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Abstract—Developing compute platforms capable of performing
computations at high speed is essential for data processing in the
next generation of data centers and edge devices. A neuromorphic
photonic accelerator on a silicon photonic platform is a promis-
ing solution. Compared to silicon photonic data communication
transceiver modules, neuromorphic photonic accelerators consti-
tute a large number of active and passive components and optoelec-
tronic devices to handle the parallel processing. Thus, an increased
numberof optical andelectrical interconnects are required,making
the packaging of such processors challenging. Moreover, thermal
and electrical crosstalk can dramatically degrade the performance
of such processors. Thus, packaging a neuromorphic photonic
accelerator for efficient processing and data movement requires
careful considerations at the chip, module, and board levels. This
work investigates the challenges and potential solutions for op-
tical coupling, optical and electrical interconnections, processor-
memory communication, and thermal and electrical cross-talk to
develop neuromorphic photonic accelerators.

Index Terms—Heterogeneous integration, optical computing,
silicon photonics, co-packaging.

I. INTRODUCTION

PHOTONICcomputing is a promising technology to address
the explosive demand for cost-effective data movement
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neuromorphic photonic accelerator and a CMOS ASIC includ-
ing SRAMs, TIAs, and drivers. In this approach, optical sources
are placed outside the accelerator PCB on the motherboard. The
Optical I/O ports provide an interface for the optical signals.
Fig. 3(b) shows the prospect of co-packaging the memory as
well. Flip-chip bonding is a feasible approach for integrating
theCMOS application-specific integrated circuit (ASIC) and the
memory module with the photonic processor core. More details
are provided in Section III.A.
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Fig. 7. Scaling analysis for electrical wire bonding and flip-chip bonding as
two methods for electrical interconnects in neuromorphic photonic accelerators.

silicon photonics, it is only feasible to accommodate that many
metal interconnects if the bump pads to these traces are mostly
organized in a 2d-grid array for flip-chip bonding. Furthermore,
placing pads next to the constituent elements could reduce
the amount of electrical crosstalk. Fig. 7 shows a comparative
study for the chip size as a function of number of neurons in
two packaging approaches for implementing electrical intercon-
nects, namely electrical wire bonding and flip-chip bonding. For
the neurons displayed in Fig. 1, aN × N photonic network will
consist of N2 optical resonators each with two bond pads,
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RF chokes between bias voltage sources and the photode-
tector. Multiple such components, each operating over some
range of frequency in a LC ladder operation (assisted by de-
Q’ing with parallel resistors), can be employed to extend the
frequency range of the inductive regime [50]. Short AC re-
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[27] B. Haq et al., “Micro-transfer-printed III-V-on-silicon c-band distributed
feedback lasers,” Opt. Exp., vol. 28, no. 22, pp. 32793–32801, 2020.
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