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Introduction

• mode partition noise (MPN) penalty limiting
eral PMD solutions

• original MPN penalty theory developed (an
SMF transmission

• application to systems with ISI needs differ
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Outline

• examine Ogawa’s formula
• check validity of approximations
• do simulatons to check assumptions
• propose a correction to spreadsheet mode
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Ogawa’s MPN Penalty Form

• MPN standard deviation (also used by spreadsh
by:

• Assumptions: 
1. signal at RX output is a raised cosine signal g

 where

2. laser spectrum is a continuum of modes

lk - wavelengths of 
individual laser modes

Ai - relative intensities of laser

B - bit rate L - fiber length
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Quick Check for Formula Va

• assume ideal square signal (very fast TX and R
• the MPN penalty is flat (and low) for long distanc

mode delays exceed bit time), since no SNR de
• critical length Lc is (until which no MPN pena

 

where ∆λ =max(λi-λj) Ex: ∆λ=1nm, D=120 ps/km/nm, Lc ~ 800m

• but the model predicts gradual increase a
• pulse spreading in bandwidth limited systems fla

the pulse, situation analogous to the ideal case 

Lc
T

D∆λ
------------=



?

described by the 

with few modes
���

Are the assumptions valid

• raised cosine shape MAY be valid
• width of raised cosine shape is NOT accurately 

bit rate only, correction necessary
• continuum of modes may not be valid for lasers 
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Simulations to Check Validity of Ra
Assumption

• pattern of isolated one preceeded and followed b
zeros

• short wavelength system for various lengths sim
• worst case parameters assumed

• output signal compared to raised cosine
• correction factor (ratio of FWHM values) used to

impulse response with corrected raised cosine
• rise time of output signal correlated to correction
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Simulation Results
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Signal Shapes Comparison for Diffe
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Correlation of Correction Factor an

40 45 50 55 60 65 70 75 80
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

Rise Time at RX Output [ps]

R
C

 C
or

re
ct

io
n 

F
ac

to
r

CF = -0.007Trise+1.3
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Impact and Plan of Action

• analysis most beneficial to MMF with high ISI va
• use of corrected formula gives lower MPN pena

• assume k=0.5, rms linewidth 0.5 nm, 840nm
• old model: 2.11, new model 0.17 dB;

• correct the MPN penalty formula to use the BAS
• introduce a correction factor to take into accoun
• recalculate penalties and relax some parameter
• why do we need to keep the RIN low?
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What About The Continuum of Mod
mation?

• the use of continuum of modes approximation m
the MPN penalty for some lasers

• analytic results can be incorporated in the mode
devices

• some lasers may need further specifications, in 
width
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