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Purpose

• Tx Function to Rx function channel considerations
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Background – 802.3bj/by/cd/ck

• 802.3bj - 100GBASE-CR4 - 2-level PAM - 25.78125 GBd per lane – Channel 
loss budget (35 dB@12.8906 GHz). Link segment up to at least 5 m (22.8 
dB@12.8906 GHz)

• 802.3by - 25GBASE-CR and 25GBASE-CR-S - 2-level PAM - 25.78125 GBd
per lane – Channel loss budgets (35 dB, 29 dB, 28.02 dB)@12.8906 GHz . 
Link Segments 3-5 m (22.48 dB, 16.48 dB, 15.50 dB)@12.8906 GHz reach 
depending on FEC

• 802.3cd - 50GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4– PAM4 -
26.5625 GBd per lane – Channel loss budgets 30 dB@13.28 GHz. Link 
Segment up to at least 3 m reach 17.6 dB@13.28 GHz.

• 802.3ck - 100GBASE-CR1, 200GBASE-CR2, and 400GBASE-CR4 – PAM4 -
53.125 GBd per lane – Channel loss budgets 28.5 dB@26.56 GHz. Link 
Segment up to at least 3 m reach 19.75 dB@26.56 GHz 

IEEE Standards - 25/50/100 Gb/s Operation – Shielded Cable  
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Background – 802.3bj/by/cd/ck 
• The channel is defined between the transmitter and receiver blocks to include the transmitter 

and receiver differential controlled impedance printed circuit board and the cable assembly 
(link segment). 

• Test points provide specification references for channel and cable assembly and RX and TX
• Test fixtures enable testing at test points – module compliance board (MCB); host 

compliance board (HCB)
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Background – 802.3bj/by/cd/ck 
• TP0 and TP5 test point parameters and channel characteristics (802.3ck Annex 162A -

(informative))
• Test fixture – module compliance board (MCB); host compliance board (HCB)

• TX and RX PCB 
- Max (6.875 dB @ 26.56 GHZ) 
- Min (2.3 dB @ 26.56 GHZ) 
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Tx Function to Rx function channel considerations

IEEE Std 802.3ch-2020 - Annex 149C 
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Tx Function to Rx function channel considerations
Annex 149C - IEEE Std 802.3ch-2020 

149C.4 Channel return loss

149C.4.2 Link segment return loss
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Channel Insertion Loss – 802.3cy

https://www.ieee802.org/3/cy/public/nov20/zimmerman_3cy_01a_1120.pdf

PHY MBd Bandwidth (MHz) PCBILdb/76.2mm IL Link Segment IL MDI IL Channel Max 

2.5GBASE-T1 1406.25 703.125 0.6948 14.3982 0.084 15.955

5GBASE-T1 2812.5 1406.25 1.1238 20.5600 0.119 23.045

10GBASE-T1 5625 2812.5 1.8717 29.8688 0.168 33.948

25GBASE-T1 14062.25 7031.25 1.8717 29.8688 0.168 33.948

𝑰𝑳𝑷𝑪𝑩ሺ𝟕𝟔.𝟐𝒎𝒎ሻ ൑ 𝟎. 𝟎𝟎𝟕𝟏 𝒇/𝟐. 𝟓 · 𝟏𝟎^𝟑 ൅ 𝟎. 𝟎𝟎𝟒𝟓 · 𝒇/𝟐. 𝟓 · 𝟏𝟎^𝟑 · 𝟕𝟔. 𝟐 ሺ𝐝𝐁ሻ

𝑰𝑳𝑳𝒊𝒏𝒌𝒔𝒆𝒈𝒎𝒆𝒏𝒕 ൑ 𝟎. 𝟎𝟎𝟐 𝐟
𝟐.𝟓

൅ 𝟎. 𝟔𝟖 𝐟
𝟐.𝟓

𝟎.𝟒𝟓
 ሺ𝐝𝐁ሻ

𝑰𝑳𝑴𝑫𝑰 ൑ 𝟎. 𝟏 𝒇
𝟏𝟎^𝟑

    ሺ𝐝𝐁ሻ

𝑰𝑳𝑪𝒉𝒂𝒏𝒏𝒆𝒍 ൑ 𝟐 · 𝐈𝐋𝐏𝐂𝐁 𝟕𝟔.𝟐𝒎𝒎 ൅ 𝟐 · 𝐈𝐋𝐌𝐃𝐈 ൅ 𝐈𝐋𝐋𝐢𝐧𝐤𝐬𝐞𝐠𝐦𝐞𝐧𝐭    ሺ𝐝𝐁ሻ
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TX and RX PCB Loss

PHY MBd Bandwidth (MHz) PCBILdb/76.2mm PCBILdb/in

25GBASE-T1 14062.25 7031.25 1.8717 0.624
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Dk Df Algebraic Model
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https://grouper.ieee.org/groups/802/3/cy/public/adhoc/sedarat_3cy_01_0920.pdf

Insertion Loss Deviation

MDI MDI

Automotive Assembly 
Harness

C C C C

SPE P-to-P link segments
four in-line connectors 

up to at least 11 m 

mechanical interface
cable harness plug to host receptacle 

C=connectors
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Cable

Insertion Loss Deviation

cable without structure cable with structure 
added  pseudo-random 
Z ΔL

CableCable
C C

C=connectors 30 dB @ 100MHz

Return loss is computed by multiplication of transmission 
matrices for each component (cable and connectors) 
in the link segment. Each component is modeled by its 
transmission matrix. Cable structure is added as 
pseudorandom impedance to asymptotic cable impedance. ΔL

0.5 m   4 m   0.5 m
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IEEE Std 802.3bj-2014 - FOMILD
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Summary
• Tx Function to Rx function channel IL proposal

PHY MBd Bandwidth (MHz) PCBILdb/76.2mm IL Link Segment IL MDI IL Channel Max 

25GBASE-T1 14062.25 7031.25 1.8717 29.8688 0.168 33.948

𝑰𝑳𝑳𝒊𝒏𝒌𝒔𝒆𝒈𝒎𝒆𝒏𝒕 ൑ 𝟎. 𝟎𝟎𝟐 𝐟
𝟐.𝟓

൅ 𝟎. 𝟔𝟖 𝐟
𝟐.𝟓

𝟎.𝟒𝟓
 ሺ𝐝𝐁ሻ

𝑰𝑳𝑴𝑫𝑰 ൑ 𝟎. 𝟏 𝒇
𝟐.𝟓·𝟏𝟎^𝟑

    ሺ𝐝𝐁ሻ

𝑰𝑳𝑪𝒉𝒂𝒏𝒏𝒆𝒍 ൑ 𝟐 · 𝐈𝐋𝐏𝐂𝐁 𝟕𝟔.𝟐𝒎𝒎 ൅ 𝟐 · 𝐈𝐋𝐌𝐃𝐈 ൅ 𝐈𝐋𝐋𝐢𝐧𝐤𝐬𝐞𝐠𝐦𝐞𝐧𝐭    ሺ𝐝𝐁ሻ

𝑰𝑳𝑷𝑪𝑩ሺ𝟕𝟔.𝟐𝒎𝒎ሻ ൑ 𝟎. 𝟎𝟎𝟕𝟏 · 𝒇/𝟐. 𝟓 · 𝟏𝟎^𝟑 ൅ 𝟎. 𝟎𝟎𝟒𝟓 · 𝒇/𝟐. 𝟓 · 𝟏𝟎^𝟑 · 𝟕𝟔. 𝟐 ሺ𝐝𝐁ሻ



IEEE 802.3cy TG
15

0

5

10

15

20

25

30

35

40

45

50

0 2000 4000 6000 8000 10000 12000 14000
dB

MHz

Insertion Loss

Twinax Cable‐26AWG‐11m‐20
degC

Twinax Cable‐28AWG‐11m‐20
degC

802.3ch channel IL frequency
scaled

Insertion Loss Consideration



IEEE 802.3cy TG
16

Link Segment – 802.3cy

• Link transmission parameters (up to at least 11 m)
• Characteristic impedance (100 ohms)
• Insertion loss (TBD) - TBD MHz ≤ f ≤ TBD MHz
• Return loss (TBD)    - TBD MHz ≤ f ≤ TBD MHz
• Coupling Attenuation (TBD) - TBD MHz ≤ f ≤ TBD MHz 
• Shielding Effectiveness (TBD) - TBD MHz ≤ f ≤ TBD MHz 
• Maximum Link Delay (TBD) - TBD MHz ≤ f ≤ TBD MHz 

• Coupling parameters between link segments
• Power sum alien near-end crosstalk (PSANEXT) -(TBD) - TBD 

MHz ≤ f ≤ TBD MHz 
• Power sum alien attenuation to crosstalk ratio far-end (PSAACR-F) 

- (TBD) - TBD MHz ≤ f ≤ TBD MHz
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Link Segment – SNR

• Technical feasibility – SNR
• Link transmission parameters (up to at least 11 m)

• Insertion loss (TBD) - TBD MHz ≤ f ≤ TBD MHz
- Topology – length, number of inline connectors
- Wire gauge 
- Operating temperature  

• Noise environment –
- Electromagnetic environment (shielding considerations),
- Alien crosstalk - Topologies  
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•Located in the passenger compartment
•Limited temperature range, -40C to 95C
•Unsealed connectors
•Shorter length

Backbone / Displays

•Located at “edges” of vehicle
•Expanded temperature range, -40C to 105C
•Sealed connectors
•Longer length

Cameras

Main application spaces - Topologies 

Source:wienckowski_3+10G_01a_0519.pdf

Source:wienckowski_3+10G_01a_0519.pdf
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POTENTIAL NETWORKS

Application space - Topologies 

Source:wienckowski_3+10G_01a_0519.pdf
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• Backbone display
• Link transmission parameters (up to at least 7 m)

• Insertion loss (TBD) - TBD MHz ≤ f ≤ TBD MHz
- 2 inline connectors
- Wire gauge (TBD)
- Operating temperature  -40C to 95C, 

• Coupling between link segments
• Shielded cables

- dB Isolation (>60 dB – TBD)

• Cameras
• Link transmission parameters (up to at least 11 m)

• Insertion loss (TBD) - TBD MHz ≤ f ≤ TBD MHz
- 2 inline connectors
- Wire gauge (TBD)
- Operating temperature  -40C to 105C, 

• Coupling between link segments
• Shielded cables

- dB Isolation (>60 dB – TBD)

Application spaces – Topologies - SNR 




