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Optical Backbones: Submarine Cable

Uninterrupted 39,000 km cable

https://bbmaps.itu.int/bbmaps/
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EM Waves Spectrum
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Optical Backbones

The bit-rate Rb is of the order of hundreds of Gbit/s

Internet

Source

Node

Destination

NodeOptical Link

Optical

TX

Optical

RX
Optical Fiber
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Optical Link Technology

Key Components: LASER and Photodetector (photodiode)

Fibert

v(t) DATA Input v(t) LASER

diode

t

E(t)
Optical Signal

Fiber

PR

( )
0


T

dt
z(t)

t

z(t) DATA Output

p-i-n

Photodetector

Amp

Driver

PT

I(t)



El
ec

tr
o

n
ic

 a
n

d
 C

o
m

m
u

n
ic

at
io

n
 T

e
ch

n
o

lo
gi

e
s 

   
   

   
   

 C
yb

er
se

cu
ri

ty

Marco Luise
Fiber Optic Communications

6

Dip. Ingegneria dell’Informazione
University of Pisa, Pisa, Italy

	

Optical Fibers…

How does it work?
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The Fiber Lamp and Snell’s Law

Lamp Plastic Fiber

Air

n1

n2
Plastics/Glass
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The MultiMode Step-Index (MM-SI) Optical Fiber

n1

n2

Core

Cladding

50 mm

125 mm
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Multi-Mode !

n1

n2

Core

Cladding

50 mm

125 mm
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Fiber Cable
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Numerical Aperture
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InterModal Dispersion

n1

n2

DATA Input

T

DATA Output

t1 t2

t2 –t1=Dt
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Step-Index vs. Graded-Index Fibers
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Curved Rays in MM-GI Fibers

n1

n1-Dn

n1-2Dn

n2
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Stil Intermodal Dispersion, but…
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Chromatic (Intra-Modal) Dispersion



El
ec

tr
o

n
ic

 a
n

d
 C

o
m

m
u

n
ic

at
io

n
 T

e
ch

n
o

lo
gi

e
s 

   
   

   
   

 C
yb

er
se

cu
ri

ty

Marco Luise
Fiber Optic Communications

17

Dip. Ingegneria dell’Informazione
University of Pisa, Pisa, Italy

	

Pulse Broadening
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Limitation Due to Intramodal Dispersion
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Variability of D
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Why 1.55 ?
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The Light-Emitting Diode (LED)
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Spontaneous Emission

Before Interaction After Interaction

E2

E1

E2

E1

hf0

hf0
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Stimulated Emission

It s the basis of Light Amplification through Stimulated Emission of Radiation: LASER

Before Interaction After Interaction

E2
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Fabry-Pérot LASER
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Semiconductor Lasers for Optical Communications
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Semiconductor Lasers for Optical Communications
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The p-i-n Photodiode
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Absorption

Before Interaction After Interaction

hf0

E2

E1

E2

E1

hf0



El
ec

tr
o

n
ic

 a
n

d
 C

o
m

m
u

n
ic

at
io

n
 T

e
ch

n
o

lo
gi

e
s 

   
   

   
   

 C
yb

er
se

cu
ri

ty

Marco Luise
Fiber Optic Communications

29

Dip. Ingegneria dell’Informazione
University of Pisa, Pisa, Italy

	

The p-i-n Photodiode - structure
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DFB Laser
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Multi-Hop Backbones

Transparent

Regenerative

TX  OA  OA RX

TX RXRX TX RX TX
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Optical Amplifiers

Pump

LASER

Isolator

Optical Coupler isolatore

EDFA IN EDFA OUT

Erbium-Doped 

Fiber

Pin
Poutl0

lp
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EDFA
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Usage of Optcal Amplifiers

• Booster

• Pre-Amplifier

• (Transparent)
Repeater

TX  OA

RX OA

TX  OA  OA RX
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WIRED Systems for the Transport Network

Optical (D)WDM
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Why Transparent? WDM !

• COARSE WDM (CDWM): Few channels, high Df

• DENSe WDM (DWDM): Many channels, low Df



DWDM Channel  Spacing (ITU 100 GHz)
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