
AI Server Optical Module

Article Overview

An optical module in an AI server converts electrical signals into light to enable high-speed, low-latency, and

energy-efficient data transfer between GPUs, CPUs, and network switches.

Function and Importance

Optical modules are critical components in AI servers and data centers, where they facilitate rapid data

movement between storage systems, GPUs, and other processing units. They convert electrical signals into

optical signals, allowing data to travel over fiber-optic cables at high speeds with minimal delay, which is

essential for training large AI models and running inference tasks efficiently . By reducing latency and

increasing bandwidth, optical modules prevent network bottlenecks that could slow down AI computations .

Types and Deployment

AI servers use a variety of optical modules, including pluggable modules like OSFP (Octal Small Form-Factor

Pluggable) and next-generation eXtra-dense Pluggable Optics (XPO). XPO modules, for example, can deliver

up to 12.8Tbps per module and support high-density deployments in a single rack unit, enabling massive AI

clusters to operate efficiently . Modules are often designed for plug-and-play upgrades, allowing data centers

to replace or enhance them without downtime .

Technical Features

Modern optical modules integrate digital signal processing (DSP), transimpedance amplifiers, and optical

drivers to maintain signal integrity and reduce errors during transmission . Advanced modules also incorporate

thermal management and liquid cooling to handle high power consumption, ensuring stable operation under

continuous AI workloads . Silicon photonics is increasingly used to integrate hundreds of optical components

on a single chip, further improving performance and energy efficiency .

Role in AI Workloads

AI servers require ultra-fast interconnects because training large models involves moving terabytes or

petabytes of data across thousands of GPUs. Optical modules support this by providing high-bandwidth,

low-latency connections that minimize idle time and prevent GPU underutilization . They are deployed in both

frontend networks (server-to-switch) and backend networks (switch-to-switch) to ensure efficient data flow

across AI clusters .

Benefits
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o High-speed data transfer: Enables rapid communication between GPUs and storage.

o Low latency: Reduces delays in distributed AI computations.

o Energy efficiency: Consumes less power than copper interconnects and generates less heat, lowering cooling

requirements .

o Scalability: Supports large-scale AI clusters with minimal downtime.

o Reliability: Advanced DSP and thermal management ensure stable operation under high-load conditions . In

summary, the optical module is a key enabler of AI server performance, providing the high-speed,

low-latency, and energy-efficient interconnects necessary for modern AI workloads, from training massive

neural networks to real-time inference in large-scale data centers.

TrendForce''s latest research indicates that the global market for AI-focused optical transceivers has entered a

phase

The AI optical connectivity market is projected to reach $73 billion by 2030, with optical ports comprising

71% of AI network ports,

Celestial AI Photonic Fabric Module Hot Chips 2025 CPO Differences Here is what this

Surging Demand for Optical Modules According to TrendForce, demand for optical transceiver modules is set

to grow

The AI-driven demand for optical transceivers represents the most significant growth catalyst in the optical

communications industry.

The Arista XPO (eXtra-dense Pluggable Optics) module is a purpose-built solution designed from the ground

up to address the

Discovering the intersection of AI computing and escalating market trends, the reliance on optical modules

has

In AI network architectures, 100G optical modules are primarily used in thefrontend network to connect

servers and

Networking chips and modules for AI data centers: Infiniband, Ultra Ethernet, Optical Connections Posted on

January

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

optical pluggable
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NVIDIA''s GB300 AI server will launch in H2 2025, boosting demand for 1.6T optical modules and

accelerating

In addition to providing high-speed (800G, 1.6T and above) optical engines and optical modules for AI

clusters and

As AI training scales beyond the limits of a single data center, a new architectural model is

After years in development, CPO is attracting major investment and is projected to constitute roughly 35% of

AI data center optical

Nvidia''s strategic monopoly on EMLs Beyond VCSELs used in short-reach links, mid- to long-reach optical

modules

The trusted platform module (component E of figure 12) provides hardware-based security foundations for AI

servers, including

Web: https://www.morwarreconst.co.za
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