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(A) Sketch of a biological neuron (black dot). Different signals from nearby
neurons (colored dots) are collected by the dendrites through interconnecting
synapses. The neuronal body integrates the signals and, if the result is above a
threshold, produces a voltage spike, which is sent via the axon (black arrow) to
post-synaptic neurons. (B) Sketch of an artificial neuron in which the output y is
produced by the formula given in the inset from the different inputs i (image
courtesy of G. Zanardi). Credit: Intelligent Computing (2023). DOI:
10.34133/icomputing.0067
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Researchers have made significant progress in the development of
artificial neural networks using tiny silicon devices called
microresonators, paving the way for faster and more energy-efficient
artificial intelligence systems. These networks mimic the computing
capabilities of the human brain, breaking away from traditional digital
computer architectures and leveraging the speed, low power dissipation
and multi-wavelength capabilities of photonics.

A review article describing the implementations of neural networks
using silicon microresonators was published in Intelligent Computing.

Silicon microresonators are tiny structures that trap and confine light.
Silicon microring resonators are loop-like microresonators that guide
light in a circular path. In optical systems, they can trap light and change
its intensity, allowing precise control of the properties of the light, such
as its frequency, phase and amplitude. These resonators could be applied
in optical communications and sensing.

One useful feature of microring resonators is their ability to store high
field intensity, which enhances the light-matter interaction. This makes
the nonlinear response available at relatively low power, allowing them
to mimic biological neurons. When the energy level of the light is low,
microring resonators behave predictably, responding to the input light
linearly. This means that if the light input increases, the output light
increases proportionally.

However, at higher energy levels, microring resonators enter a nonlinear
regime, meaning the output or the behavior of the light does not change
in direct proportion to the input. This is because the light itself starts to
affect the properties of the material, such as its refractive index and its
ability to absorb light.

In biological neurons, input signals are received, processed and
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transformed into output signals. This transformation is often nonlinear
because a neuron might suddenly fire when the input reaches a certain
threshold. Because the way that microring resonators change the
behavior of light is similar to how our brain cells work, they can be used
to emulate neural activity in artificial neural networks.

Another useful feature of microring resonators is their sensitivity to
wavelength, which allows them to serve as weight banks. In artificial
neural networks, weights are parameters that determine the strength of
the connections between neurons, influencing the flow of information
and the ability of the network to learn complex patterns. Silicon
microring resonators can act as weight banks in photonic neural
networks.

They work by controlling how much of an incoming light signal gets
through, depending on its wavelength. This control allows microring
resonators to adjust the "weight" of each incoming light signal and is
crucial for learning and adapting in neural networks. The range of these
weights depends on how well the microring resonators can block light,
which is determined by their design and the materials they are made
from.

Additionally, silicon microring resonators can be used in devices along
with other materials to enhance their properties and functionalities.
These hybrid devices aim to improve the performance of photonic
artificial neurons and activation functions by leveraging the sensitivity of
microring resonators to wavelength changes.

The integration of silicon microresonators into artificial neural networks
represents a significant leap forward in the field of artificial neural
networks. With their unique properties and potential for scalability,
microresonators offer a promising platform for developing more
efficient and powerful artificial intelligence systems that mimic the
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processing capabilities of the human brain.

The combination of the speed and low power consumption of photonics
with the versatility and precision of silicon microresonators will open up
new possibilities for artificial intelligence applications.

  More information: Stefano Biasi et al, Photonic Neural Networks
Based on Integrated Silicon Microresonators, Intelligent Computing
(2023). DOI: 10.34133/icomputing.0067
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