Reconfigurable NAND/NOR/S-R latch all-optical circuit based on a dual injection-locked Fabry-Pérot laser
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Rapidly increasing global demand for high-performance computing is constantly inspiring further developments in electronic computers, which are, however, starting to face bottlenecks in terms of response speed and bandwidth, followed by exaggerated heat dissipation and power consumption. On the other hand, optical logic gates, i.e., the optical implementation of the fundamental building blocks of a digital computer, enabling the optical computing paradigm, have been attracting growing research attention in recent years [1][2][3]. This new technology is seen to provide a framework for increasing the operational speed, the amount of processed information and consequently bandwidth, while reducing the losses and power consumption. A variety of optical logic gates implementations have been analyzed and reported, including schemes residing on spatial encoding of the light, highly nonlinear fibers, photonic crystals, micro- and nano-scale waveguides and resonators, and nonlinear effects in semiconductor amplifiers [4].  Even though the cascading of universal photonic logic gates is largely adopted to achieve programmable digital photonics, a high degree of reconfigurability in a single element photonic digital device remains challenging, especially in the all-optical arena.
In this research, we exploit a dispersive nonlinearity of an injection-locked semiconductor laser for the realization of three different all-optical logic circuits. Our approach resides on a simple, low-power scheme, capable of on-chip photonic integration, including two master lasers optically injecting a Fabry-Pérot slave laser, enabling its parameter dependent multistability [5,6]. Within this framework, we successfully engineer a three-in-one all-optical digital circuit comprising NAND, NOR, and S-R latch operations, readily reconfigurable by tuning one or two injection parameters, e.g., bias current, or frequency of injected light. By using discrete, off-the-shelf components, we experimentally demonstrate device operation and report operating speeds up to 1 GHz with extinction ratios between logic 0 and 1 up to ≈16 dB, depending on the logic in operation. The proposed all-optical device encloses both the universal gate and memory functionalities in a single element, promising a significant advance toward low-complexity programmable photonics.
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