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1.3 W-1/km

• 40 Gbit/s system
• 5 ps Gaussian pulses
• After 1.8 km
• BER < 10-14

The pulses broadening is about  ββββ2 / T0 per kilometer



Full Dispersion CompensationFull Dispersion CompensationFull Dispersion CompensationFull Dispersion CompensationFull Dispersion CompensationFull Dispersion CompensationFull Dispersion CompensationFull Dispersion Compensation

• 40 Gbit/s system
• 5 ps Gaussian pulses
• 100 km Span
• After 1200 km
• BER < 10-9

G.652 Fiber «» 100 km
Amplifier

Full-Dispersion
Compensation

Fiber Nonlinearities Limit the Maximum 
Transmission Distance to 1200 km
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Nonlinear SchrNonlinear SchrNonlinear SchrNonlinear SchrNonlinear SchrNonlinear SchrNonlinear SchrNonlinear Schröööööööödinger Equationdinger Equationdinger Equationdinger Equationdinger Equationdinger Equationdinger Equationdinger Equation

Solution of the form u = u0 + ∆∆∆∆u

Linear solution
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Due to the chromatic dispersion u1⋅⋅⋅⋅ u2 ≠≠≠≠ 0
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Single Pulse Propagation

SelfSelfSelfSelfSelfSelfSelfSelf--------Phase ModulationPhase ModulationPhase ModulationPhase ModulationPhase ModulationPhase ModulationPhase ModulationPhase Modulation
Sequence Propagation

After 1200 km

The SPM effect is not the main 
degradation effect
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Dispersion + IXPM

{ }22
21

2
12

2
2 uuuuγiu

2t
u

2
i

z
u ⋅+⋅⋅⋅=∆⋅α+

∂
∆∂⋅β⋅+

∂
∆∂



IIIIXPMXPMXPMXPMIXPMIXPMIXPMIXPM

Timing 
Jitter
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Dispersion + IFWM
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Shadow Pulses
Amplitude Fluctuations
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Soliton Regime

Pseudo-Linear Regime
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Dispersion Compensated 
Span-by-Span

Dispersion Compensated 
Before the Receiver
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Without Pre-Chirp

Eye DiagramsEye DiagramsEye DiagramsEye Diagrams
After 1200 kmAfter 1200 kmAfter 1200 kmAfter 1200 km

With Pre-Chirp



ConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusions
Intra-Channel Nonlinear Effects Induce Pulse 
Distortion (SPM), Timing Jitter (IXPM), Shadow 
Pulses and Amplitude Fluctuations (IFWM) 

A Pre-Chirp and Post-Chirp Technique Allows to 
Operate in the Highly Dispersive Regime in All-Optical 
Networks

Intra-Channel Nonlinear Effects Can Be Mitigated 
Operating in the Pseudo-Linear Regime


