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Analysis on Power Penalty Due to Timing Jitters When
Considering Intersymbol Interference in the Receivers
of Intensity Modulation/Direct Detection Optical
Communication Systems
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ABSTRACT

In this paper, we propose a new method to analyze the performance degradation by timing jitters in the receivers
of intensity modulation/direct detection digital optical communication systems where pulse-shaping filters are used

to minimize intersymbol interference. The results obtained from the proposed analytical method show that conven-
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tional analytical methods underestimate the influence of timing jitters on the receiver performance. Using the

proposed analytical method, we derive an analytic equation for approximated power penalty due to timing jitters

and obtain an exact power penalty by numerical analyses. Assuming Gaussian or uniform probability density func-

tion for timing jitters, we also show that assumption of Gaussian distribution for timing jitters yields more per-

formance degradation than that of uniform distribution.
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Fig. 1 An example of a raised cosine pulse train “010” inci-
dent on the receiver in intensity modulation/direct
detection optical communication system(effect of

noise is not shown for clarity).
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Fig. 4 Comparisons of power penaltics obtained by the
approximated equation and the numerical analysis of
the proposed analytical method: Pr=107% Q=3.1,

=62%1077 a,=10"".
(a) Approximated equation, uniform distribution
(b) Approximated equation, Gaussian distribution
(¢) Numerical analysis, uniform distribution

(d) Numerical analysis, Gaussian distribution.
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(c) Numerical analysis, uniform distribution
(d) Numerical analysis, Gaussian distribution.
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Fig. 6 Comparisons of power penalties obtained by the
approximated equation and the numerical analysis of
the proposed analytical method: Pr=10""%, 0 =7.9,
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(a) Approximated equation, uniform distribution
(b) Approximated equation, Gaussian distribution
(c) Numerical analysis, uniform distribution

(d) Numerical analysis, Gaussian distribution.
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