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Purpose

• Recap link segment, noise environment, latency requirement

• Discuss reliability requirement 

• Layout factors that contribute to latency and reliability

• Discuss potential link segment specification options
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Link segment

• Specially-designed motor feedback cabling
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Link segment
• Standardized (IEC61156-12) single 

pair Ethernet cabling for new 
installation
• Industrial Single Pair Ethernet Cable
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• RS485 cabling for existing 
installation
• Whitepaper_Cable_and_connector

https://www.belden.com/products/cable/ethernet-cable/industrial-ethernet-cable/spe404
https://cdn.sick.com/media/docs/5/65/265/Whitepaper_Cable_and_connector_for_HIPERFACE_DSL%C2%AE_Motor_Drive_Applications_en_IM0063265.PDF


Noise environment

• External noise
• EFT/CI test method

• Internal noise
• PWM noise

• Very low or no alien cross-
talk noise
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https://www.ieee802.org/3/dg/public/May_2022/xu_3dg_01_09132022.pdf


PHY latency requirement

• Is “<=1.5us” feasible for 100BASE-T1L PHY?
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PER and PHY BER Requirement

• 1000 axis, 1 fault per 1 year

• 31.25us, 64 bytes Ethernet frame

• 3 packet loss/error in a row at default

• 3 packets lost in a row
• PER 4.62751E-06
• BER 8.03388E-09

• 2 packets lost in a row
• PER 9.95455E-09
• BER 1.72822E-11
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Industrial Automation Bit 
Error Rate Calculation

PER: Packet error rate
BER: Bit error rate

https://grouper.ieee.org/groups/802/3/10SPE/public/adhoc/brandt_082216_10SPE_01_adhoc.pdf


Factors that contribute to S/N and BER

• Noise (environment)
• External noise (EFT, CI))

• Internal noise (PWM)

• Alien cross talk noise (no/very small)

• Channel attenuation (link segment)
• Insertion loss (IL)

• Screen attenuation (SA)

• Coupling attenuation (CA)

• Modulation and TX signal (PHY)

• FEC (PHY)
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FEC effect

• Improve the PHY BER 

• Cause the PHY latency
• Additional bits for error correction and 

more algorithm processing time

• Add additional complexity and cost
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Is FEC required for 100BASE-T1L PHY?

• “No” for 100m motor feedback 
communication

• “YES” for 500m process automation 
trunk communication?

• If required for 500m use case, how 
to and how difficult to bypass FEC to 
reduce the PHY latency for motor 
feedback communication?
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Link segment specification options

Potential Link segment specification options:

• Option1: specify one link segment for 500m process automation trunk 
communication

• Option2: specify two link segments: one for 500m process automation trunk 
communication; the other for 100m motor feedback communication

• …

Which option?
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Summary and suggestion

• Recap link segment, noise environment, latency requirement

• Discuss reliability requirement 

• Layout factors that contribute to latency and reliability

• PHY experts to evaluate the necessity of FEC

• Discuss and determine the link segment specification direction
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