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Article Overview

A circuit board optical module is a specialized PCB that integrates electrical and optical layers to enable
high-speed electro-optical data transmission in devices like fiber-optic communication systems, 5G networks,
and Al data centers.

Overview

An optical module PCB combines traditional electrical circuitry with a photonic layer that transmits data using
light, rather than solely relying on copper traces. This hybrid design alows for ultra-high data rates, reduced
latency, and lower power consumption compared to conventional PCBs, making them essential for modern
high-speed computing and communication systems .

Key Components

0 PCBA (Printed Circuit Board Assembly) - Provides the electrical connections and mechanical support for
the module .

0 TOSA (Transmitting Optical Sub-Assembly) - Converts electrical signals into optical signals for
transmission .

0 ROSA (Receiving Optical Sub-Assembly) - Converts incoming optical signals back into electrical signals.

0 Housing - Protects the optical and electrical components and ensures precise alignment of optical paths .

Optical PCB Structure

Optical PCBs incorporate a planar waveguide layer made of glass or polymer, which guides light signals
across the board. This layer is integrated with conventional PCB materials like FR4, allowing electrical and
optical circuits to coexist on the same board . Waveguide channels are lithographically patterned, achieving
widths typically between 8-62.5 um, with signal loss as low as 0.03 dB/cm when using high-quality fused
slica.

Advantages

o High Data Rates: Supports speeds exceeding 400 Gbps, suitable for 5G, Al servers, and large-scale data
centers.

0 Reduced Latency: Optical transmission reduces signal delay compared to copper-only boards .

o Lower Power Consumption: Can reduce energy usage by up to 40% relative to conventional PCBs.

0 Space Efficiency: Optical backplanes reduce cabling requirements, saving significant rack space .

Design and Manufacturing Challenges
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Optical module PCBs require extreme precision in mechanical aignment, thermal management, and signal
integrity:

o Signal Integrity: High-frequency signals (112-224 Gbps per lane) demand precise trace design to minimize
bit error rates.

0 Thermal Management: Dense components like DSPs and TIAs generate heat that must be dissipated
efficiently .

0 Mechanical Precision: Sub-micron alignment is necessary for optical sub-assemblies to ensure proper light
coupling .

o Material Selection: Coefficient of thermal expansion (CTE) matching and flatness are critical to prevent
warping and misalignment .

Applications

Optical module PCBs are widely used in:

0 Optical fiber communication systems for electro-optical signal conversion .

0 5G base stations and high-speed networking equipment .

0 Al and HPC data centers for large-scale model training and inference .

o Emerging technologies like co-packaged optics (CPO), silicon photonics, and quantum computing . In
summary, circuit board optical modules are advanced PCBs that integrate photonic and electrical layers to

meet the demands of high-speed, low-latency, and energy-efficient data transmission, with applications
spanning telecommunications, Al, and next-generation computing infrastructure.

The entire process of the PCB blank board passing through SMT chip mounting parts or DIP plug-insis called
PCBA.

Fibre-Optical Module PCB The optical fiber module is an electronic component used for photoelectric
conversion. Simply put, optical

Combining electrical and optical layersin asingle circuit board or chip can be a solution to all of these

This article delves into the intricacies of PCB optica modules, discussing their applications, technical
requirements,

An opticak module is a typicaly hot-pluggable optical transceiver used in high-bandwidth data
communications applications. Optical

For optical module transmitter applications, some reflection is inevitable because of the small laser
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impedance. A transfer circuit can
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This article will focus on the internals of the optical transceiver including the TOSA, ROSA and BOSA, and
PCBA.

When components such as optical transceiver components and electrical chipsform an

The optical module is composed of many devices, including optoelectronic devices, functional circuits, and
optical

Electro-optical circuit boards will be essential for effective data processing in the years to come. A substantial
requirement isthe

For optical modules operating at 25Gbps and below, single-channel TO or butterfly-packaged optical
transceivers

An optical module serves as the backbone of modern fiber-optic communication. Its appearance often
resemblesa

Optical Module Components An optical module usually consists of an optical transmitting

A comprehensive guide to Optical Module PCB design and manufacturing. Learn definitions, key metrics,
selection trade-offs, and

Integrated circuits and reference designs help you create a smaller and faster optical module design used in
high-bandwidth data

An example optical interface module is shown below. These highly integrated optical modules are currently
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