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Figure 2: (a) A circuit diagram of the proposed device.
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Abstract—We propose a hybrid silicon laser and photodetector
system that can emulate the electro-physiological behavior of a
real neuron at ultrafast time-scales. Networks of lasers would
scale up easily using a silicon III-V wafer-bonding platform.

I. INTRODUCTION

Neuromorphic networks have experienced a surge of popu-
larity over the last twenty years, motivated in part by bringing
computation closer to its underlying physics [1]. Scaling to
larger numbers of neurons, however, requires prohibitively
complex networks in which there is a fundamental density-
bandwidth trade-off. Alternatively, photonic systems can po-
tentially offer much higher bandwidths and lower energy
usage than electronics, making the spike-based approach to
information processing a perfect fit for the technology. Today,
there are a growing number of applications that require higher
speeds and lower latencies that may be outside the abilities
of the fastest electronic circuits, including processing of the
RF spectrum or ultrafast control. Taking advantage of the

Figure 4: A schematic of an integrated excitable laser fully
integrated into a hybrid silicon/III-V platform. This device
can interface with a passive SOI network. Only one pho-
todetector (PD) is shown.

ogous to the neural axon hillock. We chose to implement
this model using a hybrid silicon evanescent DFB laser [5],
shown in Figure 4.

Much of the energy cost of electronic conversion in op-
tical systems comes from the need for high-speed clocked
transistor circuitry and the need to demultiplex wavelength-
division multiplexed (WDM) channels before conversion.
In our case, electronic conversion does not have the goal
of signal regeneration, but instead of exploiting electronic
physics for intermediate analog processing. The use of
passive integrated electrical wires does not sacrifice band-
width or sensitivity in this device. Pulse reshaping is not
required due to the clean pulse generation of
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picosecond computational domain that impacts application
areas where both complexity and speed are paramount.

In this scheme, a group of nodes (a node is illustrated
in Figure 4) shares a common medium in which the out-
put of every node is assigned a unique transmission wave-
length and made available to every other node (Figure 6).
Each node has a tunable spectral filter bank at its front-
end. By tuning continuously between the ON/OFF reso-
nant states, each filter drops a portion of its correspond-
ing wavelength channel, thereby applying a coefficient of
transmission analogous to a neural weight. The filters of
a given receiver operate in parallel, allowing it to receive
multiple inputs simultaneously. An interconnectivity pat-
tern is determined by the local states of filters and not a
state of the transmission medium between nodes. Rout-
ing in this network is transparent, massively parallel, and
switchless, making it ideal to support asynchronous signals
of a neural character.

3.2. Silicon Photonic Integration

Since routing is already performed by filters at the front
end of each laser neuron described in the previous sec-

- 506 -


