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Summary & Recommendations
• Objective: Develop reference equalizer recommendations for KR.
• Criteria: Choose equalizer to

─ maximize the percentage of contributed channels with 3dB COM.
─ get all of the ‘highlighted’ (a.k.a. ‘must work’) channels to 3dB COM.

• Proposed reference equalizer:
─ 80%-83% of sub-29dB channels meet 3dB COM 

( 𝑑 dependent).
─ All but 3 of the ‘highlighted’ channels meet 3dB COM.  

None of the options analyzed achieved 3dB.
─ We also analyzed the impact of ௗ, as part of the 

analysis to help the TF select the ௗ baseline.

• To address the COM deficit for the failing channels
we analyzed package trace loss & length mismatch. 

─ Results were negative. They are included in backup.
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Parameter Recommendation

TxFFE [-0.06: 0.02: 0.00]

# Fixed DFE taps 16

# Floating DFE banks 2

# taps per bank 4

max bank span 40UI from cursor

bmax(1) 0.85



Channels
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Channels – Full Set
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107 channels pulled from 
the p802.3ck repository.

COM spreadsheet is 
included in backup slides.



P802.3ck Highlighted Channel Subset
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Source: kochuparambil_3ck_01a_0119.pdf.

# Name IL (dB)

14 Heck1 28.8

2 Heck2 15.2

53 Mellitz1 26.3

21 Tracy1 15.7

17 Tracy2 12.2

96 Kareti1 27.7

103 Kareti2 28.1

89 Kareti3 28.5

63 Kareti4 28.4

70 Kareti5 28.9Measured_Traditional_Backplane_Channels/Bch2_b7p5_7 



Channel Selection

•Approach: Restrict analysis to sub-29dB channels.
•Reasoning: 

─Our 28dB objective doesn’t require that all
channels with 28dB insertion loss meet COM3.0dB.

─Nor does it mean that some channels with more 
than 28dB insertion loss won’t meet COM3.0dB.

─All of our highlighted channels have less than 29dB 
insertion loss. Three of them fall between 28dB & 
29dB.

IEEE P802.3ck May 2019 7



Channel Insertion Loss Statistics
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All ‘highlighted’ channels 
fit within 29dB. 𝑋ത = 24.6𝑑𝐵

𝑠 = 4.30𝑑𝐵
𝑚𝑒𝑑𝑖𝑎𝑛 = 26.97𝑑𝐵

Sub-29dB Channel Distribution

Channel Insertion Loss



Floating Tap Algorithm

1) Get the ISI waveform vector, .

2) Compute the norm, ,of the ISI vector.

3) Apply a bank (e.g. 3 taps) to each successive ISI sample set: 
, ,..., 

4) Compute the norm for each location from step 3): , ,… ,

5) Select the location that gives max difference in the norm: 
.

6) Repeat steps 1-5 for each bank.
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Sub-29dB Contributed Channel 
Analysis
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Experiment Definition
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# of COM runs =10,292

All cases use 16 fixed taps and 2 banks of floating taps.
𝑏𝑚𝑎𝑥(𝑛) = 0.3 for 𝑛 > 1.
The 3rd precursor tap range is from -0.06 to 0 w/ 0.02 step size.

‘Baseline’ Case



Parameter Significance
• Statistical model fitted to raw 

data. 
─ Identify significant effects & use 

them to select cases of interest.

• % meeting 3dB COM primarily 
depends on 1st order terms:

TxFFE # of Tx taps
UImax max bank span from cursor
Cd      device capacitance
b1max max coefficient, 1st Rx postcursor
Ntpb # of taps per bank
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Non-significant

Significant



Summarized Results for Select Cases
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Selected Case Impact
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Statistics for Select Cases
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21 23 15 16

3.55 4.07 4.24 4.35

s 1.16 1.16 1.16 1.14

mode 3.70 4.31 4.54 4.54

median 3.75 4.35 4.54 4.62

COM Summary
𝑋ത = 24.6𝑑𝐵
𝑠 = 4.30𝑑𝐵
𝑚𝑒𝑑𝑖𝑎𝑛 = 26.97𝑑𝐵

TxFFE4
4 taps/bank
40UI span
𝑏𝑚𝑎𝑥(1)=0.85
𝐶𝑑=130fF

Baseline

Case 21 Case 23 Case 15

+TxFFE5+ 𝑑+TxFFE5
TxFFE5
4 taps/bank
40UI span
𝑏𝑚𝑎𝑥(1)=0.85
𝐶𝑑=130fF

TxFFE5
4 taps/bank
40UI span
𝑏𝑚𝑎𝑥(1)=0.85
𝑪𝒅=110fF

TxFFE5
4 taps/bank
80UI span
𝑏𝑚𝑎𝑥(1)=0.85
𝑪𝒅=110fF

Case 16

Best Case



TxFFE5 Coefficient Statistics for sub-29dB Channels
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Tap Mode

c(-3) -0.02 -0.02 0.003

c(-2) 0.08 0.08 0.014

c(-1) -0.26 -0.27 0.0254

c(0) 0.64 0.63 0.034

c(1) 0.00 -0.01 0.0202

c(-3) c(-2) c(-1)

c(0) c(1)



‘Highlighted’ Channel Analysis
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P802.3ck Highlighted Channel Subset
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Source: kochuparambil_3ck_01a_0119.pdf.

# Name IL (dB)

14 Heck1 28.8

2 Heck2 15.2

53 Mellitz1 26.3

21 Tracy1 15.7

17 Tracy2 12.2

96 Kareti1 27.7

103 Kareti2 28.1

89 Kareti3 28.5

63 Kareti4 28.4

70 Kareti5 28.9Measured_Traditional_Backplane_Channels/Bch2_b7p5_7 



Highlighted Channel Experiment Results
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12mm Package 32mm Package



Summary & Recommendations
• Objective: Develop reference equalizer recommendations for KR.
• Criteria: Choose equalizer to

─ maximize the percentage of contributed channels with 3dB COM.
─ get all of the ‘highlighted’ (a.k.a. ‘must work’) channels to 3dB COM.

• Proposed reference equalizer:
─ 80%-83% of sub-29dB channels meet 3dB COM 

( 𝑑 dependent).
─ All but 3 of the ‘highlighted’ channels meet 3dB COM.  

None of the options analyzed achieved 3dB.
─ We also analyzed the impact of ௗ, as part of the 

analysis to help the TF select the ௗ baseline.

• To address the COM deficit for the failing channels
we analyzed package trace loss & length mismatch. 

─ Results were negative. They are included in backup.
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Parameter Recommendation

TxFFE [-0.06: 0.02: 0.00]

# Fixed DFE taps 16

# Floating DFE banks 2

# taps per bank 4

max bank span 40UI from cursor

bmax(1) 0.85



Thank you!

21IEEE P802.3ck May 2019



Additional data
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COM Template w/ 2 Floating Banks
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Used with version 2.58 of the tool



COM Template – 24 Fixed Taps
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Used with version 2.58 of the tool



Distribution for Case 15 w/ Sub-29dB Channels
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Parameter Significance 2
From fit of mean COM to the 5 variables
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b1max is main effect with 32mm pkg
c(-3) is main effect with 12mm pkg



TxFFE5 Coefficients for sub-29dB Channels
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Includes coefficients obtained with 
12 mm & 32 mm package routes.



Package ‘Improvement’ 
Analysis
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Highlighted Channel COM vs. Die-Die IL
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Highlighted Channel Die-Die Insertion Loss
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Estimated package contribution to insertion loss:
• 12mm pkg: 5.35dB/2 = 2.68dB
• 32mm pkg: 11.30dB/2 = 5.65dB

Estimated package trace loss ~0.15dB/mm

IL(chan)-IL(die-die)

Two 32mm packages contribute ~11.3dB.



Reduced Reference Package Loss
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16 fixed+2 banks of 4floating to 40UI

Ka
re

ti 
5

Ka
re

ti 
1

H
ec

k 
2

Original = existing ref pkg model
4dB_a1a2 = modified model (above)

• RxEQ = 16 fixed + 2 banks of 4 taps with 40UI span.
• Reducing package loss to 4dB gives <0.1dB COM benefit; 

not enough to close gap to 3dB COM.

Package T-line models courtesy of Rich Mellitz.



Package Length Mismatch
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Kareti 5Kareti 1 Heck 2

• RxEQ: 16 fixed taps + 2 banks of 4 floating taps with 40UI span.
• Tx/Rx package length mismatch can give COM improvement, but not enough to 

close the gap to 3dB.


