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Study of wavelength switching time in tunable
semiconductor micro-ring lasers: experiment
and travelling wave description
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Abstract: We report in this paper the wavelength switching features of semiconductor ring lasers
that are wavelength tunable based on filtered optical feedback. The filtered feedback provides
a wavelength dependent loss mechanism in these devices with which a particular longitudinal
mode, and thus a particular wavelength, can be selected by changing the filter characteristics
of the feedback channel. We investigate how the wavelength switching speed depends on the
amplitude of the modulation of the switching driving signal and on the different phase factors
within the filtering branches of the SRL. We compare qualitatively the experimental results with
numerical simulations based on a travelling wave model. We also investigate the dynamical
behavior of the lasing and nonlasing longitudinal modes in the two channels of the clockwise
and the counter-clockwise directions. We show the crucial importance of various phase relation
factors on the wavelength switching behavior. Finally, we discuss what limits the switching speed
and how we can accelerate it.
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1. Introduction

Wavelength tunable lasers [1] are being used in several applications, such as optical sensing [2]
and wavelength division multiplexing [3]. Therefore, during last years there is a large interest
in the further development and optimization of such tunable lasers. There exist many different
approaches in order to make a tunable laser, each approach having its particular advantages and
disadvantages. These approaches typically rely on changing the laser’s effective cavity length [4],
by varying the physical length of the cavity or its refractive index, or by introducing a wavelength
dependence in the cavity such as in the arrayed waveguide grating lasers [5].

Filtered optical feedback (FOF) is one way of achieving a laser with controllable wavelength.
In this approach, part of the light emitted by the laser is reinjected in the cavity after passing
through a wavelength dependent optical filter. If the reinjected light has the same phase as the
originally emitted field and if the delay is short (compared to the relaxation oscillations time
scale), the filtered feedback will select those laser mode(s) whose wavelength is closest to the
transmission maximum of the filter in the feedback section [6]. The wavelength selective elements
in such tunable lasers are thus placed outside of the laser cavity, which can have a positive
effect on the stability of the selected wavelength [7] and can result in a simpler control system
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