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Announcements

 Homework #4 is assigned, due March 25th



Fiber dispersion and compensation

 Review of fiber modes 

 Sources of dispersion
» Modal dispersion

» Material dispersion

» Waveguide dispersion

» Polarization dispersion

» Nonlinear dispersion

 Dispersion compensation techniques
» Dispersion engineered fibers

» Pre-chirp technique

» Dispersion compensating fibers

» Chirped fiber Bragg grating

» Tunable dispersion compensation



Guided-wave analysis

a
core

cladding

for  < a

for  > a

n1

n2



Guided-wave analysis

(credit: G. Agrawal)



Guided-wave analysis

(credit: G. Agrawal)



Guided-wave analysis

(credit: G. Agrawal)



Bessel function basics
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Bessel functions of the first kind Modified Bessel functions of 

the second kind



Eigen-value equation

(credit: G. Agrawal)



Eigen-value equation

(credit: G. Agrawal)



Eigen-value equation

(credit: G. Agrawal)



Fundamental modes



Fundamental modes



Fundamental modes

(credit: G. Agrawal)



Sources of dispersion in optical fiber

 Modal dispersion
• Occurs in multimode fibers coming from differences in group velocity for 

different modes

 Material dispersion
• Results from the wavelength dependence of the bulk refractive index

 Waveguide dispersion
• Results from the wavelength dependence of the effective index in a 

waveguide

• Material + waveguide dispersion is termed chromatic dispersion

 Polarization mode dispersion
• Results from the fact that different polarizations travel at different speeds 

due to small birefringence that is present

 Nonlinear dispersion – an example is self-phase modulation



Modal dispersion

 Modal dispersion occurs in multimode fibers as a result of differences in 

the group velocities of the various modes.

 A single pulse of light entering an M-mode fiber spreads into M pulses.

 Estimate of pulse spread

– Where vmin and vmax are the smallest and largest group velocity of the modes.
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Modal dispersion

 For multimode step-index fiber,
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 For multimode graded-index fiber,

(see chapter 9 S&T)
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 Spread of wave packet after traveling a distance L through 

a dispersive material

Material dispersion

 = Dm*L*



Waveguide dispersion



Waveguide dispersion

m : material delay

w : waveguide delay

Waveguide dispersion!



Waveguide dispersion



Chromatic dispersion of SMF

 Chromatic dispersion is the combination of material and waveguide 

dispersion in single-mode fiber (made of fused silica)

at 1.312 mm, 

dispersion is zero

at 1.55 mm, 

D=+17ps/km-nm



Dispersive pulse broadening



Polarization mode dispersion (PMD)

LP01 has two polarization modes  - Degeneracy is removed by 

birefringence.
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Nonlinear dispersion:  Self phase 

modulation
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Nonlinearity results in

creating a frequency 

chirp in the pulse.  For 

a Gaussian pulse we 

have
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Dispersive pulse broadening
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Dispersion compensation

• Pre-chirp technique

• Dispersion engineered fibers

• Dispersion compensating fibers

• Chirped fiber Bragg grating

• Tunable dispersion compensation



Pre-chirp technique



Dispersion engineered fiber



Dispersion engineered fiber

• No dispersion at 1550nm

• But strong Four-Wave-Mixing cross-talk

• Need non-zero dispersion shifted fibers



Dispersion engineered fiber

Non-zero dispersion shifted fibers



Dispersion compensating fibers

Typical index profile

of a DCF



Dispersion compensating fibers

Standard fiber Dispersion compensating fiber

Advantage:

• Fiber format

• Low cost

• Broadband

Disadvantage:

• Small mode field diameter

• Higher loss

DCF modules



Chirped fiber Bragg grating

Fiber Bragg Grating

Bragg condition:



Chirped fiber Bragg grating

How to make fiber Bragg gratings?



Types of fiber Bragg grating



Chirped fiber Bragg grating

• Low cost

• Low loss

Disadvantage:

• Narrow band

Advantage:

1 3



Tunable dispersion compensation

• Provide adjustable dispersion

• Compensate residual dispersion 

Fujitsu



Tunable dispersion compensation

• Provide adjustable dispersion

• Compensate residual dispersion 

1 3

Mechanical stretching



Tunable dispersion compensation

Lee’s PhD thesis



Tunable dispersion compensation

Fujitsu



Tunable dispersion compensation
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