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Introduction

 The duobinary coding is a promising 
technology for the implementation of ultra-
dense WDM optical systems with spectral 
efficiency close to the Nyquist limit.

 The purpose of this work is to derive, for 
the first time to our knowledge, the 
sensitivity of duobinary in ASE noise limited 
and direct-detected optical systems.
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Outline

Performance limits for Intensity 
Modulation

The Duobinary modulation

Performance limits for Duobinary with 
a direct-detection receiver

A practical implementation of optical 
Duobinary

Conclusions



OFC 2003 - Paper ThW5 4

Intensity Modulation
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IM: coherent vs. direct detection

0.6 dB



OFC 2003 - Paper ThW5 6

IM vs. Duobinary

Intensity Modulation
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Duobinary received signal
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Noiseless eye diagrams
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After photodetection, the decision variable is:

 n is a Chi-square distributed r.v. with 
centrality parameter s2=(cn x (0))2 and 
variance s2 defined as: 

Duobinary with direct-detection
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Which is the optimum receiver?

 It is still an open issue

We found counterexamples proving that a 
matched filter is not always the optimum

 In general, performances depend on both 
the transmitted pulse u(t) and the receiver 
filter hRX(t)

Notwithstanding, in order to compare with 
IM, we selected the matched filter

Pulse and filter choice
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Choosing a matched optical filter, we get:

The BER can be analytically written as:
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The BER depends on the pulse shape !!!

Using the optical matched filter
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Direct detection: IM vs. Duobinary

Obtained with the 
minimum-bandwidth pulse:
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Noiseless eye diagrams
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Performance comparison
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G. Bosco et al., “A novel analytical
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on Commun., vol. 49, no.12, 
pp. 2154-2163,Nov. 2001
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Conclusions

An expression of the BER for an ASE noise 
limited optical system employing the duobinary 
modulation format has been derived.

The expression of the BER for the duobinary 
depends on the pulse shape.

The back-to-back sensitivity of direct-detection 
duobinary is at least 0.91 dB better than IMDD.

Practical implementations of optical duobinary 
have the potential of exceeding the quantum 
limit of IMDD.


