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Article Overview

Optical modules are critical enablers of Al systems, providing high-speed, low-latency, and energy-efficient
data transmission that supports large-scale Al computation and scal ability.

Role of Optical Modulesin Al

Optical modules, aso known as optical transceivers, convert electrical signals into optical signals and vice
versa, enabling high-speed data transfer between storage systems, GPUs, and TPUs in Al data centers . Al
workloads, particularly deep learning, require massive data movement and intense interconnectivity across
thousands of processors. Optical modules ensure low-latency communication, which is essential for efficient
parallel computation and faster model training . They also improve energy efficiency and system stability,
allowing Al systemsto operate longer with fewer interruptions.

Impact on Al Infrastructure

The growth of Al models, such as large language models exceeding trillions of parameters, has driven the
demand for high-bandwidth optical interconnects. Modern Al servers and clusters may require terabits per
second of bandwidth per rack, necessitating hundreds of optical modules per system . Advanced technologies
like co-packaged optics (CPO) and linear-drive pluggable optics (LPO) reduce power consumption and
latency, making Al data centers more efficient and scalable . Optical modules also support distributed training
by enabling fast communication between multiple racks and data centers .

Market and Technological Trends

The Al-driven demand for optical modules is accelerating rapidly. Global shipments of high-speed modules
(400G, 800G, 1.6T) are projected to grow exponentialy, with the market expected to reach tens of billions of
dollars by 2035 . Innovations in optical module design, including temperature sensing, power monitoring, and
Al-assisted self-driving networks, are enhancing performance and energy efficiency . The Asia-Pacific region,
particularly China, is leading in production capacity, while North America remains a magor consumer of
high-speed modules .

Future Outlook
Future optical module technologies will continue to increase speed, reduce latency, and improve integration,
enabling Al systems to process larger datasets more efficiently and sustainably . As Al and cloud computing

expand, optical modules will remain a strategic infrastructure component, essential for high-performance
computing, edge Al, and hyperscale data centers . In summary, optical modules are not just supporting
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components but fundamental enablers of Al, directly influencing system performance, scalability, and energy
efficiency while driving rapid growth in the optical module industry.

We review recent advances in optical modules and networks for Al-era data centers (DCs), covering intra-DC
optical

Emerging Optical Interconnects for Al Systems Abstract: The ever-growing demand for accurate machine
learning models resulted in

That"s because there isn"t enough power. In September, Marvell, Lumentum, and Coherent demonstrated
optical links

Effective applications of Al in optics involve evaluating the synergy between mathematic models and
empirical data. The intersection

Asdemand for Al computing, cloud infrastructure, and high-speed data centers continues to grow, the synergy

Abstract: This article examines the pivotal role of optical interconnects in scaling up next-generation Al
systems,

While DSPs are the principal device inside these modules, they are complemented by transimpedance
amplifiers and

The integration of optical solutions across multiple layers--from connectors to silicon photonics--underscores
ashift

To address this need, we propose an intelligent optical module for edge deployment featuring
millisecond-granularity power sampling

Al-driven Intelligent Computing Leads the Innovation of Optical Module/Chip The update cycle for IMDD
optical modulesin data

OPTICAL MODULESFIRST If Al isthe brain, optical modules are the nerves -- converting electrical signals
to light and

The relationship between Al and optical modules is fundamentally symbiotic. Al drives the need for
ever-faster, more efficient optical
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In summary, optical devices are functional units, optical engines are integrated modules, and optical modules
are

China secures control over Al data arteries via optical modules. Explore the geopolitical impact on the global

There was no shortage of presentations on optical computing, as well as the use and development of photonic
artificial

1. Introduction Large-scale Al systems are the foundation of modern online services. As the world is
recovering from COVID-19, there
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