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Abstract – Over the last several years it has become clear that datacenters, and not HPC systems, are the primary 
technology drivers that are demanding ever more aggressive performance targets and shorter development cycles 
from the optical transceiver industry.  However, the system-level requirements for optical links in HPC and 
datacenters are not exactly the same.  The potential opportunities for Si photonics in next-generation HPC 
networks must therefore be considered within the context of the volume-driven market reality. The good news is 
there is overlap between the demands of datacenters and HPC for next-generation networks, so technology 
platforms can potentially evolve to support both applications.   

Coherent detection of phase-modulated signals is widely understood to be a path to higher bandwidth optical 
interconnects, but is also perceived to be too power hungry for links within the datacenter.   However, an “analog 
coherent” approach, based on optical phased locked loops (OPLLs), provides a path to dramatically lower the 
power consumption and cost of coherent signaling by eliminating the need for the power-hungry DSP circuits 
required by conventional telecom coherent links.  For HPC systems, DSP-free coherent technology offers a path 
to higher bandwidth without having to rely on the forward error correction (FEC) that multi-level signaling 
requires (e.g. 4-PAM), with the critical benefit of minimizing latency.  Furthermore, in contrast to long-haul 
coherent optics that were developed to maximize spectral efficiency, the key advantage for using coherent links 
in data center applications, and potentially HPC networks, is a large improvement in receiver sensitivity compared 
to direct detection.  The expanded link budgets provided by coherent detection can fundamentally enable new 
network topologies based on all-optical switching and routing that are currently not possible due to the poor 
sensitivity of today’s direct-detection links.  Developing a viable short-reach coherent technology that can deliver 
on these promises presents many challenges that provide fertile areas for research and innovation. 
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