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Silicon Photonics for Air-Cooled Switches
in Local Area Networks

Overview

This groundbreaking switch leverages a liquid-cooled design to efficiently cool the
onboard silicon photonics.

Key Takeaways

Silicon photonics enables high-bandwidth, low-power LAN switches, but air-cooled
deployment requires careful thermal management and integration
strategies.Overview of Silicon Photonics in Switches

Silicon photonics (SiPh) integrates optical components such as modulators,
waveguides, and couplers directly onto silicon chips, offering Terabit-per-second
bandwidth, low power consumption, and compact integration suitable for LAN
switches and data center networks . Key switch engines include Mach-Zehnder
interferometers (MZI), micro-ring resonators, and MEMS-actuated waveguide
couplers, each providing trade-offs in insertion loss, crosstalk, switching speed, and
footprint . MZI-based switches, for example, can operate with microsecond to
millisecond response times for thermo-optic (T-O) phase shifters, making them
suitable for inter-data center or LAN applications .

Air-Cooled Deployment Considerations
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Air-cooled LAN switches face thermal constraints because silicon photonic devices
generate heat from both the optical modulators and integrated electronic drivers.
Unlike liquid-cooled systems used in high-performance Al clusters, air-cooled
switches must rely on efficient heat dissipation through airflow and thermal design.
Techniques include:

* Optimized chip layout to minimize hotspots and reduce thermal crosstalk between
photonic elements .

* Low-power phase shifters using materials like TiN or W for heaters, reducing the
thermal load .

* Compact co-packaged optics (CPO), which shortens the distance between the ASIC
and optical engine, lowering SerDes driver power and overall heat generation .
Performance Benefits

Silicon photonics in LAN switches provides several advantages:

* High port density: Integration allows multiple optical channels in a small footprint,
increasing bandwidth per rack unit .

* Power efficiency: Co-packaged SiPh switches can achieve up to 5x lower power
consumption compared to traditional pluggable transceiver designs .

* Scalability: Optical interconnects reduce electrical bottlenecks, enabling LAN
switches to support 400 Gbps or higher per port, which is critical for GPU-heavy
workloads and Al-driven networks .

Integration Challenges

Deploying silicon photonics in air-cooled LAN switches involves several challenges:

* Thermal management: Air cooling may limit the maximum achievable port density
due to heat dissipation constraints .

* Component reliability: Integrated modulators and external lasers must maintain
alignment and performance under varying temperatures .

* Ecosystem maturity: While co-packaged optics offer high integration, the SiPh
technology ecosystem is still evolving, and standardization for air-cooled LAN
switches is ongoing .

Practical Deployment Scenarios

Air-cooled SiPh switches are particularly suitable for:

* Enterprise LANs requiring high-speed interconnects without the complexity of liquid
cooling.

* Edge data centers where space and power efficiency are critical.
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* GPU-accelerated clusters with moderate thermal loads, leveraging co-packaged
optics to reduce SerDes power and cabling complexity .
Conclusion

Silicon photonics offers high-bandwidth, low-power, and compact solutions for LAN
switches. For air-cooled deployments, careful thermal design, low-power phase
shifters, and co-packaged architectures are essential to maintain performance and
reliability. While challenges remain in component alignment, heat dissipation, and
ecosystem maturity, SiPh-based air-cooled switches are increasingly viable for high-
performance LANs and enterprise networks .
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Abstract: Optical circuit switches enable scalable, low-latency, and energy-efficient
architectures for next-generation
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