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Optimal design of two-dimensional external cavities for delayed optical feedback
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Recently, chaotic semiconductor lasers with delayed
optical feedback have attracted renewed interest, because
of their usefulness as an entropy source for physical
random number generation [1]. It has been reported that,
for obtaining strongly chaotic outputs suitable for
random number generation, a sufficiently long external
cavity (e.g. 2 mm) for delayed optical feedback is
necessary. This requirement is an obstacle to the
miniaturization of the device. As an idea to resolve this
problem, folding an optical path in a two-dimensional
(2D) external cavity has been proposed [2], where the
cavity consists of a deformed microdisk and two linear
waveguides. This cavity makes it possible to form a path
much longer than the cavity diameter [see Fig.1 for the
cavity shape]. For example, a 2.8-mm path was formed
for a device with the diameter of 0.3 mm [2].

In this approach, the cavity shape needs to be carefully
designed to suppress light diffusion due to the multiple
reflections. In this work, we are interested in an optimal
cavity shape that maximizes the feedback strength. We

simulated the light propagation in the 2D external cavity

by the flux of rays, and determined an optimal cavity
shape where the maximal feedback strength is expected.
By performing wave simulations based on the FDTD
method, we confirmed the improvement of the feedback
strength up to 8.9% as compared to the previously

reported cavity shape.
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Fig.1: 2D external cavity with a folded long path.
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