
IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 29, NO. 2, MARCH/APRIL 2023 6100311

Packaging and Interconnect Considerations in
Neuromorphic Photonic Accelerators

Mohammadreza Sanadgol Nezami , Thomas Ferreira de Lima, Matthew Mitchell, Shangxuan Yu, Jing Wang ,
Simon Bilodeau , Graduate Student Member, IEEE, Weipeng Zhang, Graduate Student Member, IEEE,

Mohammed Al-Qadasi, Iman Taghavi, Alexander Tofini, Stephen Lin , Bhavin J. Shastri, Senior Member, IEEE,
Paul R. Prucnal, Life Fellow, IEEE, Lukas Chrostowski , Senior Member, IEEE,

and Sudip Shekhar , Senior Member, IEEE

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

Manuscript received 1 June 2022; revised 17 August 2022; accepted 17
August 2022. Date of publication 22 August 2022; date of current version 1

https://orcid.org/0000-0001-6461-4034
https://orcid.org/0000-0001-9417-1174
https://orcid.org/0000-0003-0667-2732
https://orcid.org/0000-0001-8794-2276
https://orcid.org/0000-0002-2963-9284
https://orcid.org/0000-0003-0383-1929
mailto:mnezami@ece.ubc.ca
mailto:m.mitchell@ubc.ca
mailto:mathewyu@ece.ubc.ca
mailto:mathewyu@ece.ubc.ca
mailto:jing@ece.ubc.ca
mailto:alqadasi@ece.ubc.ca
mailto:staghavi3@ece.ubc.ca
mailto:alexanderjtofini@gmail.com
mailto:sl0804@ece.ubc.ca
mailto:lukasc@ece.ubc.ca
mailto:sudip@ece.ubc.ca
mailto:sudip@ece.ubc.ca
mailto:thomas.ferreira.de.lima@Princeton.EDU
mailto:sbilodeau@princeton.edu
mailto:weipengz@princeton.edu
mailto:prucnal@princeton.edu
mailto:bhavin.shastri@queensu.ca
https://doi.org/10.1109/JSTQE.2022.3200604


6100311 IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 29, NO. 2, MARCH/APRIL 2023

Authorized licensed use limited to: Queen's University. Downloaded on September 06,2022 at 13:06:36 UTC from IEEE Xplore.  Restrictions apply. 



NEZAMI et al.: PACKAGING AND INTERCONNECT CONSIDERATIONS IN NEUROMORPHIC PHOTONIC ACCELERATORS 6100311

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
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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-
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[27] B. Haq et al., “Micro-transfer-printed III-V-on-silicon c-band distributed
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