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Article Overview

Data centers use optical modules to enable high-speed, reliable, and scalable data transmission between
servers, switches, and storage systems.

What Optical Modules Are

Optical modules, also known as optical transceivers, are compact, hot-pluggable devices that convert electrical
signals from network equipment into optical signals for transmission over fiber optic cables, and vice versa .
They consist of a transmitter, a receiver, and supporting electronics that facilitate this conversion, allowing
datato travel long distances with minimal loss and latency .

Why Data Centers Use Optical Modules
Data centers rely on optical modules for several key reasons:

0 High-Speed Connectivity: Optical modules support speeds ranging from 10G to 400G and beyond, enabling
fast datatransfer between servers, switches, and storage devices.

0 Extended Reach: Unlike copper cables, optical modules can transmit data over longer distances without
significant signal degradation, which is essential for cross-rack and inter-pod connections .

o Energy Efficiency: Modern optical modules are designed to deliver high data rates per watt, reducing power
consumption and heat generation in large-scale data centers .

0 Scalability and Flexibility: Small form factors like QSFP-DD, OSFP, and SFP+ allow data centers to host
multiple portsin asingle rack unit, supporting modular growth and easy upgrades .

o Reliability: Optical modules maintain signal integrity and low latency, which is critical for Al workloads,
cloud computing, and real-time applications .

Types of Optical Modules
Optical modules come in various types to meet different networking needs:

0 SFP/SFP+ (1G-10G): Common for short-distance connections and top-of-rack switches.

0 SFP28 (25G): Supports higher-speed server connectivity .

0 QSFP+/QSFP28 (40G-100G): Used for aggregation and core layers .

0 QSFP-DD/OSFP (200G-400G): Designed for high-density, high-bandwidth applications, including Al and
cloud workloads .

o DWDM and BiDi Modules: Enable long-distance and wavelength-division multiplexing for specialized
applications.
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Emerging Developments

Companies like Kyocera are devel oping pluggabl e optoel ectronic modules supporting PCle 6.0, which convert
electrical signals from CPUs and GPUs into optical signals, enhancing high-speed communication and power
efficiency in data centers . Similarly, NVIDIA Mellanox modules address bandwidth challenges in leaf-spine
architectures, supporting 25Gbps per lane over multimode fiber for cross-aisle connections .

Conclusion
Optical modules are essential for modern data centers, providing high-speed, reliable, and energy-efficient
connectivity. They enable scalable network architectures, support Al and cloud workloads, and alow for

flexible upgrades without overhauling the entire infrastructure . By selecting the appropriate module type and
form factor, data centers can optimize performance, reduce latency, and maintain robust network operations.

Co-Packaged Optics (CPO) Solutions Co-Packaged Optics (CPO) Solutions Today, data centers use a separate
approach for optics

Modern data centers increasingly rely on interconnects for delivering critical communications connectivity
among NUMErousS Servers,

This article is mainly about several options for 400G optical modules in data centers and the application
scenarios.

The increased escape bandwidth offered by co-packaged optics provides multiple possibilities for building
50T

Introduction: Why Optical Modules Are Critical to Data Center Infrastructure In today"s cloud-first,
Al-driven, and 5G

STMicroelectronics, a global semiconductor leader serving customers across the spectrum of electronics
applications,

Learn how and where to implement Cisco Optics solutions to gain the reach you need for connecting data
centers across your metro

Discover how Marvell"s Optical DSPs enable high-speed, energy-efficient connectivity for Al workloads, data
center interconnects,

Although optics has been used in data centers for decades, it is now reaching further and
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The Data Center Optical Module Market Size was valued at 4,960 USD Million in 2024. The Data Center
Optical Module Market is

Huawei offers a comprehensive portfolio of pluggable StarryLink optical modules for data center networks,
with various models

This paper first summarizes the topologies and traffic characteristics in data centers and analyzes the reasons
and importance of

Whether your infrastructure relies on optical or copper interconnects, Semtech delivers the performance

SCALE CPO solution is the industry"s first OCI MSA capable platform and built with GF"s proven silicon
photonics

We will talk about the development trend of next-generation 1.6T/3.2T optical modules in data centers in the
following

Therefore, the next generation optical modules are designed to deliver data connectivity up to a distance of
500m or 2
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