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Article Overview

Silicon photonics uses light instead of electricity to transmit data, overcoming the interconnect bottlenecks in
Al and high-performance computing systems while improving speed, energy efficiency, and bandwidth.

Overview of Silicon Photonics

Silicon photonics replaces traditional electrical interconnects with optical waveguides on silicon chips,
alowing data to travel as photons rather than electrons . This approach leverages mature CMOS
manufacturing processes, enabling scalable production of optical components at lower costs . By using light,
silicon photonics achieves ultra-high speed, low latency, and low power consumption, addressing the
limitations of copper-based interconnects that suffer from signal degradation and high energy loss at high
frequencies.

Addressing the Al Data Bottleneck

Al workloads, especially those involving models with over 100 trillion parameters, face a critical bottleneck:
moving data fast enough to keep GPUs and other processors fully utilized . Traditional copper traces on circuit
boards degrade signals beyond 100 Gbps per lane, requiring power-hungry retimers and digital signal
processors . Silicon photonics overcomes this by enabling dense wavelength-division multiplexing (DWDM),
where multiple optical wavelengths transmit data simultaneously through a single fiber, dramatically
increasing bandwidth .

Key Technologies and Innovations

0 Co-Packaged Optics (CPO): Integrates photonic circuits directly onto GPU or switch dies, reducing the
distance data must travel and cutting energy consumption by up to 70-80% .

o Photonic Integrated Circuits (PICs): Compact optical components, such as microring resonators, modulate
and filter light at specific wavelengths, enabling high-density, high-speed data transmission .

0 Edgeless 1/0: 3D-stacked photonics alow data to be transmitted from the center of the chip, bypassing
traditional pin limitations and the "Shoreline Limitation” in GPU architectures .

Advantages Over Traditional Interconnects
0 Bandwidth: Optical links can exceed 1.6 Thps per transceiver, supporting petabit-per-second data rates for
hyperscale Al clusters.

o Energy Efficiency: Photons experience minimal resistance, reducing power consumption compared to
copper interconnects .
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o Low Latency: Light-speed transmission ensures faster communication between chips and servers, critical for
real-time Al inference.

0 Scaability: Silicon photonics supports large-scale integration in data centers, enabling high-bandwidth
connections between GPUs, memory, and networking chips .

Industry Adoption

Major companies like NVIDIA and Intel are investing heavily in silicon photonics. NVIDIA has committed
billions to photonics startups and co-packaged optics development, aiming to scale silicon photonics in Al
infrastructure . Intel Foundry is advancing EMIB-T packaging and co-packaged optics to integrate
high-bandwidth interconnects in multi-die Al and HPC systems . These efforts are critical to overcoming the
"interconnect bottleneck” that limits Al model performance and energy efficiency .

Conclusion

Silicon photonics represents a transformative bottleneck technology for Al and HPC, enabling light-speed data
transfer, reducing energy consumption, and supporting the massive bandwidth demands of modern data

centers. By replacing copper with photons, it unlocks new levels of performance, scalability, and efficiency,
making it a cornerstone of next-generation computing infrastructure .

Looking Ahead: The Path To Petascale And Beyond The convergence of mature silicon

Silicon Photonics emerges as the solution to this predicament, replacing electrons with photons--the
fundamental

One such critical technology for CPO is silicon photonics. Silicon photonics provides the foundational
technology for

What will it take to increase the proliferation of silicon photonics from millions to billions of units shipped?
What will the next

Tech Industry Photonics Photonics and high-speed data movement is the next big Al bottleneck -- following
Coppe,

We give an overview of optical interconnect requirements for large scale datacenters. We then make a
comparison

In view of this, the emergence of silicon photonic chips, which transmit data by light instead of electricity to
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achieve

Could silicon photonics shape future technologies? A recent article presented a new option in the challenging
system

These measurement limitations represent one of the most persistent--and most stubborn--bottlenecks
preventing

Next-generation process technology for disruptive cost structure, size, and integration. Maturity - Our
field-proven Intel&#174; Silicon

With silicon being the guiding material for light - and silicon oxide being the cladding - the technology can
address applications in the

Silicon photonic devices consume significantly less power than their electronic counterparts,

Lightmatter has joined the NVIDIA NVLink Fusion ecosystem, bringing our photonic interconnects to the Al
infrastructure powering

Silicon photonics, once confined to long-haul fiber networks, has emerged as the critical enabling technology
for next

Nvidia has committed at least $6.5 billion into companies developing photonics technology in the past three
months,

What are the common threads in the integration and fabrication bottlenecks that sili-con photonic applications
face, and which
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