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Computing power requirements for
optical modules

Overview
In modern data centers, the energy required to move data is becoming as significant
as the energy required to process it.

Key Takeaways
Optical modules require computing power primarily for DSPs, CDRs, and gearbox
functions, with power consumption and thermal limits dictating the necessary
processing capabilities.Core Computing Requirements

Modern optical modules, including SFP+, QSFP-DD, and OSFP, rely on digital signal
processors (DSPs) to handle high-speed data conversion, error correction, and signal
conditioning. The computing power needed depends on the module's data rate:

• 100G to 400G modules typically require DSPs operating at core voltages between
0.5 V and 1.2 V, with load currents ranging from 1 A to 3 A depending on the design
and modulation scheme .

• 800G and beyond modules, especially coherent optics, may consume 8 W to over
25 W per module, reflecting the higher computational demand for advanced
modulation, forward error correction, and multi-lane processing .

• OSFP modules designed for 400G–1.6T data rates require larger thermal envelopes
to support higher DSP power, emphasizing the need for efficient computing and
thermal management .
Power Supply and Thermal Considerations
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The computing power of optical modules is tightly coupled with power supply design:

• Miniature, high-efficiency DC/DC buck converters are used to supply multiple
voltage rails to DSPs, CDRs, and biasing circuits within the module .

• Dynamic voltage scaling (DVS) allows DSPs to adjust core voltage in real time,
reducing power consumption under favorable conditions (e.g., lower temperature or
high-quality input signals), which can save hundreds of milliwatts per module .

• Compact power modules, such as Renesas RAA210040 and RAA210030, provide
3–4 A continuous current in a small footprint, suitable for space-constrained optical
modules .
System-Level Implications
• High-speed optical modules contribute significantly to total switch power,
sometimes exceeding the power of the switch ASIC itself in fully loaded 400G+
deployments .

• Efficient computing within the module reduces heat generation, enabling higher
rack density and lower cooling requirements .

• Co-packaged optics (CPO) architectures integrate optical engines closer to the
switch ASIC, minimizing electrical path lengths and improving energy efficiency,
which reduces the required computing power per module for signal integrity
management .
Practical Recommendations
• Match DSP capability to data rate: Higher data rates require DSPs with faster
processing, more memory, and advanced error correction.

• Optimize voltage and current supply: Use high-efficiency, low-profile power
modules with DVS support to balance performance and thermal limits.

• Consider thermal envelope: Ensure module design allows adequate heat dissipation
for the DSP and associated electronics.

• Plan for system-level power: Account for cumulative power draw of all optical
modules in a switch or rack to avoid exceeding power budgets.

• Leverage monitoring: Use DDM/DOM diagnostics to track module temperature,
voltage, and current, enabling proactive adjustments to computing load and power
settings . In summary, the recommended computing power for optical modules is
determined by the DSP and data-path processing requirements, constrained by
power supply, thermal limits, and module form factor. Efficient design, dynamic
voltage scaling, and careful system-level planning are essential to meet high-speed
data demands while maintaining reliability and energy efficiency.
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Article Content

Smallest Thinnest Power Modules for Data Center Optical Modules

By operating from a single 2.7V to 5.5V input power rail and integrating the
controller, gate driver, power inductor, and MOSFETs,

Energy Efficiency in Co-Packaged Optics: Redefining the Power

In modern data centers, the energy required to move data is becoming as significant
as the energy required to process it. Optical

Linear Optics and CPO Support Power Conservation in the Data Center

Linear optical transceivers and co-packaged optics are evolving interconnect
technologies that target the spiraling

Enabling Higher Data Rates for Optical Modules With Small and

As the amount of data transferred in optical modules increases, so does circuit design
complexity, along with the power demand of

Optical module design resources | TI

Modern optical module designs often require: Reduced power consumption to control
and limit module temperature rise. Dynamic

Power Solutions for Modern Optical Module Design | MPS | Gennex

Discover how power module technologies by MPS support optical module
performance for AI, data centers, and high-speed

Data Center Power Solutions for Optical Systems and Modules

Analog Devices'' optical power solutions, including thermoelectric cooler (TEC)
controllers, load switches, POL, regulators, and power

Optical Interconnect Technology Analysis: LPO, NPO, CPO

Exploring optical interconnects for AI data centers: LPO for low-power, short-distance
links, NPO for high-density,

Charting the Path Toward 1.6T and 3.2T Optical Module Solutions

Challenges relate to high-speed operation, an increased number of host channels,
power constraints, thermal management

What Is an Optical Module and Its FAQs (V200)
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What Is an Optical Module and Its FAQs (V200) Describes what an optical module is
and FAQs, including the fundamentals,

Buck-Boost Converters Solving Power Challenges in Optical

Brigitte Hauke This application note gives a short introduction to optical modules and
the need of an optimized power tree in them

Understanding Optical Modules: Working Principles, Structures, and ...

Explore the working principles, structures, and performance metrics of optical
modules, essential components of

The Application of Optical Modules in High-Performance Computing

Optical modules deliver high bandwidth, low latency, and scalable connectivity for
high-performance computing,

Development trend of optical

The update cycle for IMDD optical modules in data centers is approximately 3 to 4
years; however, following the introduction of AI

How to Understand the Performance Parameters of Optical Modules?

The performance parameters of optical modules are important indicators for
evaluating their performance. Parameters

Everything You Need to Know About Optical Modules

These standards require optical modules with higher data rates and greater power
efficiency, which has led to

The Critical Role of Low-Power Optical Transceivers in Energy

The rapid growth of AI, big data, and cloud computing is pushing network bandwidth
requirements to new heights. As

The Application of Optical Modules in AI Technology

Power Efficiency: While consuming power themselves, advanced optical modules
offer a better watts-per-gigabit ratio

Related Video Reference

This video was associated with the source search result. Verify technical details
against current product documentation and project requirements.
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Contact Us

Continue your research online:

Website: https://danialonso.es
Technical inquiry: https://danialonso.es/contact.html

This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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