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Self-Phase Modulation

• For a pulse of p(t) in electric field, without 
dispersion, it becomes 

• What is 

( )2
eff |)(|exp)( tpLjtp γ

effL

Loss coefficient of α

Cross-Phase Modulation
• From another wavelength or pulse, without dispersion

( )2
2eff1 |)(|exp)( tpLjtp γ

The channel itself

Another channel

After some distance

walk-off

Initial @ launched position

With dispersion and walk-off
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Four-Wave Mixing

• The combined power of two wavelengths 
is

P = |E1ejω1t + E2ejω2t|2 = E1
2 + E2

2 + 2E1E2cos(ω1−ω2)t

• Kerr effect give E3ejγP or

ω3

ω3 +ω1−ω2
ω3 −ω1+ω2

Self-Phase Modulation
Spectral Broadening

• Calculation (for Gaussian pulse)

( )2
eff |)(|exp)( tpLjtp γ
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Pulse Evolution

Soliton
Balancing Self-Phase Modulation and Dispersion

• A sech pulse of sech(t)
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Cross-Phase Modulation
Spectral Shift

Without dispersion/Depending on temporal overlap

Pump

Probe

Walk-Off Effects
Equivalent pulse 
Assuming without walk-off

∑ −=
k k kTtqbt )()(XPMφ

Ignored pulse overlap
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Spectral Broadening 
Random binary OOK pump

3 ps/nm/km17 ps/nm/km

Phase to Intensity Noise Conversion 
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Four-Wave Mixing

• Ask Jen-An Huang

Intrachannel Cross-Phase Modulation
Timing Jitter for OOK Signal

At the transmitter

After some distance

Frequency chirp

With dispersion compensation (Timing Jitter)
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Timing Jitter

Intrachannel Four-Wave-Mixing
At the transmitter

After some distance

+1     The same phase  +1

+1     Opposite phase  -1

Disclaimer: For illustration purpose, the actual physics is far more 
complicated than this simple picture.
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IFWM & IXPM

z = 0 km

z = 5 km, opposite phase

z = 5 km, same phase

z = 5 km, difference

z =10 km, difference
T0 = 5 ps
D = 17 ps/km/nm
T = 25 ps

Ghost Pulses from IFWM


