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Abstract: A new automated analysis of the Poincaré map i1s suggested to perform a complete
stability investigation of optically-injected lasers simulated with the travelling wave approach.

1. Introduction

The dynamics of optically-injected semiconductor lasers have been investigated for several years [1-6] and they can be
simulated erther using the rate equations (REs) [1] or the travelling wave (TW) [2] approach. In recent vears the TW
model has been used to find the dynanucs of the system [4, 5]. The TW model can easily be used to find the locking
bandwidih of the system but so far no distinction between regions of different mnstabilities has been made. In this paper
a new method will be presented that uses the trajectory of the system to perform a complete stability analysis m which
regions of different dvnamics can be identified.

2. Method

The system 15 simulated using a commercial software program [7] and for each time moment the average carrier density
and the absolute value and phase of the electric field are saved to create the trajectory of the system. It has been shown
[3] that the trajectory depends on the state of the system. For the analysis a Pomncaré section 1s taken through the carner
density — electric field space with a constant phase, and the mfersection pomts of the trajectory with the plane are
investigated to construct the so-called Poincaré map. To simplify the analvsis the Poincaré map is divided into small
sections and the intersection points per slice are counted. These numbers give a distribution which can be used for the
analysis. For example, the wider the intersection poimnts are spread the more chaotic the system 1s.

3. Results

Figure 1 shows an automatically-obtained stability map (shaded fields). White fields show the region where the system
15 stably locked. The darker the fields are shaded the more chaotic the system 1s. The dashed lines are the locking region
boundaries obtamed by manual analysis of the simulated laser spectra, as defined by a side-mode suppression ratio of
30 dB. As is seen from the figure, the agreement in the locking bandwidth, as well as the qualitative agreement with
expenimental results [6], 1s very good.
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Fig.1. Stability map obtained automatically (shaded fields) and manually (dashed lines)

4. Conclusion
It was shown that the trajectory of the system strongly depends on the state of the system. This dependence i turn can
be used for a complete stability analyses. The results obtained by the new method agree well with experimental data [6].
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