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Abstract
We have developed a second order model of
spontaneous emission noise in semiconductor optical
amplifiers (SOAs). The resulting noise distributions
agree well with statistical simulations and explain the
measured redistribution of noise in saturated SOAs.
Introduction
Semiconductor optical amplifiers (SOAs) have a
number of promising applications within optical
communication systems. In these applications the
performance, as measured by the bit error rate (BER),
depends on the noise distribution of the signal after the
SOAs. It is therefore important to describe the noise in
an SOA in detail. However, the saturation and non-
linear properties of the SOA make this description
complicated. We have previously measured and
simulated the probability density functions (PDFs)
after amplification in a saturated SOA [I]. In this work
we have developed a detailed model for describing the
PDF of the noisy signal at the output of an SOA.
The model
The device model is based on the standard field
equation and carrier rate equation. The spontaneous
emission noise is included as a Langevin force in the
field equation. The noise is considered as small
perturbations and the field and gain are expanded in
Volterra series to second order in the noise terms. This
is an extension to the work of Shtaif et al. [2], which
only included first order terms. The PDF is determined
by finding the moment generating function (MGF) of
the output power and calculating the Fourier transform
of the characteristic function. From the MGF the
central moments, and hence the standard deviation and
skewness, can also be calculated.
Results
The results obtained in this work are compared to the
measurements and statistical simulations presented in
[1]. The top panel of Fig. 1 shows the measured PDFs
together with non-central (n.c.) X2-distributions with
the same mean and standard deviation. The bottom
panel shows the PDFs calculated using the second
order model and the simulations as well as n.c. x2-
distributions calculated from the first order noise terms.
The most obvious improvement of using the new
model compared to the simulations is that it is possible
to calculate the PDFs far out in the tails of the
distributions, with a reasonable computation time.
The different models and the measurements can be

quantitatively compared through the skewness of the
distributions, which is defined as the normalised third
order central moment. This is shown in figure 2, where
the solid circles and triangles show the measurements
and corresponding n.c. X2-distributions, respectively.
The open squares represent the simulations and the

solid and dash-dotted lines represent the second order
model and first order n.c. X2-distribution, respectively.
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Fig. 1. Measured (top) and calculated (bottom) PDFs of
the signal after an SOA.

Figure 2 shows that the non-linear noise
redistribution in the SOA skews the distribution in the
negative direction compared to the n.c. X2-distribution.
This effect is seen in the measurement and is
considered in the simulations and second order model,
but not in the first order case. Furthermore, excellent
agreement is seen between the simulation and the
second order model.
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Fig. 2. Measured (solid circle) and calculated (open
square and solid line) skewness of the PDFs.
Conclusions
The second order noise model is capable of describing
the measured non-linear noise redistribution of an

SOA. It agrees quantitatively with statistical
simulations, but requires less computational power and
allows results to be obtained far out in the tails of the
PDFs, thus enabling accurate BER calculations.
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