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Bits widened after some travel in fiber
Power seen by receiver (notice uncertainty of bit 0 at t;)
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(1) Chain network;
(2) Star network;
(3) Tree network;
(4) Ring network;

(5) Mesh network.
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For this kind of network topology all the
nodes are put in series with both ends open.

B:4:0 0

gy



Application situations:
Along railway, power line in which the
nodes are scattered in a long line.

Advantages:
Comparing with other network topology
applied in such network along railway,the

investment of lines can be more -

reduced.
Comparing with ring networks,services l

Disadvantages.:
on chain networks can not be protected.

N



In a communication network, if there is a special
node connected via direct routes with all other
nodes,this network is considered to have a star
or hub topological structure.

¢9



Application situations:

Star networks are mainly used in access networks
or rural telephone networks in which nodes are
scattered here and there and the services are not
very important.

Advantages:

Having the capability to manage bandwidth
resources comprehensively and flexibly.

Disadvantages.
At the hub node, potential bottle neck of bandwidth

resources and equipment failure may result in the
breakdown of the entire network.




Jree network

A tree topological structure can be considered
as the combination of chain and star structures.

o



Tree Network

Application Situations:

It is suitable for broadcast services.
Disadvantages.

Due to the bottle neck problem and the limitation of

optical power budget, it is not suitable in providing
bi-directional communication services.




Ring networks are such communication networks in
which all nodes are connected in series and the two
end nodes at both ends are connected together to
form a ring.




Application situations:

For its high survivabillity, ring network enjoys very
broad application in the networking of SDH
equipment.

Advantages:

High survivability: Services on ring networks can be
protected by using self-healing technology, so it is
widely used.

Disadvantages.:

To implement the self-healing ability,the NEs on
ring networks must be designed very complex.
The maintenance of ring networks becomes
complex,too.




Mesh networks are such communication
networks in which many nodes are interconnected
with each other via direct routes.
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Application Situations:

Mesh networks are suitable for the

regions with large traffic or/and high hierarchy
communication networks.

Advantages:

No bottle neck problem exists;Since more than
one routes can be selected between any nodes,
when any equipment fails, services can still be
transmitted smoothly through other routes. Thus,
the reliability of service transmission is
Increased.

Disadvantages.

Mesh networks are more complicated, costly and
difficult to manage.







the transmission of light in optical fiber is
commonly explained using the principle of

Acceptarice or_
c.'ntlcal cone CETCTETE

OIA



e Critical angle inside fiber is

n .
: cladding
o arcsm[ j

ncore

4 Confinement angle is the maximum angle
that a ray of light can have, measured
with respect to the axis of the fiber, in
order to propagate in the fiber.

» From geometry:
0

confinement

+6

crit

=90°



Acceptance Angle

1 Total angle over which light in the air at the
end of the fiber can propagate into the fiber.

1 Often the half-acceptance angle is used.
1 Angle measured from axis of the fiber

" e 2
NA A \/ncore ¥ ncladd



MM-SI
Multi-Mode
Step Index

MM-GI
Multi-Mode
Graded Index

refractive
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If the fiber core is very narrow compared to the
wavelength of the light in'use then the light cannot
travel in different modes and/thus the fiber'is called
“single-mode” or "monomode .

refractive
index

SM
Single-Mode

1Y



Limitations in Fibers

s Attenuation
- Absorption, Scattering
a Dispersion
- Modal, Chromatic, PMD
= Nonlinear effects
- SPM, XPM, FWM, SBS, SRS



Optical attenuation is the loss of signal

strength due to transmission along the
fiber.

Attenuation in optical fiber is caused by

, and by

Light can leak from a fiber that is coiled too
tightly or kinked

Microbends inside fiber jacket also cause
losses

1¢



caused by:

Varies'depending on wavelength







Losses due to absorption and scattering add

The primary factors affecting attenuation In
optical fibers are the length ofi the fiber and

the wavelength of the light.
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Attenuation {dBfkm)

i ) -1460-1530 8-band  1530-1565 C-band
— 1260-1360 O-band -
Standard water peak fibe 0 = Criginal
i E = Extended
_ S = Short
‘ '- f C = Conventional
‘* S :. |_ = LDHQ
. U = Ultra-long
Low water peak fiber
I I | | >
1 1.1 12 13 1.4 15 16 1.7 Wavelength (pum)
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Dispersion

e the laser light consists of a range of
wavelengths.

e Modulation of the light also increases its
bandwidth.

e Different wavelengths propagate at
slightly different velocities in a fiber.

e A short pulse will become longer due to
pulse spreading (dispersion).

e When dispersion is too large, pulses run
together.



Max. opt. power

The received opt. power
A determines the recovered
bit stream: 1711

Receiver threshold
uncertainty

©
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B
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Bit-stream at launching in fiber
Bits widened after some travel in fiber
Power seen by receiver (notice uncertainty of bit 0 at t;)




Dispersion Types

e Modal Dispersion
e Chromatic Dispersion

o Polarization Mode Dispersion



Impulse entering the fiber Impulse exiting the fiber
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Modal dispersion in Graded-Index Fiber

Velocity is lowest in center of core, highest near its
edges.

The graded index increases the group velocity of higher-
order modes, relative to low-order modes, reducing
dispersion
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Dispersive fiber

OQutput
pulse

A



Long wavelength Short wavelength



c
2
7
B
]
=9
3]
(]

+

Material
Dispersion

Zero at 1.28 um

Total Dispersion

1.6 um

Waveguide Dispers-iaﬁ
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for C and L bands :

- lower attenuation
- operating wavelength is the same as that of
EDFA's
- but dispersion characteristics are severely
limiting
S0
. Dispersion-Shifted Fiber (DSF), G.653
5 Material and waveguide dispersion normally
cancel at about 1310 nm
5 This can be moved to 1550 nmi by using| a layered
core design

zero-dispersion point at 1550 nm
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Dispersion
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Zero at 1.55 um
i Y ~~— Total Dispersion

1.6 um
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Refractive index profile of the core for DSF

Single Mode
Dispersion Shifted
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So

Non-Zero Dispersion-Shifted Fibre Rl Profile




Designed so that dispersion remains; relatively
constant across the wuseful range of

wavelengths
Thisimakes compensating for dispersion easier

Refractive index profile of the core for dispersion-flattened fiber

Single Mode
Dispersion Flattened
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Dispersion (ps/nm-km)

Chromatic dispersion in single-mode fibers

Reduced dispersion slope
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fast polarization axis

slow polarization axis

time dela
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Nonlinear effects

Response of fiber to optical power is nonlinear.
Nonlinear effects appear when the power launched
into fiber is high.

- Change of Refractive index :
Self-Phase Modulation (SPM)
Cross-Phase Modulation (XPM)
Four-Wave Mixing (FWM)

- Stimulated Scattering:
Stimulated Brillouin Scattering (SBS)
Stimulated Raman Scattering (SRS)



Self-Phase Modulation (SPM)

i The presence of light in'a/fibre causes a/(tiny) change in the
Fefractive index of thefibre. This'Is because the electromagnetic field
that constitutes the/light actsion the atoms and molecules that;make
Up the glass. Thisiis called the Kerr Effect™.

o As a result of Kerr effects At different points within a single pulse of
light in the fibre the RI of the glass is different. So there is a (tiny)
difference between the RIs at the leading edge, at the trailing edge
and in the middle. This changes the phase of the lightwaves that
make up the pulse. Changes in phase amount to changes in
frequency. Therefore the frequency spectrum of the pulse is

broadened. SPM creates a “chirp” (a gradual shift in frequency) over
the whole duration of a pulse.



Cross-Phase Modulation (XPM)

, When there are multiple signals at different wavelengths in
the same fiber, Kerr effect caused by one signal can result in
phase modulation of the other signal(s). This is called “Cross-
Phase Modulation” (XPM) because it acts between multiple
signals rather than within a single signal. The result can be
asymmetric spectral broadening and distortion of the pulse
shape. It seems obvious that you can't have XPM without also
having SPM. All this of course means added noise.

= One channel modulates other light wavelengths by changing
the refractive index

= XPM only occurs in multi-channel links.



Four-Wave Mixing (FWM)

= FWM is combination of wavelengths to
produce new wavelengths

= Number of new wavelengths are /2*(N3-N2)
where N is the number of origina
wavelengths.

= If these products fall on top of another
channel they can cause problems




- Stimulated Brillouin Scattering is a scattering of light
backwards towards the transmitter caused by mechanical
(acoustic) vibrations in the transmission medium (fiber). The
reflected wave produced is called the “Stokes Wave”.

- The electromagnetic field of optical signal causes
mechanical vibrations in the fiber which produce a regularly
varying pattern of very slight differences in the refractive
index. The Brillouin Scattering effect is caused by light being
reflected by the diffraction grating created by the regular
pattern of RI changes. The reflected light is reflected
backwards from a moving grating.

AN



Stimulated Raman Scattering is caused by a similar
mechanism to the one whichfproduces SBS.
However, the interactions involved are due to
molecular vibrations rather than
acoustic ones. Scattered lightican appear in both
the forward and backward directions.

Excited atoms at high energy level, ,Ehigh

17 Stimulated emission

Eiopi— By = V!
Short-wavelength (Enigh = Emed )
source

P Residue emission (phonon)

Atoms at low enrgy level, Ejqw
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Due to the connections between atoms, the
displacement of one or more atoms from their
equilibrium positions will give rise to a set of
vibration waves propagating through the
lattice.

Phonon: quantum of vibrational energy.




In real solids, there are two types of phonons:
“acoustic” phonons and "optical™ phonons. "Acoustic
phonons”, have frequencies that become small at the
long wavelengths, and correspond to sound waves in
the lattice. Longitudinal and transverse acoustic
phonons are often abbreviated as LA and TA phonons,
respectively-:

“Optical phonons,” which arise in crystals that have
more than one atom in the unit cell, always have some
minimum frequency of vibration, even when their
wavelength is large. They are called "optical™ because in
ionic crystals (like sodium|chloride) they are excited
very easily by light (in fact, infrared radiation). This is
because they correspond to a mode of vibration where
positive and negative ions at adjacent lattice sites swing
against each other, creating a time-varying electrical
dipole moment

9)



Large Effective Area Fiber (LEAF)

e Effective area larger than conventional
NZ—-DSFs (80um2 compared to 55 uma2).

e This allows more power to be pumped
through the fiber and minimizing the non-
linear effects.



Dispersion Compensation Module
(DCM)



pulse broadening

| | | | | | due to dlSpEI‘SIGI‘I

Input Pulses

- I i
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Chromatic Dispersion Compensation Methods

- Dispersion Compensating Fiber (DCF)
Negative & Positive Fiber
Circulator and Mirror

- Chirped Fiber Bragg Grating (CFBG)

- 2-mode Fibers



Dispersion
(ps/nm)

Dispersion

Dispersion for DCF

1540 15650

Max. operating level

Operating
dispersion
range

1560
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Mirror Dispersion
Compensating
Fiber

Amplifier Mpllflerg

Fiber Link
Circulator Fiber Link
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Circula
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Shorter Wavelenghts
Longer Wavelengths

Longer
Wavelengths Wavelengths

SWAS



LP0O1 mode LP02 mode

LP modes intensity pattern

99



D (ps/nm-Km)

LP01 mode dispersion

D(ps/nm-Km)

157
Wavelength (microns)

Legacy Fiber

Mode Converter
LP0O1 = LPO2

LP02 mode dispersion

= +17 ps/nm-km (Legacy Fiber)
=500 ps/inm-km (2-mode Fiber)

1.87

Wavelength {microns)

Legacy Fiber

Mode Converter
LP02 = LPO1




polarization beam Variable

O

Ad-plate

Principal

States (elliptical)
Ald-plate

polarization beam
combiner
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