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Photonic reservoir computing (RC) is gaining attention as a high-speed, low-
power Al accelerator, addressing electronic device bottlenecks with a simple
configuration. Several photonic RC architectures have been explored. Initial
designs used many combiners and splitters, increasing cost and footprint. Two
alternative approaches have emerged, namely those using multimode loop
structures for higher memory effect and spiral multimode waveguides (MM WG)
for speckle-like response. A compact "snake-crawling" structure has the
advantage of reducing footprint. In this work, we combine both approaches,
consisting of a racetrack-loop MM WG on the SOI platform. We also incorporate
bends for improved mode mixing.
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Experimental

The samples underwent fabrication on silicon-on-insulator (SOI) substrates
through a series of processes, namely electron beam lithography (EBL),
inductively coupled plasma reactive ion etching (ICP-RIE), plasma chemical
vapor deposition (Plasma-CVD), ultraviolet lithography (UVL), electron beam
vapor deposition (EBVD), and wafer dicing. For detailed fabrication steps
please contact: siim.heinsalu@fuji.waseda.jp
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Results and Discussion

A silicon loop-type MM WG structure was studied as a compact RC device. The
device would aim to enhance both spatial and temporal node counts through
its loop-like configuration and the use of multimode waveguides. The
experimental validations included observing speckle patterns, analyzing
transmission spectra, and measuring pulse responses. With the final design
featuring total node count as high as 845. A 3.25x improvement over initial
work by Sunada et al. (10.1364/0OPTICA.434918). Despite a 6.6x footprint
increase, it can be mitigated using a spiral-like waveguide configuration for the
loop, as used in the same reference. Additionally, parameter tendencies
displayed scalability, indicating the potential for achieving higher node counts
in future work with a similar configuration.
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Siim Heinsalu, Design and Experiment of Silicon Racetrack-Loop Multi-Mode
Waveguide Structure with Low-Loss and Adjustable Couplings for Compact
Reservoir Computing Device, 2023 International Conference on Photonics in
Switching and Computing (PSC), , 1-3(2023).

DOI: 10.1109/PSC57974.2023.10297150
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7321-7329(2024).
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