
Beyond 25GE

JUG



Topic

❑ IEEE802.3 standard

❑ What is FEC?

❑ FEC clause

❑ NRZ & PAM4 Signalling

❑ How to select transceiver module?



IEEE 

802.3 

Standard



IEEE 802.3 standard

❑ IEEE 802.3ab (1999) = 1Gbps

❑ IEEE 802.3ae (2002) = 10Gbps

❑ IEEE 802.3ba (2010) = 40Gbps & 100Gbps

❑ IEEE 802.3by (2016) = 25Gbps single lane and 50Gbps dual lane

❑ IEEE 802.3bz (2016) = 2.5GBASE-T and 5GBASE-T (NBASE-T)

❑ IEEE 802.3bs (2017) = 400Gbps

❑ IEEE 802.3cd (2018) = 50Gbps single lane and 200Gbps
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100G (10 x 10G lanes)
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100G (4 x 25G lanes)
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Top-of-Rack (ToR) switch design



ToR Design



What is FEC? (Forward Error Correction)



How to Detect Bit Error



How FEC Works



How FEC Works



Parity Bit

❑ RS(5280,5140) 

❑ RS(528,514)



Coding Gain



Coding Gain



FC-FEC (IEEE Clause 74) 

❑ Name Fire code FEC, FC-FEC, BASE-R FEC, CL74

❑ Parity 32 bits (2112, 2080)

❑ Suitable for 25GE (NRZ signalling)

❑ Mainly aimed at bursts due to DEF error propagation

Random error correction capability is not strong

❑ Estimate input Pre-BER : < 1e-8

❑ Coding Gain : 2.0 – 2.5 dB 



RS-FEC (IEEE Clause 91)

❑ Name Reed-Solomon FEC, RS-FEC, CL91

❑ Parity 140 bits RS(5280,5140), RS(528,514)

❑ Suitable for 100GE (NRZ Signalling)

❑ Random error correction capability is strong

❑ Estimate input BER < 1e-5

❑ Coding Gain 5.0 – 5.5 dB 



RS-FEC (IEEE Clause 108)

❑ Name Reed-Solomon FEC, RS-FEC, CL108

❑ Parity 140 bits RS(5280,5140), RS(528,514)

❑ Suitable for 25GE (NRZ Signalling)



FEC and Latency

FEC Latency (ns) BER

None 0 1e-12

BASE-R FEC 1 lane (25 Gb/s) 82 1e-8

RS-FEC 1 lane (25 Gb/s) 250 1e-5



25GE FEC Requirement (Arista Networks)



25GE FEC Requirement (Cisco)

Refer :https://www.cisco.com/c/en/us/products/collateral/interfaces-modules/transceiver-

modules/datasheet-c78-736950.html

SFP Type and Distance FEC Type

25G Copper Cable (DAC) ≤ 2m No FEC

25G Copper Cable (DAC) 2m < X ≤ 3m BASE-R FEC

25G Copper Cable (DAC) > 3m RS-FEC

25G Active Optical Cable (AOC) BASE-R FEC or RS-FEC

25G-SR (OM3 = 70m / OM4 = 100m) RS-FEC

25G-BR (SMF) ≤ 1.5 Km No FEC

25G-BR (SMF) ≤ 3.5 Km BASE-R FEC

25G-BR (SMF) > 3.5 Km RS-FEC
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FECs match



FECs match



NRZ and PAM4 signaling



NRZ and PAM4 signaling



PAM4 optical transceiver



RS-FEC (IEEE Clause 134)

❑ Name Reed-Solomon FEC, KP4 FEC

❑ Parity 300 bits RS(5440,5140), RS(544,514)

❑ Suitable for 50GE (PAM4 Signalling)

❑ Random error correction capability is strong

❑ Coding Gain 6.0 – 6.5 dB 



How to select transceiver module?

❑ Media Type (DAC, AOC, MMF, SMF, CWDM, DWDM)

❑ Distance (5m, 100m, 2km, 10km, 40km, 80km)

❑ Connector type (LC, Bidi, MPO)

❑ Data Lane (1x10G, 4x10G, 1x25G, 2x25G, 1x50G, 4x25G, 2x50G)

❑ NRZ or PAM4

❑ FEC type

❑ Form factor (SFP+, SFP28, QSFP+, QSFP28, SFP56, QSFP56)



Transceiver Form

1 x 1G 1 x 10G 1 x 25G 4 x 10G 4 x 25G

SFP = Small Form Pluggable

QSFP = Quad Small Form Pluggable



Transceiver Form

8 x 50G

(PAM4)

4 x 50G

(PAM4)

4 x 25G4 x 10G

QSFP-DD = QSFP Double Density




