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side relate to the linear and nonlinear dispersive effects such
as the Kerr and FCD effects. 6 is the normalized frequency
detuning between microring resonance frequency and the input
light wavelength. nyr contains the Kerr contributions of both
silicon and graphene, and is defined in (4):

1 .
Nierr = m(yselrr + Vlgarr) 4
where the v, y<,. parameters are defined as per (5), (6):
. Wocn'E
ylfelrr = VTQ’I (5)
kerr
o3
Vier = 62 6)
kerr 0

ny'%; is the Kerr coefficient of silicon and a3, is the third-
order nonlinear conductivity of graphene which quantify the
strength of the Kerr nonlinearity in each material. o557, is calcu-
lated using n3'% for
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Fig. 5. Output spike amplitude as a function of input perturbation amplitude
illustrating a threshold behavior.
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Overall it is fair to say that there is no ideal spiking device
that beats everything else across all metrics. There are addi-
tional challenges in both optoelectronic as well as all-optical
approaches to really portray the full picture. For optoelectronic
devices, we did not consider the speed limits due to parasitics
in electronic links that can bottleneck the neuron processing
speed. This may be addressed by heterogeneous integration with
a CMOS chip via flip-chip bonding [70] allowing for use for
high-speed CMOS electronic components with a low parasitic
pathway. Similarly, in all-optical devices, optical power cascad-
ability is a concern, as optical power is inevitably lost at each
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