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Fig. 2. Performance benefits of PhCs as synapses. Their fundamental prop-
erties, such as FSR-free operation and small physical footprint, translates to
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learn associations between words [31]. Increased channel count
using PhCs directly translates to photonic neural networks being
amenable to applications with high-dimensional inputs. While
dimensionality reduction techniques are often used in neural
network models to ease the computational cost, training time
and prevent overfitting, the dimensions are still beyond what
what MRR-based photonic systems would be able to handle.
Without a scalable solution like PhCs, applications with high
input dimensions would not be feasible. Another consideration
for scalability is the transmission loss. For PhC nanobeams with
transmission α = 97% [32] in an 8-bit MAC operation, the
minimal optical power required by a photodetector would be
Ne·e
Δτ ·R where Ne = 28 electrons, R = 0.9. With an input power
of 10 dBm, we estimate the channel count to be 350, which is
larger than the limit of 130 within the C-band.

Energy consumption is often cited as the impetus to novel
neural network hardware, in particular photonics [2]. It is also
estimated that the majority of energy consumption in a neu-
ral network stems from the energy costs of synapses, since
they scale as n2 whereas the nonlinear unit scales as n for n
neurons [12]. Energy consumption in synapses is the energy
associated with tuning and holding the weight value. We exper-
imentally demonstrated that a PhC had about 4.5 times higher
thermal tuning efficiency than an MRR (refer Fig. 8). Energy
consumption per weighting operation, in units of J/bits, can be
calculated as the power consumed divided by the signal speed.
With higher tuning efficiency, we can expect proportionately
lower energy consumption per weighting operation. The overall
energy reduction would then scale with the size of the neural
network. The energy consumption values for a single PhC-based
synapse and an MRR-based synapse, based on reported thermal
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of PhCs pertinent to synaptic weighting including: first, an FSR-
free operation, which results in 4 times higher channel density
within the C-band and second, a 4.5 times higher weight tuning
efficiency resulting from its smaller mode volume. Increased
channel count improves the system throughput as well as makes
the hardware amenable to applications with high-dimensional
input like natural language processing. Another benefit from the
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