
Chương 1-1

Chöông 1 : 
Caùc Phöông Tieän Truyeàn 

Daãn Vaø Lôùp Vaät Lyù
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Chương 1-2

NOÄI DUNG

Truyeàn daãn coù daây (Wire Media)
Truyeàn daãn khoâng daây (Wireless Media)
Delay trong truyeàn daãn vaø dung löôïng keânh 
truyeàn
Caùc chuaån giao tieáp lôùp vaät lyù : RS232, RS422, 
RS485
Caùc kyõ thuaät maõ ñöôøng truyeàn (line codes)
Ñieàu cheá vaø giaûi ñieàu cheá soá.
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Chương 1-3

1.1 Truyền dẫn coù daây
(Wire Media)

Caùp song haønh (Two-Wire Open Lines)
Caùp xoaén (Twisted-Pair Cables)
Caùp ñoàng truïc (Coaxial Cables)
Caùp quang (Optical Fiber Cables)
Quaù trình phaùt trieån vaø tieâu chuaån cuûa caùp.
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Chương 1-4

Ñöôïc söû duïng chuû yeáu ñeå truyeàn döõ lieäu toác ñoä thaáp trong khoaûng caùch
ngaén (Data cables)

Caùp song haønh 
(Two-Wire Open Lines)

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

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

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


Chương 1-5

Öu ñieåm
Caáu taïo ñôn giaûn

Nhöôïc ñieåm
Toác ñoä truyeàn döõ lieäu thaáp (R ≤ 19Kbps), vôùi khoaûng caùch toái ña L ≤
50m
Deã bò taùc ñoäng cuûa nhieãu xuyeân keânh (Crosstalk)
Nhaïy vôùi nhieãu ñieän töø tröôøng (EMI)

Caùp song haønh 
(Two-Wire Open Lines)
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Chương 1-6

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-7

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-8

Alan Bob

Chris Dave

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-9

UTPUTP

Caùp Xoaén
(Twisted-Pair Cables)

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

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

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


Chương 1-10

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-11UTPUTP FTPFTP FF22TPTP SS--FTPFTP STPSTP

Foil

Drain
Wire Foil

Drain
Wire

Metal
Braid

Foil
Individually

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-12

Ñöôïc söû duïng laøm caùp truyeàn thoaïi
hoaëc truyeàn döõ lieäu trong caùc heä
thoáng truyeàn thoâng tin

Söû duïng chuû yeáu trong maïng ñieän
thoaïi vaø maïng LAN

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-13

Caùp xoaén coù 2 loaïi chính
UTP (Unshield Twisted Pair)

Trôû khaùng ñaëc tính 100 Ohm
Baêng thoâng thay ñoåi tuy theo loaïi (CAT) thay ñoåi töø
750Khz (CAT 1) ñeán 250MHz (CAT 6)

STP (Shield Twisted Pair)

Trôû khaùng ñaëc tính 100 Ohm
Baêng thoâng thay ñoåi theo loaïi (STP coù baêng thoâng
30MHz, STP-A coù baêng thoâng toái ña 300MHz)

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-14

UTP CAT 3
Baêng thoâng toái ña16MHz
Ñoä xoaén töø 7.5 ñeán 10cm

UTP CAT 4
Baêng thoâng toái ña 20MHz

UTP CAT 5/ 5e
Baêng thoâng toái ña 100MHz
Ñoä xoaén töø 0.6 ñeán 0.85cm

UTP CAT 6
Baêng thoâng toái ña 250Mhz

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-15

Öu ñieåm
Caûi thieän ñöôïc khaû naêng choáng nhieãu ñieän töø tröôøng (EMI) so vôùi caùp
song haønh
Giaûm nhieãu xuyeân keânh (Crosstalk) giöõa caùc caëp daây

Nhöôïc ñieåm
Nhaïy vôùi can nhieãu (interference)
Nhaïy vôùi nhieãu EMI

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-16

Caùp Xoaén
(Twisted-Pair Cables)
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Chương 1-17

Ñöôïc söû duïng trong
Maïng maùy tính (Computer 
Network)
Heä thoáng truyeàn döõ lieäu (Data 
Systems)
CATV
Maïng truyeàn hình caù nhaân
(Private Video Network)

Caùp Ñoàng Truïc
(Coaxial Cables)
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Chương 1-18

Caùp ñoàng truïc goàm 3 loaïi chính:
RG-6/RG-59

Trôû khaùng ñaëc tính 75 Ohm
Ñöôïc söû duïng trong caùc heä thoáng CATV 

RG-8/ RG-58
Trôû khaùng ñaëc tính 50 Ohm
Ñuôïc söû duïng trong maïng Thick Ethernet LANs hoaëc
Thin Ehternet LANs

RG-62
Trôû khaùng ñaëc tính 93 Ohm
Söû duïng trong caùc maùy Mainframe IBM

Caùp Ñoàng Truïc
(Coaxial Cables)
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Chương 1-19

Öu ñieåm
Khaû naêng choángnhieãu ñieän töø tröôøng (EMI) toát
Toác ñoä truyeàn döõ lieäu leân ñeán 10Mbps vôùi khoaûng caùch vaøi traêm meùt

Nhöôïc ñieåm
Coù nhieàu trôû khaùng ñaëc tính khaùc nhau neân caùp ñoàng truïc neân chæ
ñöôïc söû duïng trong rieâng bieät trong töøng heä thoáng

Caùp Ñoàng Truïc
(Coaxial Cables)
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Chương 1-20

Caùp Quang
(Optical Fiber Cables)
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Chương 1-21

Giôùi thieäu
Sôïi quang ña mode (Multimode) vaø ñôn mode (Singlemode)
Phaùt quang(Optical Transmitters)
Ñaëc ñieåm truyeàn daãn (Transmission characteristics)
Öu ñieåm cuûa sôïi quang (Advantages of Optical Fiber)

Caùp Quang
(Optical Fiber Cables)
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Chương 1-22

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu

Caùp quang goàm 3 loaïi chính
Step index Multimode

Khoaûng caùch leân ñeán 500m
Grade index multimode

Khoaûng caùch truyeàn leân ñeán 1000m
Single mode

Khoaûng caùch truyeàn leân ñeán vaøi Km
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Chương 1-23

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu

Öu ñieåm
Toác ñoä truyeàn cao, baêng thoâng roäng
Khaû naêng choáng nhieãu raát cao

Nhöôïc ñieåm
Giaù thaønh cao
Laép ñaët phöùc taïp
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Chương 1-24

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu

3

3 = COATING

2

2 = CLADDING

1

1 = CORE
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Chương 1-25

Opto-elec. 
transmitter

Light Emitting Diode
or Laser Diode

Fiber Optic connectors

Fiber Optic cable
Opto-elec. 

receiver

Photo Diode

Optical signal

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu
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Chương 1-26

ST

SC
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Chương 1-27

Frequency : number of cycles per second
example : 50 cycles in one second = 50 Hz

1 cycle

λ

Wavelength

Wavelength : linear distance travelled by a wave in one cycle
example : Wavelength of power cable (50 Hz) ≈ 4 km

Wavelength of 100 MHz data cable ≈ 2 m

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu

Wavelength
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Chương 1-28

A
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Wavelength (nm)

A
tte

nu
at

io
n

850 1310 1550

LED
VCSEL

LASER DIODE
MM FIBRES SM FIBRES

Windows

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu
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Chương 1-29

Phoå maøu cuûa nguoàn saùng
Maét ngöôøi chæ nhìn thaáy maøu coù böôùc soùng giöõa 750 nm (Red) vaø

420 nm (Violet)

RED VIOLET

VISIBLE SPECTRUM
INFRA RED ULTRA VIOLE

750 nm 420 nm

Böôùc soùng ngaén tieâu bieåu cho sôïi quang laø 850 nm
Böôùc soùng ngaén tieâu bieåu cho sôïi quang laø 1300 nm

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu
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Chương 1-30

Center wavelengths
LED/VCSEL Laserdiode

850 nm 1300 nm

1300 nm 1550 nm

Spectral width
LED Laserdiode

40 to 80 nm 1 to 2 nm

LED/LASER Comparison

LED Laserdiode

Less expensive expensive

1280   1300   1320     nm

LED

Laser

In
te

ns
ity

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu
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Chương 1-31

N1
N2 < N1

1 2

3

1) Incident light ray
2) Reflected light ray
3) Refracted light ray

Refractive Index (N)
Light shall either reflect or break

1

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu

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

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

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


Chương 1-32

AIR

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu
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Chương 1-33

AIR

The index of refraction (n) is the ratio of the speed of 
light in a vacuum (c) to its velocity in a material (v)

n = c / v

WATER
Light slows (and bends) as it passes through different 
mediums (example : air to water).

Material Index (n) Light Speed 
(km/s)
Vacuum 1.0 300 000
Water 1.33 225 000
Glass 1.5 200 000
Diamond 2.0 150 000

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu
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Chương 1-34

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu

It measures how light is transmitted in the material
To get internal reflections of the light in the fibre :

Refractive index (core) ≥ Refractive index (cladding)
The cladding is like a pipe guiding all the rays into the 

core
Two types of fibre technology existing :

STEP INDEX : the refractive index of the core is 
constant

GRADED INDEX : the index of the core is changing 
from the centre of the core to the edge of the core, 
“bending” rays and focusing light beam

Refractive Index (N)
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Chương 1-35

Numerical Aperture (NA)
Determines the maximum angle of incident 
light rays
Is depending of Refraction index N1 & N2

N2

θ

NA = √ N1² - N2² ≈ 0,28 / 0,2 / 0,105

N1
N2 < N1

Caùp Quang
(Optical Fiber Cables)

Giôùi thieäu
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Chương 1-36

100 / 140 μm (Core / Cladding)

140 µm

100 µm

First Optical Fiber manufactured
Constant refractive index N1 and slightly lower N2
Large core diameter

N1N2

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode

MULTIMODE STEP INDEX
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Chương 1-37

Dispersion 
Modus dispersion or Modal Delay (4000 
different modes)
Material dispersion (Color dispersion of 
glass)

140 µm

100 µm

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode
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Chương 1-38

Improvements by reducing the core diameter 

62.5/125 µ and 50/125 µ
400 modes, but less dispersion

125 µm

62.5 µm

MULTIMODE GRADED INDEX

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode
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Chương 1-39

Core

CladdingInput pulse

Output pulse

Source

Ray of light

Gradient Index Glass slows down the faster light 
modes and speeds up the slower ones 

GRADED INDEX = INCREASED BANDWIDTH

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode

MULTIMODE GRADED INDEX
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Chương 1-40

GRADED INDEX MULTIMODE

62,5 µm125  µm
n

n
9 µm125  µm

STEP INDEX SINGLEMODE

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode
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Chương 1-41

SINGLEMODE STEP INDEX

Core

CladdingLaser

Ray of light

Input pulse

Output pulse

No dispersion
Singlemode Step Index

9 / 125 µm (Core / Cladding)

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode
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Chương 1-42

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode
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Chương 1-43

Multimode versus Singlemode

Multimode is preferred
mostly in LAN
when many connectors are required
in combination with inexpensive 
LEDs/VCSELs
800 MHz.km

Singlemode is preferred
In long distance applications
for applications requiring extremely high 
bandwidths: 100 GHz.km
mostly in WAN

Caùp Quang
(Optical Fiber Cables)

Multimode versus Singlemode
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Chương 1-44

LED: Light-Emitting Diode

LASER diode

Dispersion of light beams

50%

100%

0%
810 850

(nm)λ

40 nm

Spectral characteristics

Radiation pattern

Spectral characteristics

50%

100%

0%
1540 1550

(nm)λ

4 nm

Radiation pattern

Caùp Quang
(Optical Fiber Cables)

Optical Transmitters
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Chương 1-45

Vertical Cavity Surface Emitting Laser

New cost effective light source

Cheaper and better than 
traditional lasers

Available and cheaper in 850 nm wavelength version

More expensive in 1300 nm version

Caùp Quang
(Optical Fiber Cables)

Optical Transmitters
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Chương 1-46

High Speed 
Modulation

High Speed 
Modulation Cost of LEDCost of LED

Size of LEDSize of LED Minimal
Modal Noise

Minimal
Modal Noise

VCSEL

Caùp Quang
(Optical Fiber Cables)

Optical Transmitters
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Chương 1-47

VCSEL
Medium Cost,
High bit rate (1 to 10 Gbit)

Pulse shape : INPUT

LASER

Pulse shape : INPUT
High Cost,
Ultra high bit rate (Terabit)

LED

Pulse shape : INPUT
Low Cost,
‘Low’ bit rate (<622 Mbit)

Caùp Quang
(Optical Fiber Cables)

Optical Transmitters
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Chương 1-48

LED
overfills the fibre

VCSEL
underfills the fibre

LASER
is extremely
restrictive

M
ore restrictive

Caùp Quang
(Optical Fiber Cables)

Optical Transmitters
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Chương 1-49

LED
overfills the fibre

VCSEL
underfills the fibre

LASER
is extremely
restrictive

T

High number of 
modes
= high dispersion

Low number of modes
= lower dispersion

Few number of 
modes

l di i

Caùp Quang
(Optical Fiber Cables)

Optical Transmitters
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Chương 1-50

Input pulse

α

Output pulse

Attenuation (α) : the signal received is less than the transmitte

Modal dispersion (Bandwidth limitation) : the signal is widen
due to different propagation times (ΔT)

W0 ΔTW0

Caùp Quang
(Optical Fiber Cables)

Transmission characteristics
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Chương 1-51

Attenuation is influenced by
Light source

LED, VCSEL, Laser
Optical window

850nm, 1300nm, 1550nm
Mode

Single vs multimode
Stress on the fibre

Min Bending radius, max. pulling force, crush 
resistance

Quality of the fibre 

Caùp Quang
(Optical Fiber Cables)

Transmission characteristics
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Chương 1-52

CHARACTERISES the loss of signal in the fibre (in dB/km)
the smaller the core is, the lower attenuation is

TYPICAL VALUES :

ATTENUATION INCREASE = STRESS on the 
FIBRE

PARAMETER used for in-plant and on-site measurements

The ONLY transmission parameter which can be worsen by 
the  cabling or the installation

0.5 90
1 80
2 63
3 50
10 10
20 1

% 
transmitted

power
850 nm 1300 nm 1550 nm

62.5/125 3.2 dB/km 0.9 dB/km

50/125 3.0 dB/km     1.0 dB/km

Singlemode (9/125) 0.45 dB/km      0.2 dB/km

Loss in 
dB/km

Caùp Quang
(Optical Fiber Cables)

Transmission characteristics
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Chương 1-53

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)

Telephone

Informatics

Unstructured

Structured

Universal Cabling System

Pre-engineered Cabling System
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Chương 1-54

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)

Telephony

PABX
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Chương 1-55

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)

Data networking (80 - 90)
LAN introduction
New cable media

HOST
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Chương 1-56

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)

IEEE 802.3 Ethernet .... 1980

Token Ring

SAS

DAS

FD
DI

10 BASE-5

Token Ring 4 mbps .... 1985
Token Ring 16 mbps .... 1989

Fiber Distributed Data Interface .... 1980s

10 BASE-2
10 BASE-Tx

IEEE 802.5 Token Ring

10 BASE-FL
TP-PMD

ATM

10BASE-5

10BASE-2
Coxial

IBM Type1
UTP

CAT3 

2-pairSTP

FDDI
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Chương 1-57

WHAT A MESSWHAT A MESS…………

•Unstructured.

•Each system had a different kind of transmission medium.        
(UTP, telephone cable, STP, Type-1, coax, signal cable, fiber ...)

•Each installed system is non-compatible with other applications.

•Costly moves and changes.

•No overview.

•Spaghetti cabling.
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Chương 1-58

Why Universal Cabling ?

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)
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Chương 1-59

Universal Cabling

Two media: copper  twisted pair and optical fiber

Voice, data, video, control signals

Patching Facilities

Universal (Generic): application independent

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)
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Chương 1-60

NORTH AMERICA EUROPE INTERNATIONAL

TIA/EIA 
568A

EN 50173 IS 11801

Commercial Building 
Telecommunications

Wiring Standard
Generic Cabling for 
Customer Premises

October 1995 August 1995 July 1995

Customer 
Premises Cabling

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)

Tieâu chuaån cuûa maïng caùp coù caáu truùc
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Chương 1-61

1995         1996         1997         1998        1999        2000 2002

IS 11801
Generic
Customer
Premises
Cabling

ISO/IEC

Europe

EN 50173
Information
Technology:

Generic
Cabling
Systems

IS 11801
Generic
Customer
Premises
Cabling

EN 50173
Information
Technology:

Generic
Cabling
Systems

IS 11801
Amendments

EN 50173
Amendments

Next
Generation
Cabling
Specs

Next
Generation
Cabling
Specs

+

++

+

=

=

EIA/TIA 
568A

Addenda

EIA/TIA 
TSB-72

Centralised
Optical

Architecture

+
EIA/TIA 
TSB-67
Field 

Testing +
EIA/TIA 
568A

=USA +
EIA/TIA 
TSB-75
Open
Office
Cabling

+
EIA/TIA 
568B

1st

edition
Tieâu chuaån 

cuûa maïng caùp 
coù caáu truùc

amendments 2nd

edition

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)
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Chương 1-62

CD

BD BD

Campus 
Backbone 
Cabling 

Building 
Backbone 
Cabling 

Horizontal 
Cabling 

ISO11801

EN50173-1

C
D

Campus 
Distributor

B
D

Building 
Distributor

F
D

Floor 
Distributor

C
P

Consolidation 
Point

T
O

Telecommunica
tion Outlet

FD FDFD FDFDFD

TOTO TOTO TO TOTO TOTO TOTO TO TO

CP

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)
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Chương 1-63

< 5m < 5m< 90m
Permanent Link

Channel  (< 100m)

FLOOR 
DISTRIBUTOR

FLOOR 
DISTRIBUTOR

FLOOR 
DISTRIBUTOR

< 500m
BUILDING BACKBONE

BUILDING 
DISTRIBUTOR
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Chương 1-64

< 1500 m

< 1500 m

< 1500 m

Campus Campus 
DistributorDistributor

< 1500 m
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Chương 1-65

Patchcord

Horizontal Cable 

Telecom Outlet
P1
P2

P3 P4

8 pins
4 pairs

T568 A-B

RJ45 (ISO 8877)

8 wires
1 drain wire

4 twisted pairs

Tieâu chuaån cuûa maïng caùp coù caáu truùc
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Chương 1-66

PASSIVE 
EQUIPMENT

ACTIVE EQUIPMENT

HORIZONTAL  CABLE

PATCHCORD
RJ45-RJ45

IDC-IDC, RJ45-IDC
OF (SC, ST, FDDI)

WORK  AREA

PATCH PANEL
RJ45, OF or IDC

Tieâu chuaån cuûa maïng caùp coù caáu truùc

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

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

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


Chương 1-67

T568A and T568B Ethernet 
on pairs 2 (wire 1 & 2) and 3 (wire 3&6)

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)
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Chương 1-68

Most widely installed model
Reliable and accepted configuration.

A typical 2 connector ChannelA typical 2 connector Channel

1
2

Links and Channels

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)
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Chương 1-69

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)

Links and Channels
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Chương 1-70

10 Gigabit Ethernet over copper cabling is coming.
•The full cabling standard is in the final stages of agreement, with a ratified standard due early 2008
•Augmented Cat 6 will be Adendum10 of TIA568B.2 
•Limit to 500MHz 
•New Parameter in Alien Crosstalks.

•TSB 155 which is equivalent to ISO 24750 test limits to determine if 10 Gig will run on cabling solutions.
•TSB 155/24750 Include mitigation techniques that may be required to assist with 10G operation

•Class F to be pushed to 1000/1200MHz to an new Augmented Class

Class D / Category 5

Class C / Category 3

Category 4

Class D / Category 5e

Class E / Category 6

Class Ea / Category 6a (2008)

Class F / Category 7

Class Fa / Category 7a (2008)

16 20 100 250 500 600 1000 MHz

Cabling 
Standards

Quùa trình phaùt trieån cuûa maïng caùp
(Cabling Evolution)
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Chương 1-71

NOÄI DUNG

Truyeàn daãn coù daây (Wire Media)
Truyeàn daãn khoâng daây (Wireless Media)
Delay trong truyeàn daãn vaø dung löôïng keânh 
truyeàn
Caùc chuaån giao tieáp lôùp vaät lyù : RS232, RS422, 
RS485
Caùc kyõ thuaät maõ ñöôøng truyeàn (line codes)
Ñieàu cheá vaø giaûi ñieàu cheá soá.
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Chương 1-72

1.2 Truyền dẫn khoâng daây
(Wireless Media)

Vi Ba Veä Tinh (Satellite Microwave)
Vi Ba Maët Ñaát (Terrestrial Microwave)
Hoàng Ngoaïi (Infrared)
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Chương 1-73

Vi Ba Veä Tinh 
(Satellite Microwave)

Goùc 
ngaång
Goùc ngaång

Tieáp tuyeán 
ngang

Xích ñaïo

Goùc ngaång EL

( 90- EL ) o

Goùc nghieâng
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Chương 1-74

ÖÙng duïng:
Phaùt thanh, truyeàn hình
Ñieän thoaïi ñöôøng daøi
Maïng caù nhaân (Private business network)

Baêng taàn: 
C Band: 4 (downlink) – 6 (uplink) GHz

Ñöôïc thieát laäp ñaàu tieân
Ku Band: 12 (downlink) – 14 (uplink) GHz

Deã bò aûnh höôûng bôûi möa
Ka Band: 19 (downlink) – 29 (uplink) GHz

Thieát bò söû duïng ôû daõi taàn soá naøy raát ñaét tieàn

Vi Ba Veä Tinh 
(Satellite Microwave)
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Chương 1-75

Vi Ba Maët Ñaát 
(Terrestrial Microwave)
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Chương 1-76

ÖÙng duïng:
Caùc dòch vuï ñieän thoaïi ñöôøng daøi
Heä thoáng truyeàn daãn (common carriers)
Maïng caù nhaân (private network)

Đặc ñieåm:
Söû duïng soùng maët ñaát
Line-of-sight
Daõi taàn soá hoaït ñoäng töø 2 – 40GHz
Nhaïy vôùi vaät chaén vaø söï thay ñoåi cuûa moâi tröôøng (möa, …)

Vi Ba Maët Ñaát 
(Terrestrial Microwave)
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Chương 1-77

Söû duïng soùng aùnh saùng ñeå truyeàn tín hieäu
Caùc thieát bò thu phaùt phaûi khoâng bò che chaén
Ứng dụng:

Duøng ñeå truyeàn taûi thoâng tin trong maïng nhoû. 
Ví dụ töø maùy tính sang maùy tính, maùy tính sang ñieän thoaïi,

ñieän thoaïi vôùi ñieän thoai v.v..

Hoàng Ngoaïi
(Infrared)
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Chương 1-78

NOÄI DUNG

Truyeàn daãn coù daây (Wire Media)
Truyeàn daãn khoâng daây (Wireless Media)
Delay trong truyeàn daãn vaø dung löôïng keânh 
truyeàn
Caùc chuaån giao tieáp lôùp vaät lyù : RS232, RS422, 
RS485
Caùc kyõ thuaät maõ ñöôøng truyeàn (line codes)
Ñieàu cheá vaø giaûi ñieàu cheá soá.
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Chương 1-79
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Chương 1-80

1.3 Delay trong truyeàn daãn vaø dung 
löôïng ñöôøng truyeàn 

Delay trong truyeàn daãn 
Dung löôïng ñöôøng truyeàn)
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Chương 1-81

Round-trip delay : laø khoaûng thôøi gian trì hoaõn giöõa bit ñaàu 
tieân cuûa khoái döõ lieäu phaùt vaø thôøi ñieåm ñaàu phaùt nhaän ñöôïc 
bit sau cuøng cuûa tín hieäu traû lôøi töø ñaàu thu. Khoaûng thôøi gian 
naøy phuï thuoäc vaøo a vôùi :

a= Tp/Tx 
Tp : treã lan tuyeàn = S / V.
Tx : treã truyeàn data = N / R

Delay trong truyeàn daãn 
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Chương 1-82

Ví duï :
Moät khoái döõ lieäu 1000 bit ñöôïc truyeàn giöõa 2 DTE. Cho bieát 
Round trip delay do loaïi treã naøo quyeát ñònh trong caùc tröôøng 
hôïp sau :
a. 2 DTE keát noái baèng caùp xoaén ôû khoaûng caùch 100m, toác ñoä
truyeàn data 10Kbps.
b. 2 DTE keát noái baèng caùp ñoàng truïc ôû khoaûng caùch 10km, toác 
ñoä truyeàn data 1Mbps.
c. 2 DTE keát noái qua khoâng gian khoaûng caùch 5000km, toác ñoä
truyeàn data 10Mbps.
Giaû söû toác ñoä lan truyeàn cuûa tín hieäu trong moâi tröôøng laø 2.108

m/s.

Delay trong truyeàn daãn 
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Chương 1-83

Tín hieäu truyeàn treân ñöôøng truyeàn thöôøng bò aûnh höôûng bôûi 
caùc nhaân toá sau : Suy hao (attenuation), meùo (distortion) vaø
nhieãu (noise)
a. Trong moâi tröôøng lyù töôûng, theo Nyquist :

C = 2Blog2M (bps).
b. Trong moâi tröôøng thöïc teá , theo Claude Shannon:

C = Blog2(1+S/N) (bps).
B: Baêng thoâng keânh truyeàn.
M : Soá kyù hieäu khaùc nhau.
S/N: Tyû soá tín hieäu / nhieãu.
C: dung löôïng keânh truyeàn ( toác ñoä bit cöïc ñaïi cho pheùp 
truyeàn khoâng bò loãi)

Dung löôïng ñöôøng truyeàn 
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Chương 1-84

Ví duï :
Tính toác ñoä bit truyeàn toái ña treân ñöôøng daây ñieän thoaïi thoâng 
thöôøng, bieát raèng baêng thoâng cuûa keânh thoaïi töø 300 – 3400 
Hz.Tín hieäu truyeàn treân ñöôøng truyeàn laø tín hieäu daõi neàn vôùi 2 
möùc.
a. Trong tröôøng hôïp ñöôøng truyeàn lyù töôûng.
b. Tröôøng hôïp ñöôøng truyeàn coù S/N=35dB.

Delay trong truyeàn daãn 
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Chương 1-85
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Chương 1-86

NOÄI DUNG

Truyeàn daãn coù daây (Wire Media)
Truyeàn daãn khoâng daây (Wireless Media)
Delay trong truyeàn daãn vaø dung löôïng keânh 
truyeàn
Caùc chuaån giao tieáp lôùp vaät lyù : RS232, RS422, 
RS485
Caùc kyõ thuaät maõ ñöôøng truyeàn (line codes)
Ñieàu cheá vaø giaûi ñieàu cheá soá.
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Chương 1-87

1.4 Caùc chuaån giao tieáp lôùp vaät lyù
(Physical Interface Standards)

RS232
RS422
RS485
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Chương 1-88

1.4 Caùc chuaån giao tieáp lôùp vaät lyù
(Physical Interface Standards)

Noäi dung caùc chuaån giao tieáp lôùp vaät lyù :
Xaùc ñònh daïng tín hieäu ñöôïc truyeàn ñi
Xaùc ñònh caùc keát noái vaät lyù.
Phöông thöùc truyeàn tín hieäu
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Chương 1-89

1.4 Caùc chuaån giao tieáp lôùp vaät lyù
(Physical Interface Standards)

DTE DTE

host computer terminal

interface interface

modem modem

DCE
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Chương 1-90

Keát noái vaät lyù (mechanical specifications): söû duïng coång keát 
noái DB25 (ISO 2110) hoaëc DB9

RS232

DB-25 Female

DB-25 Male
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Chương 1-91

Tín hieäu RS232

RS232
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Chương 1-92

Giao tieáp veà ñieän ñoái vôùi döõ lieäu 

Bit 1 -15 : -3V

Bit 0 > +3V : +15
Giao tieáp veà ñieän ñoái vôùi tín hieäu ñieàu khieån

Off -15 : -3V

On > +3V : +15
Toác ñoä truyeàn < 20Kbps vôùi khoaûng caùch < 15m

RS232
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Chương 1-93

RS232

Odd Parity

Even Parity

No Parity
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Chương 1-94

RS232
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Chương 1-95

RS232
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Chương 1-96

RS232
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Chương 1-97

NULL Modem

RS232
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Chương 1-98

NULL Modem

RS232
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Chương 1-99

Tín hieäu caân baèng (balanced signal)
Söï thay ñoåi caùc bit truyeàn döïa vaøo söï thay ñoåi ñieän aùp treân caû
2 daây tín hieäu

Bit 1 + V vaø -V
Bit 0 -V vaø +V

Öu ñieåm: trieät nhieãu ñoàng pha (common-mode noise)

RS-422A / V.11
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Chương 1-100

RS-422A / V.11
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Chương 1-101

RS-485

Cho pheùp giao tieáp ña ñieåm theo daïng bus. Soá traïm slave coù
theå leân ñeán 255.
Khoûang caùch toái ña 1200m vôùi toác ñoä 100kbps
Khoûang caùch 15m vôùi toác ñoä leân ñeán 10Mbps
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Chương 1-102

RS-485

Truyeàn baùn song coâng khi söû duïng 2 daây vaø song coâng khi söû
duïng 4 daây.
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Chương 1-103

RS-485
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Chương 1-104

RS-485

Tín hieäu:
Truyeàn theo kieåu caân baèng treân hai daây A,B
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Chương 1-105

RS-485

Tín hieäu:
Dö lieäu:

Bit 0 (Space): VB >VA

Bit 1 (mark): VB<VA

Ñieàu khieån:
OFF: VB >VA

ON: VB<VA

-7V < Ñieän aùp treân moãi daây A,B < 12V
1.5V < Ñieän aùp sai leäch giöõa 2 daây A,B< 5V

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

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

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


Chương 1-106

RS-485

Tín hieäu:
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Chương 1-107

RS-485

Tín hieäu:
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Chương 1-108

NOÄI DUNG

Truyeàn daãn coù daây (Wire Media)
Truyeàn daãn khoâng daây (Wireless Media)
Delay trong truyeàn daãn vaø dung löôïng keânh 
truyeàn
Caùc chuaån giao tieáp lôùp vaät lyù : RS232, RS422, 
RS485
Caùc kyõ thuaät maõ ñöôøng truyeàn (line codes)
Ñieàu cheá vaø giaûi ñieàu cheá soá.
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Chương 1-109

1.5 Maõ ñöôøng daây
(Line Codes)

NRZ (Non Return Zero)
RZ (Return Zero)
Biphase
AMI (Alternate Mark Inversion)
HDB3 (High Density Bipolar 3)
B8ZS (Bipolar With 8 Zeros Substitution)
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Chương 1-110

1.5 Maõ ñöôøng daây
(Line Codes)

Caùc thoâng soá caàn quan taâm trong quaù trình maõ hoaù ñöôøng 
daây :

Phoå tín hieäu 
Khoâng coù thaønh phaàn taàn soá cao giaûm bôùt baêng thoâng 
tín hieäu 
Khoâng coù thaønh phaàn DC cho pheùp gheùp ac baèng 
bieán theá, taïo söï caùch ly toát

Thoâng tin ñoàng boä (clocking)
Ñoàng boä giöõa maùy phaùt vaø maùy thu
Duøng clock ngoaøi
Taïo cô cheá ñoàng boä döïa treân tín hieäu 
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Chương 1-111

1.5 Maõ ñöôøng daây
(Line Codes)

Phaùt hieän sai
Coù theå ñöôïc xaây döïng döïa vaøo maõ hoaù tín hieäu 

Giao thoa tín hieäu vaø tính mieãn nhieãu
Moät soá maõ toát hôn caùc maõ khaùc 

Chi phí vaø ñoä phöùc taïp
Toác ñoä caøng cao thì chi phí caøng cao
Moät soá maõ caàn toác ñoä tín hieäu cao hôn toác ñoä döõ lieäu
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Chương 1-112

1.5 Maõ ñöôøng daây
(Line Codes)

Caùc loaïi maõ thöôøng duøng
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Chương 1-113

NRZ 
(Non Return Zero)

NonReturn to Zero-Level (NRZ-L)
Coù 2 möùc ñieän aùp cho bit 0 vaø bit 1
Ñieän aùp haèng trong suoát thôøi gian bit, khoâng trôû veà möùc 
ñieän aùp 0V 
Thoâng thöôøng thì ñieän aùp aâm cho bit 1 vaø aùp döông cho bit 
0
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Chương 1-114

NRZ 
(Non Return Zero)

NonReturn to Zero Inverted
Ñaûo daáu cho bit 1
Ñieän aùp haèng trong suoát thôøi gian bit, khoâng trôû veà möùc 
ñieän aùp 0V
Caïnh xung ñaùnh daáu bit khoâng coù caïnh xung ñaùnh daáu bit 
0
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Chương 1-115

NRZ 
(Non Return Zero)

Öu vaø nhöôïc cuûa NRZ 
Öu

Deã daøng thöïc hieän
Söû duïng baêng thoâng toát

Nhöôïc
Coù thaønh phaàn DC
Thieáu khaû naêng ñoàng boä

Ñöôïc söû duïng trong maùy ghi töø
Thöôøng khoâng ñöôïc söû duïng cho truyeàn daãn
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Chương 1-116

RZ
(Return Zero)

Maõ RZ : 
Duøng 3 möùc ñieän aùp +V,0,-V.
Tín hieäu thay ñoåi trong khoaûng 1 bit.
Bit 1 thay ñoåi töø +V -> 0. 
Bit 0  thay ñoåi töø –V->0

Öu : Ñaûm baûo Clock ñeå ñoàng boä bit toát.
Khuyeát : Baêng thoâng roäng.

0     1     0     0     0   1
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Chương 1-117

Biphase

Maõ Biphase
Tín hieäu thay ñoåi ñieåm giöõa moãi bit nhöng khoâng veà 0.

Manchester
Luoân coù söï thay ñoåi traïng thaùi taïi vò trí giöõa cuûa chu 
kyø bit.
Bit 1 ñöôïc maõ hoaù –V->+V
Bit 0 ñöôïc maõ hoaù +V->-V
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Chương 1-118

Biphase

Manchester Vi sai 
Töông töï nhö maõ hoaù Manchester, ñaûo möùc taïi 
ñieåm giöõa cuûa chu kyø bit.
Tuy nhieân söï thay ñoåi möùc tín hieäu taïi vò trí baét ñaàu 
cuûa chu kyø bit chæ xaûy ra neáu bit ñoù laø bit 0.
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Chương 1-119

Biphase

Öu, khueát ñieåm cuûa maõ maõ Biphase
Öu ñieåm

Ñoàng boä ôû caïnh xung giöõa bit
Khoâng coù thaønh phaàn DC
Phaùt hieän sai : Khi coù söï coù maët cuûa caïnh xung khoâng 
mong muoán

Nhöôïc ñieåm
Ít nhaát coù 1 caïnh xung cho moãi bit
Toác ñoä ñieàu cheá cöïc ñaïi gaáp 2 laàn NRZ
Caàn baêng thoâng roäng hôn
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Chương 1-120

AMI
(Alternate Mark Inversion)

Maõ AMI löôõng cöïc
Bit 0 ñöôïc bieåu dieãn bôûi möùc 0V
Bit 1 ñöôïc bieåu dieãn bôûi möùc +V hoaëc  –V sao cho cöïc 
tính cuûa caùc bit 1 gaàn nhau nhaát luoân phieân thay ñoåi.
Öu ñieåm

Khoâng maát ñoàng boä neáu coù 1 chuoãi bit 1
Khoâng coù tích luyõ thaønh phaàn DC
Baêng taàn thaáp
Deã phaùt hieän sai

Khuyeát ñieåm 
Khoâng ñaûm baûo ñoàng boä bit neáu chuoãi bit 0 keùo daøi.
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Chương 1-121

AMI
(Alternate Mark Inversion)

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

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

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


Chương 1-122

AMI
(Alternate Mark Inversion)

Pseudoternary
Bit 1 ñöôïc bieåu dieãn bôûi khoâng coù tín hieäu treân ñöôøng 
truyeàn
Bit 0 ñöôïc bieåu dieãn baèng caùc thay ñoåi luaân phieân xung 
döông vaø xung aâm
Khoâng coù öu hay nhöôïc so vôùi AMI
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Chương 1-123

AMI
(Alternate Mark Inversion)
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Chương 1-124

HDB3
( High Density Bipolar 3 )

Kieåu maõ hoaù naøy gioáng vôùi kieåu maõ hoaù AMI ngoaïi tröø moät 
ñaëc ñieåm laø neáu trong chuoãi döõ lieäu phaùt coù 4 bit 0 lieân tieáp 
thì seõ ñöïôc maõ hoaù thaønh x00V. Vôùi 

X = 0 Neáu toång soá bit 1 giöõa 2 maõ V gaàn nhau nhaát laø soá
leû.
X= B Neáu toång soá bit 1 giöõa 2 maõ V gaàn nhau nhaát laø soá
chaün.

‘B’ñaûo cöïc so vôùi bit 1 gaàn nhaát tröùôc noù (ñuùng luaät maõ 
AMI).
‘V’ (violation) ñöôïc maõ hoaù cuøng cöïc tính so vôùi bit 1 
gaàn nhaát tröôùc ( vi phaïm luaät maõ AMI)
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Chương 1-125

HDB3
( High Density Bipolar 3 )
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Chương 1-126

HDB3
(Bipolar With 8 Zeros Substitution)

Maõ B8ZS
Neáu trong chuoãi döõ lieäu phaùt coù 8 bit 0 lieân tieáp thì seõ 
ñöïôc maõ hoaù thaønh chuoãi bit laø 000VB0VB. Trong ñoù:

Löu yù: Trong chuoãi bit phaùt söû duïng kieåu maõ hoaù naøy 
chæ coù toái ña 7 bit 0 lieân tieáp.
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Chương 1-127

Haïn cheá cuaû maõ nhò phaân ña möùc
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Chương 1-128

Haïn cheá cuaû maõ nhò phaân ña möùc

Khoâng hieäu quaû baèng NRZ
Moãi thaønh phaàn tín hieäu bieåu dieãn chæ 1 bit
Trong heä thoáng 3 möùc coù theå bieåu dieãn log23=1.58bits
Maùy thu phaûi phaân bieät ñöôïc 3 möùc tín hieäu 
Caàn coâng suaát cao hôn 3dB vôùi cuøng xaùc suaát loãi bit
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Chương 1-129

Haïn cheá cuaû maõ nhò phaân ña möùc
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Chương 1-130

Ví duï

Cho chuoãi dö lieäu sau:
101000011100000000100001

Veõ maõ ñöôøng truyeàn cuûa caùc loïai maõ sau RZ, NRZ, 
MANCHESTER, AMI, HDB3, B8ZS
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Chương 1-131

NOÄI DUNG

Truyeàn daãn coù daây (Wire Media)
Truyeàn daãn khoâng daây (Wireless Media)
Delay trong truyeàn daãn vaø dung löôïng keânh 
truyeàn
Caùc chuaån giao tieáp lôùp vaät lyù : RS232, RS422, 
RS485
Caùc kyõ thuaät maõ ñöôøng truyeàn (line codes)
Ñieàu cheá vaø giaûi ñieàu cheá soá.
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Chương 1-132

1.6 Kyõ thuaät ñieàu cheá soá
(Digital Modulation)

ASK (Amplitude Shift Keying)
FSK (Frequency Shift Keying)
PSK (Phase Shift Keying)
QAM( Quadrature Amplitude Modulation)
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Chương 1-133

ASK 
(Amplitude Shift Keying)

Bieåu thöùc tín hieäu ASK:
Daïng soùng: 

( )ASK o ov t A A d t t( ) . ( ) .cos= + Δ ω +Φ⎡ ⎤⎣ ⎦
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Chương 1-134

ASK 
(Amplitude Shift Keying)

Phöông phaùp ñieàu cheá: 

Ñieàu cheá caân 
baèng

D(t)

A0 cosωt ASK
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Chương 1-135

ASK 
(Amplitude Shift Keying)

Phöông phaùp Giaûi ñieàu cheá
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Chương 1-136

ASK 
(Amplitude Shift Keying)

Phoå cuûa ASK:

Baêng thoâng :

ASK o o ov t A t A d t t( ) cos( ) . ( ).cos( )= ω + Φ + Δ ω + Φ

b
b

B f
T

≈ =
2 2

fb: Toác ñoä bit cuûa luoàng soá
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Chương 1-137

ASK 
(Amplitude Shift Keying)

Ñaëc ñieåm:
Phöông phaùp ASK coù sô ñoà raát ñôn giaûn, ñöôïc söû duïng chuû
yeáu trong kyõ thuaät ñieän baùo.
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Chương 1-138

FSK 
(Frequency Shift Keying)

Bieåu thöùc tín hieäu FSK:
Giaû söû hai taàn soá soùng mang ñöôïc choïn   vaø töông öùng vôùi 
chuoãi bit b(t) nhö sau:

khi b(t) = Luaän lyù 1 (hoaëc d(t) = +1)
khi b(t)  = Luaän lyù 0 (hoaëc d(t) = –1)

BFSK S ov t P d t t( ) .cos ( ).= ω + Δω⎡ ⎤⎣ ⎦2

BFSK S H H S L Lv t P p t t P p t t( ) . ( ).cos . ( ).cos= ω + ω2 2
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Chương 1-139

FSK 
(Frequency Shift Keying)

Daïng soùng: 
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Chương 1-140

FSK 
(Frequency Shift Keying)

Phöông phaùp ñieàu cheá: 
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Chương 1-141

FSK 
(Frequency Shift Keying)

Phöông phaùp Giaûi ñieàu cheá

Giaûi ñieàu cheá FSK kieåu khoâng keát hôïp
(non-coherent) 

Giaûi ñieàu cheá FSK kieåu keát hôïp
(coherent) 

Giaûi ñieàu cheá FSK duøng voøng khoùa pha
(PLL) 
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Chương 1-142

FSK 
(Frequency Shift Keying)

Phoå cuûa tín hieäu FSK

Baêng thoâng:  

b
b

B f
T

≈ =
44
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Chương 1-143

FSK 
(Frequency Shift Keying)

Ñaëc ñieåm:
Phöông phaùp FSK coù sô ñoà phöùc taïp hôn ASK, ñöôïc söû
duïng chuû yeáu trong modem truyeàn soá lieäu ( kieåu CCITT 
V21, CCITT V23, BELL 103, BELL 113, BELL 202) vaø
trong kyõ thuaät radio soá
Sai soá ít hôn phöông phaùp ASK
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Chương 1-144

PSK 
(Phase Shift Keying)
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Chương 1-145

BPSK 
(Binary Phase Shift Keying)

Bieåu thöùc tín hieäu PSK:

A laø bieân ñoä;       laø taàn soá
laø goùc pha ban ñaàu cuûa soùng mang

d(t) laø luoàng bit nhò phaân caàn truyeàn, vôùi qui öôùc d(t) = + 1 
neáu bit nhò phaân coù möùc luaän lyù 1 vaø d(t) = – 1 neáu bit coù
möùc luaän lyù 0

BPSK ov t A d t t( ) . ( ).cos( )= ω + Φ

Φ
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Chương 1-146

PSK 
(Phase Shift Keying)

Daïng soùng:
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Chương 1-147

PSK 
(Phase Shift Keying)

Phöông phaùp ñieàu cheá: 
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Chương 1-148

PSK 
(Phase Shift Keying)

Phöông phaùp Giaûi ñieàu cheá
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Chương 1-149

PSK 
(Phase Shift Keying)

Phoå cuûa tín hieäu PSK

Baêng thoâng:  B = 2.fb
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Chương 1-150

PSK 
(Phase Shift Keying)

Ñaëc ñieåm:
Sô ñoà ñieàu cheá PSK coù ñoä phöùc taïp trung bình, ñöôïc söû
duïng chuû yeáu trong kyõ thuaät radio soá
Sai soá ít hôn phöông phaùp FSK
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Chương 1-151

M-PSK 
(M-Phase Shift Keying)

Biểu thức: 
⎥⎦
⎤

⎢⎣
⎡ −

+=
M
itAtVo

)1(2sin)( 0
πω

Trong ñoù : 
i=1,2,…M
M=2N, soá traïng thaùi pha cho pheùp.

N= soá bit döõ lieäu caàn thieát ñeå xaùc ñònh 1 traïng thaùi pha M
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Chương 1-152

QPSK 
(QuadraturePhase Shift Keying)

Điều chế QPSK
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Chương 1-153

QPSK 
(QuadraturePhase Shift Keying)

Giải điều chế QPSK

Bộ khôi phục sóng mang
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Chương 1-154

8PSK 
(8 Phase Shift Keying)

Sô ñoà ñieàu cheá 8-PSK coù ñoä phöùc taïp cao, ñöôïc söû duïng chuû
yeáu trong modem truyeàn soá lieäu ( kieåu CCITT V27, BELL 
208) vaø trong kyõ thuaät radio soá.
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Chương 1-155

8PSK 
(8 Phase Shift Keying)

Sô ñoà ñieàu cheá 8-PSK coù ñoä phöùc taïp cao, ñöôïc söû duïng chuû
yeáu trong modem truyeàn soá lieäu ( kieåu CCITT V27, BELL 
208) vaø trong kyõ thuaät radio soá.
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Chương 1-156

QAM
Quadrature Amplitude Modulation
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Chương 1-157

QAM
Quadrature Amplitude Modulation

bfB
N

= 2
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