signal input



FM reactance modulator

« Equivalent circuit

9/12/2010

Impedance between the drain and ground:

. X, —
Ly =~ R = R
gm 27megm C

g,,RC: variable-capacitance

Modulating signal=vgg AL =g, AL =V ;K
= z,¥ = resonant freqAK

Maximum freq deviation 5kHz

40/48



Bo diéu ché FM tryc tiép IC

tuyén tinh

« On dinh, chinh xac

« Cdng suat ngd ra thap, can vai thanh phan thém vao

_ Voltage controlled
Vin(D)=Vsin(2rf t) oscillator (f,)

Af=V_K.

K,=deviation sensitivity

* Motorola MC1376 FM transmitter LIC: f.=1.4MHz+14MHz, low

power application (cordless phones)

9/12/2010

\ 4

BPF

—>

FM output
f, £ Af

Af
m=—-

f

m

A =m

41/48



Direct PM modulators

 Varactor diode

To amplifiers
g and multipliers

I-—'__1

Crystal
oscillator
carrier C,
input <&
Ry &
o+

Modulating
= signal input

FIGURE 6-20 Direct PM modulator schematic diagram

« Tan s6 6n dinh
« Hé sb &ng dung thap

9/12/2010 *
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Direct PM modulators

 Transistor direct PM modulator

Unmedulated Vee
carrier |
input 5
| e £
: C § F C
1 4
LAY fe kg JEL N " Ve
! H\J,J w I\
o reiaogs s e < L)
Modulating signal .
input A+ Rg
C AN i@

9/12/2010
FIGURE 6-21 Transistor direct PM modulator

Direct PM
output
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Frequency up-conversion

* Heterodyning process
* Frequency multiplication

9/12/2010



Heterodyning process

input from FM

or PM modulator Output
fexin) forouty = Teqin) + far
Bfin) Balanced Bandpass | | Aliouy = Al
M) modulator filter (sum) Miguty = Miiny
fm{inr f|I'|":{||:|ul:| = fnﬁin}
Biin) (fag) T Biou) = Biin)
Buffer
amplifier
(far) T
RF
oscillator

9/12/2010 45/48



Multiplication method

Input from FM Output

or PM modulator
fetin) feiouty = N X Teiin)
A , TimesN Aouty = N X Afin)
Min) frequency multiplier Miouty = N x My,
Ilrrw[in} fm{nut} ™ fnﬂm:
Biiny (b) Biouty > Biin)

9/12/2010 46/48



Digital Communications

9/12/2010



HE THONG TRUYEN THONG SO
HE THONG TRUYEN THONG SO
« TRUYEN THONG SO - HE THONG SO THUC SU"
CAC XUNG SO (i.e. NRZ, AMI, MANCHESTER,HDB3) TRUYEN QUA
CAP PONG/QUANG (KHONG SONG MANG TUONG TU)). THONG TIN
CO THE BAO GOM SO VA TUONG TU (CAN A/D va D/A).
« CAO TAN SO (DIGITAL RADIO):
SONG MANG TUONG TU PUQC PIEU CHE DANG SO (i.e. PAM, QAM,

ASK, PSK, FSK, PWM). TRUYEN THONG QUA CAP PONG HOAC CAP
QUANG HAY KHONG GIAN

9/12/2010 2



DUNG LUONG KENH TRUYEN/THONG TIN

PO XEM CO BAO NHIEU THONG TIN (i.e. SO MAU PQC LAP)
CO THE TRUYEN QUA MOT KENH TRUYEN TRONG MOT PON VI

THOI GIAN

HARTLEY’S LAW (BELL LABS)

DUNG LUONG KENH TRUYEN LA HAM TUYEN

TINH:

CxBxt

9/12/2010

C: DUNG LUQNG KENH TRUYEN
B: BANG THONG (Hz)
t: THOI GIAN TRUYEN (secs)



MOI QUAN HE CUA BANG THONG VA DUNG LUQNG

KENH

VOI 1 KENH TRUYEN CO NHIEU, TY SO TiN HiEU TREN NHIEU (S/N) LA TY SO
CUA CONG SUAT TiN HIEU TREN CONG SUAT NHIEU, PUQC PO O PAU THU

(S /N)e =10 log | >'9nal

Power

Noise

Power

SHANNON’S THEOREM (BELL L ABS)

C: DUNG LUQNG KENH TRUYEN (bps) / BIT RATE

B: BANG THONG (Hz) )
S/N: TY SO TiN HIEU TREN NHIEU B

C =B log 2(1+%)

C

S
lo ] + —
g 2( N)

9/12/2010
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DUNG LUONG KENH
VI DU

DUNG 1 KENH THOAI PE TRUYEN DU LiEU SO QUA MODEM.

B =3100Hz, S/N =30 dB = ratio of 1000:1

C=B 10g2(1+%) = 3100 log 2(1+1000) = 30,894 bps

TOC PQ BIT NAY CHI LA TOI PA THEO LY THUYET.
NO KHONG THE PAT PEN VOI MA HOA NHI PHAN.

- GIU'NGUYEN CAC GIA TRI KHAC, TANG BANG THONG
SE TANG TOC PO DU LIEU.

9/12/2010 5



BAUD RATE Vs BIT RATE

BIT RATE = SO LUQNG BIT MOI GIAY (BIT = MOST BASIC SYMBOL)
BAUD RATE = SO LUQONG MAU (SYMBOLS) MOI PER SECOND.

USING MULTI-LEVEL ENCODING SCHEMES ARE NEEDED TO ACHIEVE THE SHANNON
LIMIT.

TRANSMISSION OF M SIGNAL SYMBOLS, N BITS EACH.

M =2"

- EXAMPLE: 2-LEVEL BINARY SYSTEM: M =2, N = 1. ONE SIGNAL SYMBOL = 1 BIT.
TRANSMISSION OF 1 SIGNAL SYMBOL = TRANSMISSION OF 1 BIT.
(BAUD RATE = BIT RATE)

« EXAMPLE: 16-QAM. M =16, N =4. ONE SIGNAL SYMBOL = 4 BITS.
TRANSMISSION OF 1 SIGNAL SYMBOL = TRANSMISSION OF 4 BITS.
THUS, 9600 BPS =2400 BAUDS.

9/12/2010 6



COMMUNICATIONS SYSTEMS EXAMPLES

—

D o |
%E T Digital T m
TRUE DIGITAL SYSTEM: |
NO ANALOG CARRIER ) s b
1 | oroptical fbercatie | |
:;:l:ag : : dnmmon
input . m‘ iri i E E D‘“w output
Tk nni; | N
H d
DIGITAL TRANSMISSION
Digital D ] Digital
= nnn i [H] n el
ANALOG CARRIER ; _r(Z)L;
d d
i | s | 2
= | mm a T pn;rl-:.al T mm -
N s e i Wi
DIGITAL® RADIO
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CAO TAN SO (DIGITAL RADIO):
« THONG TIN CO THE LA TUONG TU HoAC SO
« PiEU CHE SO:

 TIN HiEU PiEU CHE DANG SO
« SONG MANG DANG TUONG TU

9/12/2010



HE THONG CAO TAN SO

Transmitter Receiver
Transmission
media
BPF and Demodulator
F Output
Input _,| Precoder Modulator power —F@—> Bk an - > and > data
data L2 amplifier
L amplifier decoder
A T A
f . Y e
Clock Noise
Buffer BPF
ENCODER } ,
Ly Carrier
Anal.Og and clock »Clock
carrier
recovery I—Carrier

PHASE LOCKED LOOP

CLOCKS HAVE TO BE SYNCHRONIZED

9/12/2010



DIGITAL MODULATION SCHEMES

« PiEU CHE BIEN PQ SO / ON-OFF
KEYING (OOK) / AMPLITUDE SHIFT KEYING (ASK)

FREQUENCY SHIFT KEYING (FSK)
« BINARY FSK (BFSK)
« CONTINUOUS-PHASE FSK (CP-FSK)

PHASE SHIFT KEYING (PSK)
« BINARY PSK (BPSK)
« QUATERNARY PSK (QPSK)
 EIGHT-PHASE PSK (8-PSK)

QUADRATURE AMPLITUDE MODULATION (QAM)
« EIGHT QAM (8-QAM)
« SIXTEEN QAM (16-QAM)

DIFFERENTIAL PHASE SHIFT KEYING (DPSK, DBPSK)

9/12/2010 10
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PIEU CHE BIEN PO SO (OOK, ASK)
« KY THUAT PIEU CHE SO PON GIAN NHAT

- LA SONG LIEN TUC (CM), SINCE
SONG MANG TRUYEN (‘1°) CO BIEN DPQ, TAN SO
VA PHA CO PINH

« DSB-FC AM WAVE: TIN HIEU PIEU CHE NGO VAO
LA DANG NHI PHAN

- KY THUAT PIEU CHE CHI PHI THAP, CHAT LUQNG
THAP, HIEU SUAT THAP

- HIEM KHI PUQC SU DUNG TRONG HE THONG HIEU
SUAT VA DUNG LUQNG CAO

9/12/2010 12



PIEU CHE BIEN PO SO

tb

tb

tb = BIT TIME
1/tb = fb=BIT RATE

9/12/2010

BINARY INPUT
(BASEBAND SIGNAL)

ON-OFF KEYING
MODULATION
(OOK, ASK)

13



DIGITAL AMPLITUDE MODULATION

Vam (1) = [1 + Vm(t)]% cos( act)

Ve Ve
Vam (1) = ?cos( wct) + Vm(t) 7003( wct)
NORMALIZED | 1) _ <"+ 1V =logical 1
INPUT SIGNAL —1V =logical 0
Vecos(axt); logical 1input
Vam(t) =< ( ) g _ P
0 ;logical 0 Input

.

9/12/2010
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DIGITAL AMPLITUDE MODULATION

INPUT M (@) |
SIGNAL —=fu
o
—1/tb 0 1/t
DSB-FC
MODULATED SIGNAL
Fpse (@)
0 1 Cf)cw N 1
c —— cT —
B=21 b b

9/12/2010 15
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FREQUENCY SHIFT KEYING (FSK, BFSK)
« KY THUAT PIEU CHE SO PON GIAN

« KY THUAT PIEU CHE CHI PHI THAP, HIEU SUAT THAP

» BFSK TUONG TU NHU FM (CONSTANT AMPLITUDE/
PHASE) NGOAI TRU TIN HIEU PIEU CHE LA NHI PHAN
(THAY POI GIUA 2 MUC RIENG BIET)

« BFSK HIEM KHI PUQC SU DUNG TRONG HE THONG
SO HIEU SUAT CAO. SU DUNG HAN CHE TRONG
MODEM BAT PONG BO HIEU SUAT THAP, CHI PHI
THAP DUNG PE TRUYEN DU LIEU QUA PUONG DAY
THOAI TUONG TU.

9/12/2010 17



FREQUENCY SHIFT KEYING (FSK, BFSK)

V fsk (t) =VcCos [272' { fo + Vm(t)Af }t]
fc = TAN SO SONG MANG TRUNG TAM

Af = PO LECH TAN SO PiNH

V¢ = BIEN PO SONG MANG PiNH

-

NORMALIZED oy +1V =logical 1
INPUT SIGNAL  Ym(D) =5 1V = logical 0

Vecos|27{ fc +Af it] ;logical 1input
Vecos|27{ fe— Af }t] ;logical 0 input

stk(t) = <

9/12/2010 18



FREQUENCY SHIFT KEYING (FSK, BFSK)

® VOI BPSK, TAN SO SONG MANG BI DICH BOI TIN HiEU NHI
PHAN NGO VAO

o fm= fc+ At (SHIFT UP)

MARK FREQUENCY = TAN SO NGO RA VOI
LOGIC 1 NGO VAO

o fs= fc — At (SHIFT DOWN)

SPACE FREQUENCY = TAN SO NGO RA VOI
LOGIC 0 NGO VAO

o fn . fs  cIA TRI DU'A VAO THIET KE HE THONG

9/12/2010
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FREQUENCY SHIFT KEYING (FSK, BFSK)

2 Af
At ‘ A
fs = fc— Ar fe fm = fc+ As
LOGICAL 0 fn — fs LOGICAL 1
(SPACE) Af = (MARK)
2

9/12/2010 20



FREQUENCY SHIFT KEYING (FSK, BFSK)

> Analog output

FSK

(VCO)

»1 modulator

Binary input

tb = BIT TIME

1/tb = fb=BIT RATE

21

9/12/2010



FREQUENCY SHIFT KEYING (FSK, BFSK)

» VOI BFSK, TOC PQ NGO RA BANG TOC PQ NGO VAO
(TAN SO NGO RA THAY POI MOI LAN MUC LOGIC
NGO VAO THAY POI)

« VOI BFSK, TOC PO BIT BANG VOI TOC PO BAUD
(A SIGNAL SYMBOL = A BIT)

- BO PiEU CHE FSK THUONG LA 1 VCO VOI 1 TAN SO
TRUNG TAM:

fm — fs 'l'inpUt . fosc = fm

fOSC —

2 'O'inpUt : fose > fs

9/12/2010 22



Amplitude-Shilt Keying

Frequency-Shift Keying

0 0 0 0 0o 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

Phase-Shift Keying

BASK

BFSK

BPSK

23



FREQUENCY SHIFT KEYING (FSK, BFSK)

INPUT (@)
SIGNAL 1

—1/tb 0 1/t

MODULATED SIGNAL

H(w)

SIN X/X
(PULSED SINUSOIDAL WAVES)

9/12/2010 24




FREQUENCY SHIFT KEYING (FSK, BFSK)

B=(fn+ fo)—(fs— fo)
B=(fn— fs)+2fb
B=2Af +2fb

B = 2(Af + fv)

BANG THONG TOI THIEU CUA TIN HiEU FSK:

B =2(Af + fb)

9/12/2010
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BFSK - MODULATION INDEX
1 fo

fa — —
fa- THE REPETITION RATE > T
2Af fm — fs
IB — — SEPERATION IN
fo fo MARK AND SPACE
FREQUENCIES
fm — f
¢ ﬂ — 19 - f : — 1 — fm — fs — fb <
b
fm — f f
Qﬂ:.s; m S:.SZ> fm—fs:—b‘
fo 9
fm — f :
° = 2; " S:Q:fm_fszsz
9/12/2010 fb 26



FREQUENCY SHIFT KEYING (FSK, BFSK)

« HE SO PiEU CHE: .y
Af . 2 S . ‘fm o fs‘
f f,  f

« WIDE-BAND FSK: 2

fm— fs > fTo

« NARROW-BAND FSK:

fm — fs < fo

9/12/2010
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FSK EXAMPLE

CHO TiN HiEU FSK VOI MARK FREQUENCY LA 51 kHz, SPACE
FREQUENCY LA 49 kHz, VA TOC PQ BIT NGO VAO LA 2 Kbps:

«DQ LECH TAN PINH

Af — fm — s Af_51kHz—49kst

9 2

« BANG THONG TOI THIEU

B =2(Af + fo) B =2(1kHz +2kHz) = 6 kHz

= 1kHz

« TOC PQ BAUD
WITH BFSK, THE BIT RATE EQUALS THE BAUD RATE

BAUD RATE =2 kbps

9/12/2010 28



NONCOHERENT FSK RECEIVER

KHONG CO TAN SO PUQC THEM VAO TRONG QUA TRINH GIAI PIEU CHE
PE PONG BQ CA VE PHA, TAN SO HAY CA HAI VOI TiN HIEU VAO FSK

FSK input—

Analog mark or

space frequency

~n

Power
splitter

_..’...

Envelope
detector

9/12/2010

Envelope
detector

Rectified signal

y

dc

Data output

dc | 0

Comparator OR
1

29



COHERENT FSK RECEIVER

TIN HIEU VAO FSK PUQC NHAN VOI SONG MANG PUQC KHOI PHUC
CHINH XAC VE TAN SO VA PHA NHU CUA BQ TRUYEN

FSK input —

Power
splitter

Multiplier

Carrier
Multiplier

A

Carrier

LPF

LPF

[

i Data out
0

OR
1

HiEM KHI SU DUNG KY THUAT: LA KHONG THUC TE PE TAI TAO MQT CAI LOCAL
REFERENCE CO THE LIEN KET CA MARK AND SPACE FREQUENCIES

Z/ ic/ ViV

30



PLL-BASED FSK RECEIVER

controlled |[<+—
oscillator

FREQUENCY VARIES
BETWEEN MARK AND SPACE
FREQUENCIES
FOLLOWS THE FREQUENCY
SHIFT

o ] -

: :
Analog | dc error .
FSKin 1 Phase de voltage ¥ | Binary

! comparator Amp " data out

! ' Analog
AV B B A

| I

| I

I

i \ 0

| |

l Voltage E

| |

| |

| |

| ]

] I

- |

9/12/2010
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CONTINUOUS -PHASE (CP-FSK)

+ CP-FSK IS BFSK VOI MARK AND SPACE
FREQUENCIES PUQC PONG BQ TOC PQ BIT NHI

PHAN NGO VAO

. fm, fs PUQC CHON SAO CHO CHUNG
PHAN BIET VOI TAN SO TRUNG TAM BANG
SO LE LAN CUA % TOC PO BIT

fm= Nm

2

_E_

fs= ns

_E_

2

‘nmodd : nsodd

knm Z Ns

» PIEU NAY BAO PAM SU' CHUYEN PHA SUON SE O
TIN HIEU NGO RA KHI THAY POI GIUA 2

TAN SO

9/12/2010
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NON-CONTINUOUS FSK WAVEFORM EXAMPLE

Phase discontinuities

! \

9/12/2010

33



CONTINUOUS-PHASE FSK WAVEFORM EXAMPLE

Mark frequency, fm

: Space frequency, fg
: 2 1/2 cycles of 3500 Hz

1 1/2 cycles of 1500 Hz

| Ims
i 1 1
—— 1ms L 1ms -
| : :
' | i
fy, = 1 kbps E Logic 1 Logic 0 !
: 1 l
| ! Smooth :
: ! continuous :
| i transition !

| |

o /\/\/U\/
: i
| 1
| |
{
1
|
.

i
1
|
I
{
|
|
i
L]

f =P fp/2 = 3 (1000/2) = 3500 Hz  f4 = 3 fp/2 = 3 (1000/2) = 1500 Hz
SELECT Nm =7 SELECT s =3

9/12/2010



CONTINUOUS-PHASE FSK WAVEFORM

IN THE CP-FSK EXAMPLE:

fo = 1000 Hz;nm=7:ns =3

“ Nm—Ns =4

and

fm = 3500 Hz: fs = 1500 Hz

fm— fs=2000 Hz =21 (S =2)
fm— fs 2000

Af = = = 1000 Hz
2 2

fosc = fm— Af = s+ Af =2500 Hz

9/12/2010
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CONTINUOUS FSK - (CP-FSK)

fo =1000 Hz
2 At
At Af
1000Hz  § 1000 Hz
fs = To— A fe fm = fc + At

Ns =33 1500 Hz 2500 Hz Nm =7; 3500 Hz
LOGICALO A, _ fm — Ts LOGICAL 1
(SPACE) o (MARK)

9/12/2010 36



MINIMUM CP-FSK - MSK

PHAN BIET TOI THIEU CUA MARK AND SPACE

FREQUENCIES XAY RA KHI Nm = Ns+ 2

fo fo
fm = (nNs+ 2 —; fs = ns—
( ) > >

fm— fs=2£= fb
2

HE SO PIEU CHE LA 1 VA CHUNG TA GQI MSK NAY

fm — fs = fo 3,621

9/12/2010



fb = 1 kbps

MSK

CONTINUOUS-PHASE MSK WAVEFORM

|
_ fo = —— =1kHz
| tb = 1mSs ms

e 1ms >l T1ms

i)

1 i
| i
!

' :
E Logic 1 | Logic 0 ;
: 1 |
: ! Smooth :
: : continuous :
i i transition I
f\/\/U\j
| i ]
I 1 [
1 | ]
I I :
: Mark frequency, fm : Space frequency, fg |
: 2 1/2 cycles of 2500 Hz ; 1 1/2 cycles of 1500 Hz :

fm = 5 fp/2 = 5 (1000/2) = 2500 Hz fg = 3 fp/2 = 3 (1000/2) = 1500 Hz
SELECT n=5 SELECTn=3
9/12/2010
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Table 1. Bell 103 and CCITT V.21

Frequency Characteristics

Originate Mode Answer Mode
Data Transmit Receive | Transmit Receive
Bell 103 (MC145443B)
Space 1070 Hz 2025 Hz 2025 Hz 1070 Hz
Mark 1270 Hz 2225 Hz 2225 Hz 1270 Hz
CCITT v.21 (MC145442B)
Space 1180 Hz 1850 Hz 1850 Hz 1180 Hz
Mark 980 Hz 1650 Hz 1650 Hz 980 Hz

MNOTE: Actual frequencies may be +5 Hz assuming 3.579545 MHz

crystal is used.

9/12/2010
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PHASE SHIFT KEYING (PSK, BPSK)

- CUNG PUQC GOI LA PHASE REVERSAL KEYING (PRK)
VA BIPHASE MODULATION

« BPSK THI TUONG TU NHU PM (BIEN PQ VA TAN SO
KHONG POI) NGOAI TRU TIN HiEU PiEU CHE LA NHI
PHAN (PHAN BIiET GiUA 2 MUC RIENG BiET)

e VOI BPSK 2 PHA NGO RA CO THE TAO BOI 1 TAN SO

SONG MANG. PHA CUA TiIN HiEU SONG MANG NGO
RA LECH NHAU 180° PE BiEU DiEN MUC LOGIC 0 VA 1

 BPSK LA 1 DANG CUA DSB-SC

9/12/2010 41



BPSK TRANSMITTER
PHASE REVERSING SWITCH

iy UNIPOLAR ,EIPOLAR (PRODUCT MODULATOR)
0 — > —V " /
tb
Binary Level
data ASRUBEHET Balanced Bar!dpass Modulated
h (UP to BP) modulator \ filter PSK output
N, T sin(o) CARRIER IS EITHER
LOGICAL0, | IN PHASE (‘1’ INPUT)
LOGICAL 1 Buffer OR 180 degrees OUT OF
INPUT PHASE (0’ INPUT)
rb T sin(w,t)
OUTPUT RATE OF Reference
CHANGE (BAUD) = carrier |< CARRIER FREQUENCY
INPUT RATE OF CHANGE oscillator

(bps). SYMBOL = BIT

9/12/2010
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BPSK BALANCED RING MODULATOR

T % T2

i ot “m’:“ Modulated PSK
| output
v input D4

D2

L

Binary data in
DIGITAL VOLTAGE INPUT >>> PEAK CARRIER VOLTAGE
IN ORDER TO CONTROL D1-D4 DIODE STATES

9/12/2010 43



BPSK BALANCED RING MODULATOR
LOGICAL 1 INPUT

T D1 (on) T2
ALRIE D3 and D4 +|* 9+
. f\} (o f\l
SIm det 5N et
—mmelie 10 S —
Carrier y ‘ Carriar o
input i - - = output
02 {on) OUTPUT
SIGNAL IS IN
\ | PHASE
+V (Binary 1)

(k)

9/12/2010 44



BPSK BALANCED RING MODULATOR
LOGICAL 0 INPUT

D1 (off)

sin gt =5 (et
—_— 180° 2
Carrier Carriar
input - + output
OUTPUT
SIGNAL IS
- 180 degrees OUT
OF PHASE

=V {Binary 0]
el

9/12/2010



BPSK BALANCED RING MODULATOR

Binary input | Output phase
Logic 0 180°
Logic 1 0°
TRUTH TABLE
+180° @ ------
Logic 0

CONSTELLATION DIAGRAM

(SIGNAL STATE-SPACE DIAGRAM) ~*%%

9/12/2010

ONLY THE RELATIVE PEAKS
OF THE PHASORS ARE SHOWN

(+90°)
COS O
|
:
-sin wgt : sin wet
(180°) ! (0°)
Logic 0 ! Logic 1
i + P
|
1
i
|
|
]
?
-CO0S Ot
(-90°)
PHASOR DIAGRAM
€os gt
|
I
1
]
I
1
:
e K @ 0° Reference
1
! Logic 1
|
1
1
|
L}
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BPSK GENERATION
Vpsk (t) = Vim(t) [sin( 2 7fct) ]

fc = REFERENCE CARRIER FREQUENCY

Vm (t) — INPUT BINARY SIGNAL

NORMALIZED

1V =
INPUT SIGNAL Vm(t) — J + T
(UNIPOLAR TO 1V =]
BIPOLAR SIGNAL) \ ‘

Vpsk(t) =<

9/12/2010

—sinaxt;logical

oglcal 1

ogical 0

+sinaxt ; logical 1input IN PHASE

0 input ouT oF
PHASE

47



BPSK MODULATOR OUTPUT SIGNAL

Time
Time
rees

———————————— —— i ——— ———

"

- —

- ———

48
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BANDWITH CONSIDERATION OF BPSK

Vpsk (t) = [sin( 27f t) | [sin( 2f,1)]

fc = REFERENCE CARRIER FREQUENCY
1 f

f o= _ __b _REPETITION RATE (FUNDAMENTAL
Tt 7~ FREQUENCY OF BINARY INPUT)
b IT IS 1/2 THE BIT RATE

(sin X )(sinY') = %COS(X -Y) —%COS(X +Y)
Vpsk(t) :%005[272( f.—f, )t]—% cog27z(f, + f )t

LOWER SIDE FREQUENCY UPPER SIDE FREQUENCY

9/12/2010 49



BANDWITH CONSIDERATION OF BPSK

B

LSB i USB
f — '—fll- é f — -—fll-
a 2 a 2

f.— T, f f.+ f,
LSF USF
DSB-SC MODULATION
B=2f =2 LY
2

9/12/2010 50



EXAMPLE

FOR A BPSK MODULATOR WITH A CARRIER
FREQUENCY OF 70 MHz AND AN INPUT BIT RATE OF
10 Mbps, DETERMINE a) THE LSF b) USF ¢) B d) BAUD RATE

f.=70 MHz f =10 MHz

f=to g ot

2
|_f :10 MHz _ 5 MH>

’ 2
LSF = f_— f. =70 —5=65 MHz
USF = f_+ f, =70 +5 =75 MHz
B = f, =10 MHz

9/12/2010 51



EXAMPLE

10 MHz

LSB

USB

SMHz | 5 MHz

65 MHz

LSF

70 MHz

75 MHz

USF

BAUD RATE =BIT RATE =10 MEGABAUD

9/12/2010
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INPUT BPSK PRODUCT
SIGNAL MODUIATOR
— sin(wgt) '
BPSK BPF »| Balanced
input modulator
A
2sin(mgt)
Y
Coherent
carrier
recovery
FREQUENCY AND PHASE

SYNCHRONIZED TO ORIGINAL

BPSK RECEIVER

LPF

TRANSMIT CARRIER

9/12/2010

Level
converter

Clock
recovery

SYNCHRONIZED TO
BIT RATE

uP
Binary
data
output

+V

I



LOGICAL 1: Vm(1l) = + sin wct

BPSK DETECTION

Vmod (1) = 2Vm(t)(sIn @ct)

V mod (1) = 2(sin @ct)(sin @ct) = 2 sin > wct

V mod(t) — 2

Vv mod(t) — 1

11

2 2

|

coS 2.t

—.COS ZCOCR

BLOCKED BY LPF

sin” X =l—lCOS2X
2 2

Vout (t) =1V LOGICAL 1:

9/12/2010
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BPSK DETECTION

V mod(t) = 2Vm(t)(Sin C()Ct)
LOGICAL 0: Vm(l) = —sin @l
V mod (1) = 2(—sin @ct)(sin @ct) = =2 sin > w«t

V mod(t) — —2

Vmod(t) — —1

I 1
cOS 2@ct [sin® X =l—10082x

2 9 2 2

COS chﬁ

|

BLOCKED BY LPF

Vout (t) = —1V  LOGICAL 0

9/12/2010
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M-ARY ENCODING

M LA MQT SO THAP PHAN BiEU DiEN SO LUQNG
KET HQP CO THE CHO 1 SO BIT NHI PHAN CHO
TRUOC (N)

- PikU CHE SO BFSK VA BPSK MA HOA 1 BIT PON
VA CO THE CO 2 CACH KET HQP O NGO
(N=1,0 AND 1 INPUTS)

- EXAMPLE: HE THONG PSK VOI 4 PHA NGO RA LA
HE THONG M-ARY VOI M = 4

« BINARY LA M-ARY VOIM =2

. BPSK: M=2,N=1

9/12/2010
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M-ARY ENCODING: M & N RELATIONSHIP

TONG QUAT
N
M =2
N =log, M
VOI BFSK/BPSK, 1 BIT PUQC MA HOA:
N=1

EXAMPLE: M=2

NEU NGO VAO BAO GOM 2 BIT, PUQC MA HOA VOI

NHAU VA SAU PO PUQC PiEU CHE CUNG 1 SONG
MANG, THI: N=2,M =4

9/12/2010
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MINIMUM M-ARY REQUIRED BANDWITH

__ o _h
log,M N

B

N LA SO LUQNG BIT NRZ MA HOA

9/12/2010
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QUATERNARY PHASE SHIFT KEYING (QPSK)

CUNG PUQC GOI LA QUADRATURE PSK
MOT DANG KHAC CUA PM
QPSK LA 1 KY THUAT MA HOA M-ARY VOI M =4

VOI QPSK, 4 PHA NGO RA PUQC THUC HiEN VOI
1 SONG MANG

N =2 (2 BITS) VI:

N=Ilog,M = 2=log,4

9/12/2010
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QUATERNARY PHASE SHIFT KEYING (QPSK)
« DU LiEU NHI PHAN NGO VAO PUQC KET HQP
THANH NHOM 2 BIT GOI LA DIBITS

« DIBIT CODE: 00 =PHASE 1, 01 = PHASE 2,
10 = PHASE 3, 11 = PHASE 4

« 1SYMBOL =1 PHASE =2 BITS

SN

BAUD RATE =1/2 BIT RATE
(SYMBOLS PER SEC) (BITS PER SEC)

9/12/2010
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QPSK MODULATOR

. f PRODUCT MODULATOR TWO
B |t Rate: b I channel f/2 Balanced | tsinot
LOQEC 1=+1V ™| modulator l OUTPUT
DIBITS RogefisElN i PHASES
: . \ Bandpass
B'“;ga'?f”t rSffl)RIAL IN-PHASE ;in ot filter
PARALLEL| | Folormes |/ !
oscillator QPSK
-1 I | (sin wgt) Sl
Bit Linear BPE
splitter k summer = e
e
I _OUT-QF
J PHASﬁ 90° phase
\ shift
Bit B Bandpass
1 N
clock > cOS Wt filter
Log!c 1=+1V Y T TWO
Logic0=-1V .| Balanced OUTPUT

channel fy/2 modulator | 4cos gt +———

B It Ra'te_ 2 PRODUCT MODULATOR PHASES
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QPSK GENERATION: 1 CHANNEL OUTPUT PHASES
V gpsk (t) = Vm (t) [sin( Zﬂfct)]
fC = REFERENCE CARRIER FREQUENCY

Vm (t) — INPUT BINARY SIGNAL

NORMALIZED : .
INPUT SIGNAL ;) +1V =logical 1
(UNIPOLAR TO IV o

BIPOLAR SIGNAL) —1V =logical 0

+sinaxt ; logical 1input INPHASE
qusk(t) =<

—sinaxt;logical 0 Input out OF
PHASE
9/12/2010 62



QPSK GENERATION: Q CHANNEL OUTPUT PHASES

V gpsk (t) = Vm(t) [COS( Zﬂfct)]
fC = REFERENCE CARRIER FREQUENCY

Vm (t) — INPUT BINARY SIGNAL

NORMALIZED : .
INPUT SIGNAL ;) +1V =logical 1
(UNIPOLAR TO IV o

BIPOLAR SIGNAL) —1V =logical 0

+cosaxt ; logical 1input IN PHASE
qusk(t) =<

—cosaxt;logical 0 Input out oF

PHASE
9/12/2010 63



QPSK GENERATION: OUTPUT PHASES

DIBIT
CODE Q CHANNEL ICHANNEL SUMMEROUTPUT

00 —cos@aft) —sin@aAddt) —cos@afct)—sin@afct)
01 —cos(27fct) +sin(27xfct) —cosQct)+sinQAt)
10  +cos(2afct) —sin(2xfct) +cos@rAct)—sin2Act)

11 + COS(27Z'fct) + Sln(272'fct) -I-COS(27foct)-|—SiIl(27ffct)

9/12/2010 64



QPSK GENERATION: OUTPUT PHASES
DIBIT CODE

00 — COS(zﬂfct) — sm(27zfct) = \/5 sin(272fct —1 350)
PROOF: . . .
sin(X —Y)=sm X cosY —cos X sinY
J2 sinAt —135) =
J2 sin(27fct) cos(135) — J2 cos(2zfct)sin(135) =

V2 V2

——=sin(27fct) ——=cos(2rfct) =

V2 V2

—sin(2xfct) — cos(2fct)

9/12/2010 65
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QPSK GENERATION: OUTPUT PHASES
DIBIT CODE

01 —cos2ddt)+sin(2dt) =2 sin(2ft —45%)
PROOF: . . .
sin(X —Y)=sm X cosY —cos X sinY
A
«/Esm(Zﬂfct —45") =
V2 sin(27fct) cos(45) — J2 cos(27fct)sin(45) =

V2 V2

—sin(2afct) ——=cos2afct) =

V2 V2

sin(274ct) — cos(27dct) [0 1 —> 45 degrees|
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QPSK GENERATION: OUTPUT PHASES
DIBIT CODE

10 cos(2rfct) —sin(2t) = /2 sin(2Aft +135°)
PROOF:

sin(X +Y)=sin X cosY +cosX sinY
J2 sin(Afet + 145°) =
V2 sin(27ft) cos(135) ++/2 cos(2afet) sin(135) =
V2 V2

———=sin(2xfct) + —=cos(2xfct) =

V2 V2

—sin(27fct) + cos(2fct)

9/12/2010 67
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QPSK GENERATION: OUTPUT PHASES
DIBIT CODE

11 cos(2zfct) +sin(2fct) = J2 sin(27fct +45°)
PROOF:

sin(X +Y)=sin X cosY +cosX sinY
V2 sin(27’zﬁ +£5°) =
V2 sin(27f¢t) cos(45) ++/2 cos(2ft) sin(45) =
V2 V2

+—=sin(2xfct) + —=cos(2fct) =

V2 V2

+ Sin(zﬂfct) + COS(Z;zfct) ‘ 1 1 ==> +45 degrees ‘
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QPSK GENERATION: OUTPUT PHASES

Binary QPSK

input output

Q 1 phase

0 0 -135°

0 1 -45°

1 0 +135°

1 1 +45°

(a)
Q I Q I
cos mgt — 8in mgt cos act + 8in wt

1 0 1 1
: . .
sin (et + 135°) sin (et + 45°) 10 COS Wt n
@ : @
|
l
sin gt |
-sin ot | (0° referance) i
|
-sln ot —---------~ s sin wgt
|
i
Q I Q 1 !
-cos it - Sin ot —CO8 mypt —cos gt + 8in gt }
0 0 0 1 ° i °
sin (wgt — 135°) sin {wgt - 45°) 00 —COoS gt 01

(b} {c)

9/12/2010



QPSK GENERATION: OUTPUT PHASES

Dibit Q 1 Q 1 Q 1 Q 1
input | 1 0 | 0 1 l 1 1 I 0 0 :
: ' ' : :
QPSK [ i
output : > Time
phase | | |
| | | | |
| | | | 1
: +135° ; -45° : +45° : -135° ' Degrees

OUTPUT PHASE VERSUS TIME FOR QPSK MODULATOR
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QPSK GENERATION: OUTPUT PHASES

VOI QPSK, MOT TRONG 4 KHA NANG NGO RA
PHASORS CO CUNG BIEN PO.

VI THE, THONG TIN NHI PHAN PHAI PUQC MA HOA
HOAN TOAN TRONG PHA CUA TiN HiEU NGO RA
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QPSK GENERATION

SERIAL Q
tb tb tb tb
PARALLEL
Ior Q
1
BIT RATE BEFORE SPLITTER = _ = fb
(SERIAL) to :
1 b
REPETITION RATE BEFORE SPLITTER = — = —
(SERIAL) 21tb 2
1 fo
BIT RATE AFTER SPLITTER = - =
(PARALLEL) o) )
1 fo

REPETITION RATE AFTER SPLITTER fr — =
oridjato s ML) 4t 4



BANDWITH CONSIDERATION OF QPSK

Vapsk (1) = [sin( 2zfct) |[sin( 2 7f:t) ]

fc = REFERENCE CARRIER FREQUENCY

fo— o REPETITION RATE (FUNDAMENTAL
r = 4 FREQUENCY OF I or Q CHANNEL BITS)
IT IS 1/4 THE BIT RATE

(sin X )(sinY') = %COS(X -Y) —%COS(X +Y)
Vpsk(t) = % COS[27Z'( fc— fr)t] —% COS[27Z'( fc+ fr)t]

LOWER SIDE FREQUENCY UPPER SIDE FREQUENCY
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BANDWITH CONSIDERATION OF BPSK

B
LSB USB
.. (oo
4 : 4
fe — fr fe fe + fr
LSF USF

DSB-SC MODULATION

B=2fi=2 2D
4 2

9/12/2010

74



EXAMPLE

VOI BQ BiEU CHE QPSK VOI TAN SO SONG MANG
LA 70 MHz VA TOC PQ BIT NGO VAO LA 10 Mbps,
XAC PINH a) THE LSF b) USF ¢) B d) BAUD RATE

fe =70 MHz fbo =10 MHz

fr—E' fb—4fr

A
L4, = 10 MHz _ 2.5 MHz

LSE = fo— =70 - 2.5 = 67.5 MHz
USF f: fc-l- fr= TO+2.5=72.5 MHz
B =?b=5 MH?z
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EXAMPLE

5 MHz

LSB

USB

2.5 MHz

2.5 MHz

67.5 MHz

LSF

70 MHz

72.5 MHz

USF

BAUD RATE =1/2 BIT RATE =5 MEGABAUD

9/12/2010
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QPSK RECEIVER

PRODUCT MODULATOR
INPUT QPSK
IChannel (8in wet) (-sin wet + cos mgt) -1/2 V (logic 0)
SIGNAL g roduct »| LPF
_‘in lilci + COS8 %t atector
4
—=8in wet + cos Wt sin wet
Input =—_— Carrier
QPSK —>1 BPF | spiitter - r{:?:ver}' - —_—
signal in mgt st
[ data
+90°
st Clock
recovery
-sin wet + COS gt Product
> detector - = LPF ;
Q channel {cos wet) (-sin ogt + cos wgt) +1/2 V {logic 1)
PRODUCT MODULATOR

9/12/2010
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QPSK DETECTION
| = 2vm(1)(sin @ct)
LOGICAL 0: Vm(t) = +cos@rfct) —sin@2rfct)

| = 2[cos wct — sin @t ](sin wct)

| = 2[(:05 wctsin @ct — sin * a)ct]
| =—(1—cos2axt) +sin(ax + @)t + sin(we — ax)t
I :7+0052a)ct+sin2wct

|

BLOCKED BY LPF

LOGICAL 0
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QPSK DETECTION

Q = 2vm(t)(cos wct)
LOGICAL 1: Vm(t) = +cos@rfct) —sin@2rft)

Q = 2[cos wct —sin wct |(cos wct)

Q = 2[cos *@ct — sin ot cos a)ct]
Q =(1+cos2axt) —sin(ax + ax)t —sin(ax — ax)t

Q =14 cos2act —sin 2axt

/ ‘ BLOCKED BY LPF ‘

LOGICAL 1
9/12/2010 79
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EIGHT PHASE SHIFT KEYING (8-PSK)

« DANG MA M-ARY VOIM=8,N =3

« 8 PHA NGO RA CO THE CO

« DU LiEU NGO VAO NHI PHAN KET HQOP THANH
NHOM 3 BIT (N = 3) GOI LA TRIBITS

 TRIBIT CODE: 000 =PHASE 1, 001 = PHASE 2, 010 = PHASE 3
011 = PHASE 4, 100 = PHASE 5, 101 = PHASE 6
110 =PHASE 7,111 = PHASE 8

« 1SYMBOL =1 PHASE =3 BITS

O N

BAUD RATE = 1/3 BIT RATE
(SYMBOLS PER SEC) (BITS PER SEQ)
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3-PSK MODULATOR

PULSE AMPLITUDE MODULATED
. SIGNAL (4 LEVELS
2-input DA(/ ( )
M

BIT SPLITTER 1channel [ 50 41evel | PAM [ proguct

(SERI AL TO " | converter ™1 modulator |
PARALLEL) fy,/3 A b ) Bandpass
\—\ \ C sin ml'.:t filter
Input _| ali1lc ) fb/3 Reference Linear | Bandpass 8-PSK
data f}, k oscillator summer filter output
15/}‘ i T
— Bandpass
bR c § Co8itt filter
| 2-to-4-level PAM Product |
Q channel " | converter modulator
fo 2-input DAC

PULSE AMPLITUDE MODULATED
3 SIGNAL (4 LEVELS)

9/12/2010
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I CHANNEL
TRUTH TABLE
I c Output
0 0 -0.541V
0 1 -1.307 V
1 0 +0.541V
1 1 +1.307 V

3-PSK MODULATOR

Q CHANNEL
TRUTH TABLE
Q C Output
0 1 -1.307 V
0 0 -0.541V
1 1 +1.307 V
1 0 +0.541V

PAM SIGNAL
(4 LEVELS)

-0541V

-1.307 V

I, Q DETERMINE POLARITY;0=-,1=+

+1.307 V

+0.541V

- C , EDETERMINE THE LEVEL; 1 =1.307v, 0 =0.541v

« 2 LEVELS + 2 POLARITIES GIVE 4 CONDITIONS

9/12/2010
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8-PSK GENERATION: TRIBIT =000

I Channeal

2-to-4-level

" | converter

PAM

P

-

-

Olc

0.541v }

Product
modulator

1

fn/3

Reference
oscillator

1}2 1.307v |

+90°

sin wgt

€os Wt

Bandpass
filter

l

Linear
summer

[

Bandpass
filter

!

Bandpass
filter

0
/3
000
|
oot a1 <
fn/3
Q channel g

9/12/2010

2-to-4-level
converter

PAM

-
-

Product
modulator

-

—0.541sinQ2Af)

8-PSK
output

—1.307 cos(2afct)

NOTE: BECAUSE (C C NOT THE SAME, I-CHANNEL
PAM WILL NEVER EQUAL Q-CHANNEL PAM
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8-PSK GENERATION: OUTPUT PHASES

TRIBIT CODE: 000

—0.541 sm(axt) —1.307 cos(axt) =1.41simn(axt —112.57)

PROOF: gin(X —Y)=sm X cosY —cosX sinY

1 41sin2Aft —112.5") =

1.41sin(274ct) cos(112.5) -1

|.41cos(2afct)sin(112.5) =

1.41(—.383)sin(2xfct) —1.4-

(.924) cos(2Afct) =

—0.541sin(27fct) —1.307 cos(2f<t)

9/12/2010

‘0 00 ==> -112.5 degrees
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8-PSK GENERATION: OUTPUT PHASES

—0.541 sin oot + 1.307 cos ot - +0.541 sin ot + 1.307 cos wt
Q 1 cC H c
1 o o s ]

TRIBIT CODE BETWEEN i
ADJACENT PHASES —1.307 sin wct + 0.541 cos et i +1.307 sin wct + 0.541 cOs @t
FOLLOWS THE A
GRAYCODE —sinogt |-—-——————————— F————== : —————— A————————————— | sin gt
(RESULTS IN ONLY :
A SINGLE BIT ERROR -1.s07 sin ot~ 0.541 cos e

FOR UNDESIRED PHASE o o 1
SHIFTS) —0.541 sin wct — 1.307 cos met

+1.307 sin w:t — 0.5417 cos wct

Q I [
o 1 1

+0.5417 sin et — 1.307 cos wct

Q I C -+ Q I C
o o (o] —COS wct (4] 1 o
Binary
8-PSK
input output (=)
Q 1 C phase
o o o —112.5° COS gt
o o 1 —-157.5° - ' -
o 1 0 —67.5° 100 110
o 1 1 —22.5°
1 O O +112.5°
1T 0 1 +157.5°
1 1 O +87.5°
1T 1 1 +22.5°
- 1 -
(a) 101 111
-sinw;t - ——————F——————— - ———— ——— — ———— ————————— sin wgt
1
- ! -
001 1 011
i
- H -
000 —cOos mct 010

(c)

9/12/2010
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8-PSK GENERATION: OUTPUT PHASES

» VOI QPSK: 4 PHA NGO RA (+45, +135, -45, -135)
PHAN BIiET GiUA CAC PHASOR LiEN KE LA
360/4 = 90 degrees.

« VOI 8-PSK: 8 PHA NGO RA. PHAN BIiET GiUA CAC
PHA LA 360/8 = 45 degrees. MOT TIN HiEU 8-PSK CO THE
CHIU SU DICH PHA +/- 22.5 degrees TRONG QUA TRINH
TRUYEN VA VAN GiU TINH TOAN VEN.
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8-PSK GENERATION: OUTPUT PHASES

« VOI 8-PSK, MOI PHASOR CO BIEN PQ BANG NHAU
(1.41v)

« THONG TIN MA TRIBIT CHI PUQC CHUA TRONG
PHA CUA TIN HiEU

9/12/2010
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8-PSK GENERATION: OUTPUT PHASES

Tribit
input
8-PSK
output
phase

OUTPUT PHASE VERSUS TIME FOR 8-PSK MODULATOR

9/12/2010 89



BANDWITH CONSIDERATION OF 8-PSK

| C
SERIAL Q
tb tb tb tb
PARALLEL
TorQorC ‘
|
BIT RATE BEFORE SPLITTER= — = fy
(SERIAL) th f
1 b
REPETITION RATE BEFORE SPLITTER fr e —
(SERIAL) 2te 2
1 fo
BIT RATE AFTER SPLITTER = - =
(PARALLEL) 31h 3
| fo

REPETITION RATE AFTER SPLITTER fr — = —
oridjato s MHLEL) 23)t 6



fo

BANDWITH CONSIDERATION OF 8-PSK

Ichannel 2to-4-level | PAM | Balanced Lp:m““""""‘*
converter modulator [~ $1.307V
M +0.541
Sin wet
Bit
Binary splitter fo/3
input — aljr|c
data f, C channel
To Q-channel
/3 1 2-10-4-lovel
convarter
Input
ey ] Highest
1 fundamantal
frequency

— C-channal
data /3

— I-channel
data f/3 l P

)
— Q-channal ! 1
data fi,/3

r
| i r - =

I-channel ! ! ! ! !
balanced 1 1
modulator A H - 4
output | ! ! ! !

+1.307 -0.541 +0.541 +1.307

8in et sin et sin et sin wet

9/12/2010

fr

e #1307 V 6

+0.541V

- -0541V
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8-PSK GENERATION: BAUD RATE

« VOI 8-PSK, CO 1 THAY POI PHA TAI NGO RA MOI 3

BIT VAO.
(A GROUP OF THREE BITS =1 PHASE =1 SYMBOL)

. . b
VI THE, THE BAUD RATE =1/3 BIT RATE= —
3
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BANDWITH CONSIDERATION OF 8-PSK

Vspsk (1) = [sin( 2zfct) || X sin( 27f:t) ]

fc = REFERENCE CARRIER FREQUENCY
X =+/-1.307 OR +/- 0.541

fb  REPETITION RATE (FUNDAMENTAL
fr = —  FREQUENCY OF I or Q or C CHANNEL BITS)
IT IS 1/6 THE BIT RATE

(sin X )(sinY) = %COS(X —Y)—%COS(X +Y)

Vpsk(t) = g COS[27Z'( fo— fr)t] —§ COS[27Z'( fc+ fr)t]

LOWER SIDE FREQUENCY UPPER SIDE FREQUENCY
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BANDWITH CONSIDERATION OF 8-PSK

B
LSB USB
fr — E fr — E
6 6
fe — fr fe fe + fr
LSF USF

DSB-SC MODULATION

g=2fi=2 2
6 3

9/12/2010
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EXAMPLE

VOI BQ BiEU CHE CO TAN SO SONG MANG LA 70 MHz
VA TOC PO BIT NGO VAO LA 10 Mbps,
XAC PINH a) THE LSF b) USF ¢) B d) BAUD RATE

fe =70 MHz fbo =10 MHz

frIE; fo =6 fr

6
L4, _ 10 MHz _1.667 MHz

LSF = fc— fr =70 —-1.667 = 68.333 MHz

USF = fc+ fr =70 +1.667 = 71.667 MHz

B :E:3.33 MHz

3

9/12/2010 95




EXAMPLE

3.33 MHz

LSB i USB

1.667 MHz : 1.667 MHz

68.333 MHz 70 MHz 71.667 MHz

LSF USF

BAUD RATE =1/3 BIT RATE =3.33 MEGABAUD
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8-PSK RECEIVER

I
Ichannel Product | #'evel PAM Andalog-ro-
- - igita c
SN converter
A
sin mgt Y !
8-PSK
mpm_... Bandpass | _ | Power Carrier : alc
filter splitter recovery alilc .
data bits
Parallel-to-serial
90° converter
A A A r
cOS 0t Sk
[ c recovery
Q channel Product 4-level PAM | Analog-to-
- =1 digital Q
Setecior converter
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SIXTEEN PHASE SHIFT KEYING (16-PSK)

DANG MA HOA M-ARY VOI M =16, N = 4

16 PHA TIN HiEU NGO RA

DU LiEU NHI PHAN NGO VAO PUQC NHOM THANH
NHOM 4 BIT (N = 4) GOI LA QUADBITS

QUADBIT CODE: 0000=PHASE 1 ........... 1111 = PHASE 16,

1 SYMBOL =1 PHASE =4 BITS

\

BAUD RATE = 1/4 BIT RATE
(SYMBOLS PER SEC) (BITS PER SEQ)

» VOI 16-PSK, CAC GOC PHA PUQC PHAN BiET LA
360/16 = 22.5 degrees. PE CO THE GiU TOAN VEN,
DICH PHA max = +/- 11.25 degrees
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16-PSK GENERATION: OUTPUT PHASES

Bit code Phase Bit code Phase
0000 11.26° 1000 191.25°
0001 33.75° 1001 213.75°
0010 56.25° 1010 236.25°
0011 78.75° 1011 258.75°
0100 101.25° 1100 281.25°
0101 123.75° 1101 303.75°
0110 146.25° 1110 326.25°
0111 168.75° 1111 348.75°

(a)

9/12/2010

0111 @
SN0t -—————r———m=mm—r
1000 o

1001 @
1010 @

1011 @ ® 1100
-cos agt

—— e e ——— =

(b)
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Digital Communications
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QAM
QUADRATURE

QAM AMPLITUDE @AM

MODULATION
QAM
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QUADRATURE AMPLITUDE MODULATION(QAM)

QAM la dang diéu ché so ma thong tin dwec chira
ca trong bién do va pha cua sOng mang dugc
truyeén.
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EIGHT QAM (8-QAM)

 Dang ma hoa M-ary voi M = 8 (symbols), N = 3 (bits)

e C6 4 pha ngé ra véi 2 bién d9 (khong giong 8-PSK, 8 pha véi
cung bién dog)

 Duw li€éu nhi phan ngo vao dwgc nhom thanh group 3 bit goi la
TRIBITS

e TRIBIT code: 000 =PHASE 1 & AMPLITUDE 1
001 = PHASE 1 & AMPLITUDE 2
010 = PHASE 2 & AMPLITUDE 1
011 = PHASE 2 & AMPLITUDE 2
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EIGHT QAM (8-QAM)

1 SYMBOL =1 PHASE =3 BITS

BAUD RATE =1/3 BIT RATE
(Symbols /sec) (bits/sec)
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EIGHT QAM (8-QAM) MODULATOR

* I,QXACPINHDAU;0=-,1=+
+ C XAC DPINH BIEN PQ (BIEN PQ CUA

I CHANNEL PAM = BIEN PO CUA Q CHANNEL PAM)

I channel PAM
2-to-4-level Product
converter modulatar
fb A A
3
fp sin mgt
Bit 3 Y
; splitter > " Bond
nput = eference inear andpass 8-QAM
data f, =1Q|I]|C c oscillator ' summer filter output
A
+90°
fo
3 Y ﬁ' cos gt
PAM
- 2-to-4-l:vel Prgdlluct:t
Q channel | converter modulator

(a)

NO INVERTER AS IN 8-PSK

9/12/2010



EIGHT QAM (8-QAM)




8-QAM generation: TRIBIT =000

—0.541sIn(27:t)

I channel PAM
2-to-4-level i Product
O converter modulatar
fo to- 0.541v |
3
\ fp sin gt

000 [ ) ’ !

Input = Reference Linear Bandpass 8-QAM
data f, =1ajrjc oscillator summer filter output

( I
+90°
: 0 0.541
< O Y - ® \% y COs ¢t
- 2-to-4-level PAM Product
Q channel converter modulator

1o @ —0.541cos(2rf:t)

3 Magnitude of I channel PAM = Magnitude of Q channel
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8-QAM generation: Output phases
TRIBIT code: 000

—0.541 sin(a-t) —0.541 cos(wct) =0.765 sin(art —135%)
Proof:  SIN(X'—Y)=sInXcosY—cosXsInY
O.7653in(2% —{35°) =

0.765sIn(27f:t) cos(135) —0.765c0s(27f:t) SIN(135) =
0.765(—.707)sIn(2xf:t) —0.765(.707) cos(2xf:t) =
—0.541sIn(27f:t) —0.541cos(2xft)

0 00 ==> -135 degrees
0.765 V
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8-QAM generation: Ouput phases

Binary
input 8-0AM output
a 1 c Amplitude Phasa
0o 0 0 0765V -135°
o 0 1 1.848V -135*
0 i 0 0765V —45*
0 1 1 1848V —45°
1 0 0 0.765V +135*
1 0 1 1848V +135*
1 1 0 0.765V +45°
1 1 1 1.848Y +45°
(a)
101
111(1.848V) L
e (oLl 4 sin met
]
on 001

9/12/2010

COS ot

o

-cas @l

{c)

1
.
110
----------- sin gt
010
.
011
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8-QAM generation: Output phases

—
=
=)

ey
=

Q

o
c
i
D
L7]
o)

L
=8

o
o
po |
P~
a
E
@

11
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Bandwidth consideration of 8-QAM

I C
SERIAL Q
tb tb tb tb
PARALLEL
TorQorC
. . 1
Bit rate before splitter = — = f b
(SERIAL) ts
1 b
Repetition rate before splitter ﬁ = — = i
(SERIAL) 2ts 2
. , 1 fb
Bit rate after splitter = — =
(PARALLEL) 37 3

Repetition rate after spliier
(PARALLEL)
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3-QAM generation: BAUD RATE

e V6i8-QAM, c6 1 thay doi vé pha tai ngd ra ing véi 1 symbol
diwr li€éu ngo vao.
(A group of three bits =1 phase =1 Symbol)

\ < b
VI THE, THE BAUD RATE =1/3 BIT RATE = L
3

9/12/2010 13



BANDWITH CONSIDERATION OF 8-QAM

vepst (¢) = [sin( 27fet) | [ X sin( 2774 ]

fc = Reference carrier frequency
X =+/-1.307 OR +/- 0.541

b  REPETITION RATE (FUNDAMENTAL
fr = “— FREQUENCY OF I or Q or C CHANNEL BITS)
IT IS 1/6 THE BIT RATE

(sin X)(sinY) :%cos(X—Y)—%cos(X+Y)

X X
Vpsk(£) = = coq2z( fo— f,)t] - coq27z(f: + f,)t]
LOWER SIDE FREQUENCY UPPER SIDE FREQUENCY

9/12/2010 14



BANDWITH CONSIDERATION OF 8-QAM

B
LSB USB
_ S
Jr= ” fr ”
Je=Jr f: fe+ [
LSF USF

DSB-SC MODULATION

_ oot _ I
B=2fr=2:="

9/12/2010
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SIXTEEN QAM (16-QAM)

« DANG MA HOAS M-ARY VOIM =16, N =4

e 16 KHA NANG MAU NGO RA

« 8 PHA VOI CUNG BIEN PO
_F

« 4 PHASES VOI 2 BIEN PO MOI LoAI (4 x 2 =8)

16 OUTPUT SYMBOLS

« DU LiEU NHI PHAN NGO VAO PUQC KET HQP THANH
NHOM 4 BIT (N =4) GOI LA QUADBITS

9/12/2010
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SIXTEEN QAM (16-QAM)

1 SYMBOL =1 PHASE =4 BITS

BAUD RATE =1/4 BIT RATE

(SYMBOLS PER SEC)

9/12/2010

(BITS PER SEC)
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SIXTEEN QAM (16-QAM) MODULATOR

* I, Q DETERMINE POLARITY;0=-,1=+
e I’,Q’ DETERMINE MAGNITUDE

I
M. PAM
r 2-to-4-level »| Balance
»{ converter modulator
4
fo/4
1 sin wgt
L
Bi Bit splitter >
;:az‘; alal 1] r i;_rr?:rce o Linear »| Bandpass 16-QAM
P ; o summer filter output
data oscillator
fo/4 cos et
Q"
| 2-to-4-level . | Balance
Q | converter " | modulator
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SIXTEEN QAM (16-QAM)

TWO POLARITIES AND TWO MAGNITUDES ARE
POSSIBLE AT THE OUTPUT OF EACH 2-TO-4 LEVEL
CONVERTER

I I Output Q Q’ Output
_F
0 0 -0.22V 0 0 -0.22V
0 1 -0.821V 0 1 -0.821V
1 0 +0.22 V 1 0 +0.22V
1 1 +0.821V J 1 1 +0.821V
(a) (b)

FOUR OUTPUTS ARE POSSIBLE FOR EACH PRODUCT
MODULATOR.

9/12/2010



16-QAM GENERATION: QUADBIT = 0000

—0.22sin(27:t)

OI
r 2-to-4-level PAM »| Balance
O; converter modulator
71N -0.22v
b
()()()() sin wgt
Y
Binary il Reference
: 7 o Linear Bandpass | 16-QAM
e ==relaed & - summer [ " iter | outpr
90° A
-0.22v cos axt
2-to-4-level . | Balance
converter " | modulator
1o 0.22 cos(2rft)
4 MAGNITUDE OF MAGNITUDE

I CHANNEL PAM = OF Q CHANNEL PAM
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16-QAM GENERATION: OUTPUT PHASES

QUADBIT CODE: 0000

—0.22 sin(awt) —0.22 cos(wet) =
PROOF: SIN(X —Y)=sInXcos

L

0.765sIn(27xfct —135°) =

0.311sin(w.t —135°)
Y —cosXsIinY

0.311sin(2nf:t) cos(135) —0.311cos(27fct)SIn(135) =
0.311(—.707)sin(2rft) —0.311(.707) cos(27rfct) =

—0.22sin(27f:t) — 0.22 cos(2f:t)

0 000 ==> -135 degrees
0311V

9/12/2010
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16-QAM GENERATION: OUTPUT PHASES

Binary
in
I Pt — 16-0AM
Q o 1 T output 8 PHASES WITH
SAME AMPLITUDE

0 0 0 0 03NV -135°

0 0 o0 1 0.850 V -165°

0 0 1 0 0311V —45°

0 0 1 1 0.850 V -15°% <

0 1 o0 0 0.850 V -105* ©

0 1 o 1 1161V =135° <

o 1 1 0 0.850 V -75° <

o 1 1 1 1.161 V —45° <

1 0 0 0 031V 135 <

1 0 o 1 0.850 V 165° <

1 0 1 0 031V 45° <

1 0 1 1 0.850 V 15° <

1 1 0 0 0.850V 105°

1 1 o 1 1.161V 135° <

1 1 1 0 0.850V T75° <

1 1 1 1 | 1161V 45° <

(a) 4 PHASES WITH
2 AMPLITUDES EACH

9/12/2010 22
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16-QAM GENERATION: OUTPUT PHASES

T 0.850 1.161
l
|
|
|
|
|
-L 0.311
|
I
---------- T oy et
|
I
L
I
]
]
:
:
]
]
i
(b)

23
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16-QAM GENERATION: OUTPUT PHASES

e 1101

* 010

1100 »

0100 ®

* 1110

® 0110

Me

0111 »

24



BANDWITH CONSIDERATION OF 16-QAM

1 Q Q’
SERIAL |
tb tb tb tb
PARALLEL
Ial’aQaQ_,
1
BIT RATE BEFORE SPLITTER= — = f b
(SERIAL) -
1 fb
REPETITION RATE BEFORE SPLITTER  f, = —— = ~—
(SERIAL) 2tp 2
1 fb
BIT RATE AFTER SPLITTER= —= —
(PARALLEL) Aty A
1 fo
REPETITION RATE AFTER SPLITTER  f, S

(PARALLEL) B 2(4)ts T g

9/12/2010
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BANDWITH CONSIDERATION OF 16-QAM

2 phases/4 voltage levels

2-to-4-lavel PN\_"_ Balanced £ 5in ot
I' | converter modulator +0.22V
i T 0821V
Bi Bit splitter 8in wet
inary
input — a|ajin|r
o ———{a]o] 1] 1]
A
To Q-channel
2-to-4-level
converter
r I [o'g a r 1 a a
Input i I
dmf& o110 1]o 1i 0
Highest
fundamental
> f
I'-channel requency
b data fi/4 \< o™
— -
Ichannel b
data fy/4 >
z | R — ' « —
---------------------------------------------------- +0.821V r
Ichannel ~~ T T """": """"" +ng
PAMGLL = ST TS SRR TR TR TR T -0.22V
--------------- -0821V
] I
1 1
Ichannel /\/\ /\i

1
i
balanced |
[}
]
|

modulator
out

9/12/2010

-0.821 sin wgt +0.22 sin ot ~0.821 s5in et
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16-QAM GENERATION: BAUD RATE

e V6i16-QAM, c6 1 thay doi vé pha tai ngd ra méi 4 bit dir
licu
OUTPUT FOR EVERY FOUR DATA INPUT BITS.
(A group of 4 birs = 1 phase =1 symbol)
fo

VI THE, THE BAUD RATE =1/4 BIT RATE= —

9/12/2010
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BANDWITH CONSIDERATION OF 16-QAM

vepst (¢) = [sin( 27fet) | [ X sin( 2774 ]

ﬁ = REFERENCE CARRIER FREQUENCY
X =+/-0.22 OR +/- 0.821

b  REPETITION RATE (FUNDAMENTAL
ﬁ — ~—— FREQUENCY OF I or I’ or Q or Q’ CHANNEL BITYS)
IT IS 1/8 THE BIT RATE

(sin X)(sinY) :%cos(X—Y)—%cos(X+Y)

X X
Vpsk(£) = = coq2z( fo— f,)t] - coq27z(f: + f,)t]
LOWER SIDE FREQUENCY UPPER SIDE FREQUENCY
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BANDWITH CONSIDERATION OF 16-QAM

B
LSB USB
_ S
Jr= " fr "
Je=Jr f: fe+ [
LSF USF

DSB-SC MODULATION

_ oot _ I
B=2fi=2:="

9/12/2010
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EXAMPLE

VOI BQ PiEU CHE 16-QAM CO TAN SO SONG MANG LA
70 MHz VA TOC PQ BIT LA 10 Mbps,
XAC PINH a) THE LSF b) USF ¢) B d) BAUD RATE

fe=10 MHz  f» =10 MHz

Y
£=10 A;HZ ~1.25 MHz
LSF = fi— 1. =70 —1.25 = 68.75 MH:z
USF = fo+ fi =70 +1.25 = 71.25 MHz

BZ%ZZ.SMHZ

9/12/2010
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EXAMPLE
2.5 MHz

LSB i USB

1.25 MHz  1.25 MHz

68.75 MH-z [0 MHz /1.25 MH-z
LSF USF

BAUD RATE =1/4 BIT RATE =2.5 MEGABAUD

9/12/2010 31



BANDWITH EFFICIENCY

e USED TO COMPARE THE PERFORMANCE OF ONE
DIGITAL TECHNIQUE TO ANOTHER

BW EFFICIENCY — TRANSMISSION RATE (bps)
MINIMUM BANDWITH (Hz)
BW EFFICIENCY = -2/

cycle

9/12/2010

32



BANDWITH EFFICIENCY

BPSK: BW EFFICIENCY =10 Mbps/10 MHz = 1 bit/cycle

QPSK: BW EFFICIENCY =10 Mbps/S MHz = 2 bit/cycle

8-PSK: BW EFFICIENCY =10 Mbps/3.33 MHz = 3 bit/cycle
8-QAM:

16-PSK: BW EFFICIENCY = 10 Mbps/2.5 MHz = 4 bit/cycle
16-QAM:
 BPSK IS THE LEAST EFFICIENT

e 16-PSK/QAM ARE THE MOST EFFICIENT
(USES 1/4 BW USED IN BPSK). 16-QAM HAS A BETTER
PHASE SEPARATIOM
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Gi¢l thiéu
» Ghép kénh la sy truyén dan thong tin tir nhiéu nguon den
nhiéu dich thGng qua cung mot moi tredng truyén
» Méi trwdng truyen: day kim loai déi, cap xoan, hé thdng cao
tan vi sbng mat dat, hé thong vi séng vé tinh, cap quang
* 4 phwong phap thGng dung:
— Ghép kénh phan chia theo thoi gian - Time-division
multiplexing (TDM)
— Ghép kénh phan chia theo tan sb - Frequency-division
multiplexing (FDM)
— Ghép kénh phan chia theo ma - Code-division
multiplexing (CDM)

— Ghép kénh phan chia theo budc song - Wavelength-
division multiplexing (WDM)
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FDM and TDM

» Ca hai phwong phap déu chia dung lwgng
truyén thanh nhiéu slot

Slot
3
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(1 FDM

Guard,Band

CHANNELS
(FREQUENCY SLOTS - CHANNELS)

AF, AF, AF,AF, AF.AF, o © @ ® F [Hz]
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\ TDM

Guard, Time

CHANNELS
(TIME SLOTS - CHANNELS)

At, At, At; At, At; At, o ®@ @ ® t [sec]
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Time-Division Multiplexing

« Truyen dan tir nhiéu nguon dwegc dan
xen trong mién thoi gian

« PCM la dang théng dung cla diéu ché
dung v¢&i TDM(PCM-TDM System)

« Trong hé thong PCM-TDM, 2 hay nhleu
kénh thoai dwoc lay mau, chuyen doi
sang ma PCM va sau do duo’c ghep

kénh theo thoi gian trén 1 maoi trwong
truyén duy nhat
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Time-Division Multiplexing

« Trong TDM, mai thiét bji nguén chiém mét
bang théng truyén con v&i moi khe thoi
gian (time slot)

» Cudi cung, tré lai nguon dau tién va qua
trinh tiép tuc
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Time-Division Multiplexing

3
g B C 5
Input signal A 5 C B
S
O
Time
Output
Input signal B
\
Input signal C
Input signal D
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Time-Division Multiplexing

So d6 khdi co ban bat dau véi kénh DS-0

Analog PAM
Parallel
Ay Ay ’_L|_|‘LL PCM code | [ |
Input s - 8-bit
&inn ol Antialiasing .| Sample - Analog-to - Parallel-to serial PCM
9 ) bandpass filter 1 and hold 7| digital converter »| serial converter code (64 kbps)
0to 4 kHz - DS-0
Sample pulse Conversion clock Line speed clock
8 kHz 1.536 mHz 64 kHz

L TUuuL rdudt

«  Toc dé bit ngd ra:
8000 samples < 8 bits _ 64Kbps
sec sample
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Time-Division Multiplexing

Hé thong PCM-TDM goém 2 kénh DS-0

PAM Parallel 8-bit serial
Analog P'Ln. PCM code PCM code
- 64 kbps
Input ,\J Antialiasing ’\J Sample Analog-to- »| Parallel-to- ( Ps) H_ﬂ_
signal —* filter > and »~| digital - serial
0to 4 kHz hold converter " | converter
Channel 1 f H_ 1‘ f \
Sample pulse Conversion clock Line speed clock ————=
ngz 128 kHz TDM 128 kbps H_I—U-L
PAM Parallel Multiplexet: | poy
Analog |L]I"I PCM code i
Input Antialiasing v [ sample Analog-to- ,.| Parallel-to-
sig:; al bandpass = and =1 digital > serial |_U_L
0to 4 kHz filter hold converter converter 8-bit serial
Channel 2 PCM code
Sample pulse Conversion clock  Line speed clock (64 kbps)
8 kHz 128 kHz

« Kénh 1 va 2 dwoec lan lwot chon va két ndi véi bd ghép kénh
ngo ra
« Frame thoi gian 1a thoi gian dé truyén 1 mau ti mdi kénh

1 |
9/12/2010 f - 2000 =125 10 /32
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Time-Division Multiplexing

dinh trong frame TDM
« Hé thong 2 kénh:

« Toc dé truyén (bandwidth) tai ngd ra bd ghép kénh

Ma PCM cia mbi ké&nh chiém mét khe thdi gian ¢

la
2channelsX SOOOsamplesX 8 bits _ 128Kbps
frame secC sample
125us
PCM code PCM code
Channel 1 Channel 2

9/12/2010
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Time-Division Multiplexing

« Hé thdng n kénh:
« Toc dd truyén (bandwidth) tai ngd ra bd ghép kénh la

nchannels 8000samples 8 bits

X X =n*64kbps
frame sec sample
J 125us R
PCM code PCM code PCM code
Channel 1 Channel 2 Channel n

Ex: n =32 - 256 Bits/frame, B = 2.048 Mbps, CLOCK = 2.048 MHz
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Digital Carrier System

» DSC la mét hé thong truyén théng st dung xung so,
nhiéu hon 1a cac tin hiéu twong tw, d& ma hoa théng
tin.

* The Bell system (AT&T) Hé thong song mang T1 1a
chuan thoai clia Bac My va dwoc cdng nhan béi
CCITT (ITU-T) - G.733

« Song mang T1 str dung PCM-TDM. N6 ghép 24 kénh
thoai thanh 1 frame. Moi frame phan biét b&i Framing
bit

» The 24-channel multiplexed bits, now a 1st level digital

signal (DS-1), are processed by a T1 line driver
9/12/2010 13 /32



Digital Carrier System

m analog voice

u: fax communication —

A

= _. digital data

ata communication using
/\_a modem ™\

cPE

Video

key: CPE = customer
premises equipment

A mix of services, analog and digital,
9/12/2010 can be carried over a T1 circuit 14 /32




Digital Carrier System
S N

/\ :
fax communicatiom— o

= O
Fa
> D v]v
4 —]
Z - M Sample 1
D V|V
( 1 7 Sample 2
m ULJU g
= digital data

e / 8000

key: D = Data
V = Voice
F = Frame
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Digital Carrier System

one frame
PCM PCM PCM PCM f
4
// /\/\/\ Codec | | .
analog voice 1 T1 bit stream
Telephone 1
/4 >
// VAAVAYS Cogec | | Transmit
analog voice
Telephone 2 Line T1 Line Span <X
TDM Driver
Receive
// S \N Codec | |
/4 ] V7 24
analog voice
Telephone 24

9/12/2010 Time division multiplexing over T1. 16 /32



T1 physical layout

Cable QOuter

s/ Jacket
—
———]

——]
——]
RX —* —
\_ A =

7

Wi i RJ-48C

Twisted Pair Pin 1.2 = TX
Pin 3,4 = RX

« T1 dwoc lam tr 2 cap day dong. Cac cap day dwoc dung voi
cau hinh full duplex véi 1 cap dung dé truyén va cap khac dé
nhan théng tin. Customer Premises Equipment (CPE) typically
terminate a T1 with a RJ-48C jack
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Digital Carrier System

« Mbi kénh chlra 8 bit ma PCM va lay mau 8000
lan/giay
« Toc dé truyén:

24 channelsX 8 bits =192 bitsperframe

frame sample

192 bits X 8000frames

=1536kbps=1.536Mbps
frame sec

9/12/2010 18 /32



Digital Carrier System

[
8K Sample m
pulse

Channel 2 /\/\/-
airr‘:)IStg P
8K S;lr:il::e _Ei
MOI KENH DUQC LAY MAU MOT LAN TRONG

1 FRAME NHUNG KHONG CUNG THOI GIAN
Channel 24 /\WM

analog
input

[

8K Sample ﬂ

pulse

125 s >

r

(b)
9/12/2010 19 /32



Digital Carrier System

Channel 1 Antialiasing Sample-and- An{;lo;lg;o- Butfer
analog —— filter hold circuit v calil
input converter
| ! _f : _T : —
| | fg=8KHz | 1.536 MHz ! Bufters
! ! : ! ~— ™| Channels
! ! | b | 223
: | I i B
: { £ ey, o
a 2 S . —— '
2 = 3 ;
5 o ° | e 24 1.536 Mbps
g 2 'E § ) ™| Channel
] D T @ DS-1
5 2 ® g — | TOM Ak
‘?; 5 = :; Multiplexer —— framil"lg — PCM code
Q - 3 o E—— :
j= ™ @ o ] bit (1.544 Mbps)
o =i o o i
- o~ ™ £ !
T = - 5 |
5 £ “ 5 — | 1
S 5 T e |
; : =
I i ] I
| : S : :
] ] I : —_— :
i i | P :
i i i e !
1
| | fg=8KHz &1.536Msz UG !
: : 1 ] 1 :
|
Chanr‘:el 24 Antialiasing Sample-and- An;lc;tga-:o- Buffer
analog —={""To hold circuit e Ch 24
input converter
1.536 MHz

9/12/2010 20 /32
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Frame synchronization

« M0t bit (framing bit) dwgc thém vao phia trudc tin
hiéu truyén moi frame

 Bitnay xuat hién 1 1an méi frame (8 Kbps rate) va
dworc lay lai tai dau thu

- Cac bit framing dworc tap hop tai dau thu (framing
channel) dwoc dung dé duy tri frame va dong bd
mau gitra bd truyén va bd thu

« Tap hop cac bit framing tr 1 ma dé dau thu hiéu
(multiframe alignment-later)
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Frame synchronization

Frameng Bit (192)

9/12/2010
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Frame synchronization

1 frame chwa: 192+1=193 bits
 C0 8000 framing bits moi giay

« Toc dd dworng truyén cua hé thong sd T1 1a:

193 bits " 8000 frames
frame second

=1.544 Mbps

=1.536 Mbps+8000bits=1.544 Mbps

9/12/2010
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D1-type channel banks

D1 framing ( T1 early version)

Moi kénh s&r dung LSB goi la S-bit (bit tin hiéu >
Inband signaling) (7 bits cho thoal, 1 bit cho tin
hiéu)

S-bit dwoc dung cho: FLASH-HOOK, ON-HOOK,
OFF-HOOK, DIAL PULSING, RINGING, ....

Toc do kénh tin hiéu = 8 Kbps (BW waste)

thoai = 56 kbps (voice quality suffers)

128 bwdc lwong tir vs. 256 (with 8 bits)

Framing bit pattern=101010101 ......
(POOR) (NO SF, NO ESF)
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9/12/2010

D1-type channel banks

A

1 TDM frame (125 ps)

Y

Sample 1, Sample 1, Sample 1, Framin
channel 1 channel 2 Sample 1, channels 3-23 channel 24 bit g
s-bit 7 PCM bits | s-bit 7 PCM bits (168 bits) s-bit 7 PCM bits (1 bit)
(8 bits) (8 bits) (8 bits)
Frame 1 | Frame 2
193 bits | 193 bits Frames 3to n

Sample 1| Sample 2

Samples 3ton
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D4-type channel banks

Phuong phap co ban dugc sir dung ban dau véi mang T1.
* D4 framing:

» Robbed-bit signaling introduced:

— 5 out of 6 frames c6 do phan giai 8 bit (64 Kbps). 1 out
ctia méi 6 frame c6 dd phan gidi 7 bit (8000 x 1/6 =
1.333 Kbps)

— S-BIT =LSB
« Superframe format devised:
— 12 frame lién tiép mdi superframe (SF)
— Cac frame duoc danh sb
— S-bit chi trén frame th&r 6 (A-bit) va 12 (B-bit) ciia moi
kénh PCM

— St dung 2 bit, co 4 trang thai tin hiéu co thé qua trong
mOi chiéu (dlrectlon)
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D4-type channel banks

* D4 framing:
— Frames 1-6 duwoc goi la A-HIGWAY
— Frame 6 la frame tin hiéu kénh A (LSB)
— Frame 7 — 12 dwoc goi la B-HIGHWAY
— Frame 12 la frame tin hiéu kénh B(LSB)

— Framing bit sequence:
« Frame1é:101 0 10, dung cho frame va ddng bd mau

 Frame chan: 00 1 1 1 0, dung dé xac dinh frame tin hiéu kénh A
va kénh B (6 va 12)

- 1 bit trong frame 12 cho thay sw mat cia s lién két nhiéu frame
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9/

Superframe format

Frame 1 Frame 3 Frame 5 Frame 7
FB=1 FB=0 FB=1 FB=0

Frame 9 Frame 11
FB=1 FB=0

o ———
O —-—

g —
-

* even

1 0 1 1 0 1 1 0
s | } } } t }
Frame 2 Frame 4 Frame 6 Frame 8 Frame 10 Frame 12
FB=0 FB=0 FB=1 FB=1 FB=1- FB=0
0/1 transition 1/0 transition
identifies frame 6 identifies frame 12
(b)
A-highway B-highway

-

\MSBH /

N

Frame 1 | Frame 2 | Frame 3 | Frame 4 | Frame 5 ;r?:?ﬁ_s Frame 7 | Frame 8
-ch si
1 0 0 0 1 A B 1

Frame 9 |Frame 10|Frame 11|Frame 12

1 1 0 B-crl; sig

7-bit
resolution

8-bit resolution

(c)

7-bit
resolution

8-bit resolution

/132



Superframe format

Framing Bit {193)
Bits 1-8 Bits 9-16 Bits 17-184 Bits 185-192
. M, A - A, A,

Frame 1

Frame 2

i Frame 3

Frame 4

Frame 5

Frame &

Frama 7

Frame 8

Frame @
rame 10
) | Frame 11
B I B rame 12

N — e
Channel 1 Channel 2 Channels 3-23 Channel 24
X = Sfgual frame alignmenthits: 101010
C X | = Teq@inal frame alignman bits: I:Iﬂi
X | = Robbed-bit signaling (CAS) channeal

9/1zizu 1u
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E1 Carrier System

EUROPE 32 TIME SLOTS (CHANNELS)

0 BITS = 8n .

SYSTEM CLOCK:
n channels " 8 biItsS " 8000 frames
frame channel second

EXAMPLE: n=32; B =2.048 Mbps
BITS =256 BITS, CLOCK = 2.048 MHz
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E1 Carrier System

« Ngoai Bac My va Nhat Ban, E1 dwoc st
dung rong rai.

« E1 co toc do dir liéu la 2048 Mbps

« Hé thong cé 32 kénh 8 bit dwoc gii trong
frame 256 bit

* Hai kénh dwoc dung cho bao hiéu va 30
kénhdung cho d liéu

Khoéng hd tro Bit Robbing nhwr trong T1 dé

Bao hi¢u
9/12/2010 31/32



E1 Carrier System

e E1 frame

30 voice channels+2 control channels

125 s
CH|CH|CH CH CH
0112 16 31
T T
frame signaling
synchronization channel

E1 bit rate : (32x8 bit)/125 us = 2.048 Mbps
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E1 Carrier System

« 1 frame c6 32 TS (0-31), a multiframe gom
of 16 frames (0-15)

 TSO is used for:
—Poéng bd
— B&o hiéu truyén (alarm transport)
— International carrier use

« TS16 dung dé truyén thong tin CAS
(Channel Associated Signaling)
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Frame 0

Frame 1

9/12/2010

E1 Carrier System

CSYHCD
TS5 0

12345678
T8 1

CSYHC)
TS5 D

12345678
T8 1

CSYHCD
T5 0

12345678
T8 1

CSYHC)
TS 0

12345678
T8 1

CMFA)
TS5 16

ABCDABCD
T5 16

ABCDABLCD
TS5 16

ABCDABCD
TS 16

12345678
T8 31

12345678
T8 31

12345678
T8 31

12345678
T8 31

MFA= Multi-
Frame Align-
ment

T516=51q9. for
T§ 1 and 17

T516=51g9. for
TS 2 AHD 138

T516=51q9. for
T§ 1% and 31
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E1 Carrier System

 TSO operation

— Normal operation (without CRC-4 checksum, Cyclic

Redundancy Check):
0DD FRAMES Bat#|->| 1 2 3 1 L b 1 H
I 1 A M M M M H
International ] { i- MHational Bits -}
Bit

Yellow Alarm CAlarm = 1)
1 indicates 000 frame CHormal = 0)

EVEH FRAMES Bat#t|->| 1 2 3 1 L b F) H

I 0 0 1 1 0 1 1

International ]
Bit
9/12/2010

I 0 indicates EVEH frame

- Frame Alignment Pattern -
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E1 Carrier System

« TSO operation

— Optional operation (with CRC-4 checksum):
4 bit CRC duwoc str dung
« CRC bits trong Frame 0, 2, 4, 6 cung cap do 16i

cho submultiframe dwoc truyén/nhan phia trwéce
(Frame 0-7)

* CRC bits trong Frame 8, 10, 12, 14 cung cap do 16i
cho submultiframe dwoc truyén/nhan phia truwéc
(Frame 8-15)
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E1 Carrier System

« TSO trong frames lé:

0DD FRAMES Bat#(->| 1 [ 2| 3 | & |5 |6 |7 |8
o (1| n | S |[§5 |5 | 8§ |85
b - Spare Bits -}
Yellow Alarm CAlarm = 1)
1 indicates 0DD frame - (Hormal = 0D

« TSO in the frames chan:
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E1 Carrier System

EVEH FRAMES

FREHE #0

EVEH FRAMES

FROME #2

EVEH FEAMLS

FRAME #4

EVEH FRAMES

FRAME #6

Bite|->| 1 [ 2 |3 |a |5 |e| 7|8
(1| oo |11 0|11
CRC & bit | | | D indicates EVEM frame
{— Frrame Alignnent Fatters -|
Bits|->| 1 | 2 |3 |a |5 |6 | 7|8
ez oo |11 |o]1]1
cRe-4 bit | | L 0 indicates EVEW frame
|~ Frame Alignment Patters -|
pits|->[ 1 (2 [3|8s|5 ¢|7]|8
e3 |0 |0 1|1 o011
ERE & bit | | | [ indicates EVEH framo
E- Frame Hligement Pattern —E
Bival-> 1 |2 [3|&]|5 6|78
eh [0 |0 |11 o1 |1
CRC-4% bit 4 § L 0 indicates EVEN frame

- Frame Al1gament Pattern -
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E1 Carrier System

EVEN FEAMES Bit#|->| 1| 2 | 3 5 6|7 |8
FRAME 48 e1 oo |11 o011
CRE & bit | | | 0 indicates EVEH frame

- Frame Ali1gament Fattern -

EVEH FRAMES Bits|-»2| 1 2 3 G | 5 b I &

FRAME %18 cz |o o |11 o011
CRE-4 bit 4 ! L 0 indicates EVEN frame

I I
- Frame Aligement Pattern -}

EVEH FRAMES Bats|->| 1 2 3 ] & [ F, ]
FRIME £12 e3 oo 1|10 1]1
ERC & bit | | | 0 indicates EVEHM frame

{— Frame Hlignnent Patters -|

EVEH FRAMES Baits|-+| 1 2| 3 | 5 b F; &

FREME #1% 4 | o (o0 (1|1 0|11

CRC-4 bit 4 | L 0 indicates EVEN frame |
9/12/2010 i— Frame Alignment Patters —i 39/32




 TS16 operation

— CCS (Common Channel Signaling) duwoc
dung, TS16 c6 thé dwoc st dung nhw la kénh

— CAS dwoc s dung:
* TS16 of Frame 0: Multiframe Alignment signal

9/12/2010

E1 Carrier System

thong tin

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit7 Bit8

0

0

0

0

X

Y

X

X

X= Spare bits, set to 1 if not used

Y= Yellow Bits (Loss of Multiframe Alignment

Signal) (0 = Normal, 1= Loss of MFAS)
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 TS16 of Frames 1-15: Signaling bits

Frame 1

Frame 2

Frame 3

Frame 15
9/12/2010

E1 Carrier System

Bit 1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit8
ch1-A| Cch1-B| X X |[Cch17-A|Cch17-B] X X
Bit 1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit8
Ch2-A | Ch2-B X X |Ch18-A{Ch18-B| X X
Bit 1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit8
Ch3-A|ch3-B| X X [Ch19-A|Ch19-B] X X
Bit 1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Bit8
Ch15-A|Ch15-B| X X |Ch31-A[Ch31-B| X X
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What is Signaling?

« Xem xét quy trinh thiét lap két ndi
* Cudc goi ndi bo:

A B
= X Z 7305315

Off hook
< Dial tone
7
O s
«_Ringback tone Ringing tone .
Off hook
Conversation
On hook N
9/12/2010  Onhook 42 /32



What is Signaling?
. Trunliﬂfc;-a” X X Z= 7305315

Off hook ~
< Dial tone
7 »
i 5 ‘
g Seize
’ Seize ACK
Digits
Digits
< Ringback tone Ringing tone R
p Off hook
Conversation
’ On hook
j Clear back )
Clear forward
9/12/2010 On hook R 43 /32




TDM Hierarchy

* North America and Japan standards
(AT&T)

24 4 DS-1 7 DS-2 6 DS-3 2DS-4 DS-5
DS-0

1, 1 1 1 1

, 1stlevel | | . 2 level | | . 3dlevel | | . 4thlevel | | . 5th level

" | multiplexer - | multiplexer - | multiplexer - | multiplexer - | multiplexer
24 4, 7, 6, 2,

560.160Mbps

1.544Mbps 6.312Mbps 44.736Mbps 274.176Mbps
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9/12/2010

TDM Hierarchy

« TDM standards for North America

Digital Signal Bit rate, R No of Transmission media
Number (Mbps) 64kbps used

PCM

channels
DS-0 0.064 1 Wire pairs
DS-1 1.544 24 Wire pairs
DS-2 6.312 96 Wire pairs, fiber
DS-3 44.736 672 Coax., radio, fiber
DS-4 274176 4032 Coax., fiber
DS-4E 139.264 2016 Coax., radio, fiber
DS-5 560.160 8064 Coax., fiber
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30

* Europe standards

E1

TDM Hierarchy

E2

multiplexer

EO
1 >
multiplexer
30,
2.048Mbps

9/12/2010

\4

1stlevel | | . 2 level | | .

8.448Mbps

A 4

3dlevel | | . 4thlevel | | .

multiplexer

E3

E4

multiplexer

34.368Mbps

\4

DS-5

139.264Mbps

A 4

5th level

multiplexer

565.148Mbps
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