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6G optical module bit error rate
requirements

Overview

Introduction Any optical transmission system requires a defined range of optical
receiver input power for proper operation.

Key Takeaways

6G optical modules are expected to achieve ultra-low BERSs, typically below 10-°, to
support high-speed, low-latency, and reliable communications.BER Targets for 6G
Optical Modules

6G networks aim to deliver terabit-per-second capacities and ultra-reliable low-
latency communications (URLLC), which impose stringent BER requirements on
optical modules. For optical fronthaul and optical wireless communication (OWC)
links, BERs below 10-° are considered necessary to ensure error-free transmission
over high-speed links and to meet the reliability demands of applications like
holographic communications, Al-driven systems, and autonomous networks .

Factors Affecting BER
* Receiver Type: Avalanche photodiodes (APDs) and single-photon avalanche diodes
(SPADs) are commonly used in 6G optical modules. Linear-mode APDs can achieve
BERs below 10-° at data rates up to 2 Gbit/s over free-space distances of 27 m, while
SPADs provide high sensitivity for low-light conditions but require careful design to
manage photon detection probability and incidence angle effects .
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* Channel Coding: Advanced error correction techniques, including LDPC variants,
polar codes, and Al-enhanced coding schemes, are expected to further reduce BER in
6G optical links, approaching the Shannon limit .

* Optical Interference and Alignment: In integrated optical receivers, the isolation and
passivation layers above photodiodes significantly influence BER. Incidence angles up
to 30° have moderate impact, but angles above 50° can degrade BER substantially .

* Modulation and Data Rate: Higher-order modulation schemes and terabit-level data
rates increase BER sensitivity. Careful design of modulation formats and signal
processing is essential to maintain BER below the target threshold .

Design Implications

* Fronthaul Links: Optical modules in 6G fronthaul must combine high-speed
transmission, low latency, and BER < 10-° to support distributed units (DUs) and
remote units (RUs) in the RAN architecture .

* Integrated Photonics: Photonic integrated circuits (PICs) and coherent PON
technologies are key enablers for achieving low BER while maintaining scalability and
energy efficiency .

* Al/ML Optimization: Machine learning-based signal processing and adaptive coding
can dynamically optimize BER performance under varying channel conditions .
Summary

For 6G optical modules, ultra-low BERs (=10-°) are critical to meet the reliability and
latency requirements of next-generation networks. Achieving these targets requires a
combination of advanced photodiodes, optimized channel coding, precise optical
design, and intelligent signal processing. These measures ensure that 6G optical links
can support the massive data rates and ultra-reliable communications envisioned for
future applications.
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receiver input power for proper operation. In
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Combine our electrical signal test instruments and optical test instruments for
efficient end-to-end transceiver qualification in
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