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Optical communication systems

e Section 1:
1- Introduction to optical communication

2- Optical sources
3- Optical modulators

e Section 2:

4- Optical Fiber

5- Dispersion compensators

6- Optical couplers
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e Section 3

8- Optical detectors
9- Optical Multiplexer/Demultiplexe

10- Optical isolators and circulators
11- Wavelength Converters

12- Optical switches
13- Optical amplifiers
14- Optical attenuators
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Lasers and Modulators
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Fiber Bands

1460-1530 S-band

1260-1360 O-band

Standard water peak fib 0 = Criginal
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Low water peak fiber —

Wavelength {jum)

peak at 1400 nm due to the OH -ions in the
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Multiplexing:

S ) pawds Yy S (TDM)

T 90 Job il sy I (WDM)

b JUB b2 b 90 Jgb puil sy b (DWDM)
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(TDM) Slo j i (sl (o
(Time Division Multiplexing)

Signal Code ™ i fiber

By ey — Mux "S5 L 2 TV LT TS L 2 TOM

wavelength

20 g (0 03! TDM o &5 JSI gl o
STM-1: 155 Mbps
STM-4: 622 Mbps
STM-16: 2.5 Gbps
STM-64: 10 Gbps
STM-256:40 Gbps
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o - complex and costly
e - chromatic dispersion
e - nonlinear effects
o - Polarization Mode Dispersion
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(WDM) z 50 Job poamdi sty o
(Wavelength Division Multiplexing)
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Wavelength Multiplexing
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Converter
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by JUU (I b z 90 Jobr oamii sy (Ao
(DWDM)

Transmitter }\1 kl ..... }\N / 7\'1 Receiver
Transmitter Nultipx /[\ [\ [\ e Receiver

S
S

|/ |/ |/ multiplexer,
; }\N Power Line Preamplifier }"N .
Transmitter amplifier amplifier Receiver

number of wavelength channels > 16

Dense WDM —- DWDM
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G. 692 standard: 81 channel in C band (1530-1565 nm)
Channel spacing= 50 GHz(0.4 nm)

1460-1530 S-band

1260-1360 0-band
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transmission capacity growth

(8
=

# WDM-channels
o

0.01 0.1 1 10 100
Channel bitrate (Gb/s)
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Today Technology

1530 - 1560 nm window (C-band)
80 ~ 100 channels of 2.5 Gbps (50 GHz spacing)
32 ~ 40 channels of 10 Gbps (100 GHz spacing)

350 km transmission with 10 Gbps without regenerator
e three 90 km span, total 270 km

e four 80 km span, total 320 km

e five 70 km span, total 350 km

640 km transmission with 2.5 Gbps without regenerator
o three 120 km span, total 360 km

o five 100 km span, total 500 km

e eight 80 km span, total 640 km

Tomorrow Technology

1530 - 1600 nm window (C & L-bands)
100 ~ 200 channels of 2.5 Gbps
64 ~ 100 channels of 10 Gbps

After...
1480 1530 nm window b(x Raman amplification (S
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DWDM (sl <& g

Evolution of
WD

Ed+ channels
Latey, 2520 3H=z spacing

1990's
““I_é+_t:ﬁ;_3_nnél_5_ _'I_IiIEI:EDIII GHz spacing
1956 Dense WDM, integrated systems
—= with network management, add-drop functions.

2-8 channels
Earty Passive WDM

1990's
= 200-400 GHz spacing
Fazsive WDOM components/parts
2 channels
15980's AT .
Wideband WDM o
' 1310 nm, 1550 nm 3
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WDM Channel Market Forecast
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Five-Year Forecasts of Worldwide Shipments of WDM Channels ((HH)s)

2002 2003 2004 2005 2006
Access 4.4 [ 16.7 31.5 43.8
Metro 22.6 27.1 35.7 20.0 65.0
Long-Haul 126.7 135.5 154.6 179.6 207.6
TOTAL 153.7 170.1 207.0 261.1 316.4

Worldwide Shipments of WDM

Channels (2002)

44 228

153.7

M. A.Mansouri

B MNumber of access
channels shipped
(000s)

B MNumber of metrs
channels shipped
(000s)

OMumbser of LH
channels shipped
(000s)

OTatal optical
channils {O005)

Worldwide Shipments of WDM
Channels (000s) 2006

316.4

Inrtroduction

43.8

65.0

207 .6
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O Total optical
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