
C2M CDAUI-8: considerations towards first 
P802.3bs 400 Gb/s Ethernet draft. 
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Overview 

 

• CDAUI-8 C2M Baseline adopted in March. 
• IEEE to OIF liason document in July 2015. 
• P802.3bs 400 Gb/s Ethernet Draft 1.0 is expected to be adopted in September.  
 
Current driving document about C2M is oif2014.230.  
Previous contribution to IEEE CAUI-4 and recent OIF contributions (oif2015.237, 
oif2015.332  and oif2015.350  ) highlighted different items that will need to be 
addressed into CDAUI-8 (CEI-56G PAM) requirements as well. 
 
This presentation summarizes the above works, showing some potential options 
for changes into P802.3bs 400 Gb/s Ethernet Draft 1.0, CDAUI-8 C2M interface. 
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http://www.ieee802.org/3/bs/public/15_03/brown_3bs_01a_0315.pdf
http://www.ieee802.org/3/bs/public/liaisons/IC_3bs_to_OIF_0715.pdf
http://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=42618&tid=1439893816
http://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=44817&tid=1439897079
http://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=45229&tid=1439893432
http://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=45262&tid=1439893383


CDAUI-8 (CEI-56G-VSR) reference: Cisco QSFP28 card. 

Currently OIF CEI-56G-VSR-PAM4 defines a reference receiver with a continuous time linear 

equalizer (CTLE, two-poles, one-zero) to measure Eye Width and Eye Height.   

Most tests and simulations done based on Cisco QSFP28 reference card (EM888 material), which is 
below compared (2, 3, 4 and 5inches channels) to current CEI-56G-VSR PAM requirements (brown line) 
and current proposed CDAUI-8 channel loss (red line). 
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Our CDAUI-8 (CEI-56G-VSR) reference: Cisco QSFP28 card. 

Broadcom HCB 
Cisco QSFP28 card 

The QSFP28 test cards is comprehensive of QSFP28 SMT and 
stacked connector, terminated on the other side with MXP 
1x8 connectors. 
 
 
 

Presented S-parameters results over QSFP28 reference card 
(stacked connector) are comprehensive of MXP and SMT 

cables.  
 



Highlights of oif2015.237 (Mazzini, Brooks, Reddy Kareti) and 
further work (Brooks).  

 

a) Lab experiment @28GBaud with a PAM4 DAC. 
• QSFP28 reference board 2, 3, 4 and 5” channels tested. 
• Compared 14 and 6 T/2 spaced FFE taps, 6 Taps + CEI-56G-VSR CTLE (2p,1z) equalizer and CTLE (2p,1z). 

 

b)    Hspice models analysis based on:  
• different TX inputs over 5” channel (same S-parameters as point 1). 
• 3” and 4” QSFP28 Reference Board Rev 4 (better S-parameters). 
 

c) QSFP28 reference board 5” channel (same S-parameters as point 1): 
• Simulation with different combination of available serdes components with appropriate adaptation and optimization 
algorithms. 

• Both experiments and simulations shown 2p1z module’s RX CTLE it’s not enough to close the link at 
1E-6 BER.  

• Simulation showing that even a 3p2z RX CTLE equalizer can be tight for 1E-6 BER requirements. 
• The PAM-4 EQ is much more critical than NRZ for the same symbol time. 

• Adjacent Eyes    Very Little Over or Under EQ Allowed! 
• Channel variations: worse impact than NRZ     Need of slow (but continuous) adaptation.  

 

d)  Investigation on long data pattern over 5” Channel:  
• Benefit of adding a Low Frequency De-emphasis Filter to Correct the Step Response 

Best Case: No RJ, DJ, Noise, Crosstalk. 

• A Low Frequency filter is needed to help equalize long data patterns. 
• LF time constant: 0.1ns to 0.5ns for VSR 
• LF De-emphasis amount: 0 to 25% for VSR 
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Highlights of oif2015.237 (Mazzini, Brooks, Reddy Kareti). 

• 2p1z CTLE not enough to ensure the 
correct target BER over any of the QSFP28 
card tested cases.  

• FFE or higher order CTLE seems needed. 

5in From 28.1GBaud waveforms acquisitions 

• Channels are Roughly Linear on a dB vs Linear Frequency Plot.  
• With CTLE Alone, Channels can be Equalized only up to a certain 

frequency. 6 
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Highlights of oif2015.237 (Mazzini, Brooks, Reddy Kareti). 
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Similar behavior is 
found over 3 and  
4inches channels. 
CTLE,FFE allows 
better channel 
flatness and 
impulse response. 

3in 

4in 

3in 

4in 

-9.61 

-10.58 

http://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=44817&tid=1439897079


Further work: investigation on long data pattern over 5” Ch. (Brooks). 

5” Channel Pulse Response – CTLE, Low Freq De-emphasis, No FFE 



Further work: investigation on long data pattern over 5” Ch. (Brooks). 

• In typical applications, Serdes run scrambled data patterns of 64B/66B encoded data. 
• Long run lengths of zeros or ones are possible, surpassing 32 UI in length at times. 
• The proposed data pattern uses 1600 UI total to allow simulation of possible wide. bandwidth signals with up to 

32 UI duration of the same bit values (LSB and MSB). 
• An alternate long pattern is to used 64UI lengths instead of 32UI lengths. 

 
CLTE Only 

 

CLTE and Low Freq De-
emphasis 

No Pre/Post taps 

CLTE, LF De-emphasis, 
and FFE 

 

5” Channel 56Gbps PAM-4, Long Pattern 
Waveforms 
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Highlights of oif2015.350.01 (Tailor). 
  

Five channels investigated 
• 3 Semtech channels – a 10in stripline Meg6 trace and two 4in QSFP28 VSR channels 
• 2 Cisco channels - one of Cisco 2in and 5in channels each 

 
Various equalization approaches were studied including the standard 1z/2p CTLE as 
well as various 2z/3p CTLEs and a 3-tap FIR. 
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Semtech 10in strip line trace. Semtech4in QSFP28 channel 1. 

Semtech4in QSFP28 channel2. 

 

 

 

Cisco 2in QSFP28 channel. Cisco 5in QSFP28 channel. 11 

Highlights of oif2015.350.01 (Tailor). 
 

http://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=45262&tid=1439893383


A standard 1z/2p CTLE should be adequate for most expected VSR channels in the host-to-module direction 
• A 2-tap FIR in the host with some small pre-cursor de-emphasis can help to provide additional system margin. 

 
A channel at maximum VSR loss with higher ILD may require one of: 

• Multi-tap FIR 
This should not be mandatory for 56G-VSR-PAM4 as it is not the only option and forces too narrow a solution 
space. 

• Higher performance reference CTLE 
This needs further study but is likely the preferable solution to minimize module power 12 

Highlights of oif2015.350.01 (Tailor). 
 

http://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=45262&tid=1439893383


Highlights of oif2015.332.01 (Dallaire, Smith, Marlett). 

 
• Investigated the dependence of link margin on the transmitter specifications. 

Link margin calculator based on the Channel Operating Margin (COM) used by IEEE 802.3bj/bs. 
Appropriately adapted, it is used to evaluate Eye Opening at TP1 for the reference receiver. 

• For higher loss channels (~10dB), a TX FIR improves the vertical eye opening (VEO) 
at TP1 by ~ 2 dB. 

In the absence of a TX FIR, link margins on higher loss channels are insufficient 
Most of the gain of the TX FIR comes from the pre-cursor tap 

Recommend the adoption of a mandatory 2-tap (pre, cursor) TX FIR at minimum 
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Highlights of oif2015.332.01 (Dallaire, Smith, Marlett). 
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For the above transmitter specs, results for the Cisco board are added to the existing results 
of oif2015.332.01 
 Even with a TX FIR, the VEO for the Cisco board traces are insufficient  

 The large ILD of the traces is especially problematic for PAM4, due to much greater sensitivity to residual ISI. 

 For the four TEC channels with loss greater than 9 dB, and the 5” Cisco channel, the calculated VEOs are 
strongly correlated with ILD. 

 The greater ILD of the Cisco board is a significantly greater cause of margin degradation than the higher 
insertion losses. 

Highlights of oif2015.332.01 (Dallaire, Smith, Marlett) 
with added results over Cisco QSFP28 reference card. 

Channel Trace VEO (dB) ILD (dBrms) IL (@14G) 
TEC_10_2014_C2M_10in_Channel_Next_Gen_28Gbps_press_fit_stacked_IO 3.22 0.052 9.4 

TEC_10_2014_C2M_4in_Channel_Next_Gen_28Gbps_high_density_SMT_IO 4.15 0.110 4.7 

TEC_10_2014_C2M_10in_Channel_Next_Gen_28Gbps_high_density_SMT_IO 2.68 0.106 9.4 

TEC_10_2014_C2M_4in_Channel_Next_Gen_28Gbps_press_fit_stacked_IO 4.25 0.051 4.6 

TEC_23_06_2014_C2M_Channel_Next_Gen_28Gbps_press_fit_stacked_IO 3.20 0.051 9.3 

TEC_23_06_2014_C2M_Channel_Next_Gen_28Gbps_high_density_SMT_IO 2.29 0.110 9.3 

Cisco_2_in_Stacked_rx2_top_short_bcm_hcb 2.19 0.237 8.2 

Cisco_5_in_Stacked_rx2_top_short_bcm_hcb 1.47 0.245 11.4 

• Proposed the following revisions to the TP0a specifications: 
– SNDR = 31 dB (minimum); (Currently 27 dB)   

– RJ <= 10 mUIrms; (Currently 5 mUIrms) 

– Level Linearity RLM >= 0.9; (Currently Eye Linearity=1.5, which is equivalent to RLM >= 0.855) 

– Mandatory 3-tap TXFFE.  
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Summary of OIF contributions. 

• Experiments and simulations were run by three different companies over the same 
reference channels, based on Cisco QSFP28 reference card.  
• This card is representative of a potential worst-case design for CDAUI-8 applications. 
• Return loss compliance to current OIF CEI-56G-VSR requirements, which most likely 

will be adopted as reference channel by CDAUI-8 too. 
• Insertion loss of 3,4 and 5 channels seems higher than current CDAUI-8 proposal (4 

and 5 than current CEI-56G-VSR too). 
 

• Current 2p1z CTLE reference receiver equalizer defined for TP1a compliance  seems not 
fulfilling  the EH,EW requirements. 

- oif2015.237 and further work - proposed combination of FFE (at TX) and CTLE.  
- Still saying 2p1z CTLE can work (with different poles and zeroes), oif2015.350.01 

propose combination of higher order CTLE and/or TX fir for higher ILD channels. 
- oif2015.332.01 and further work - propose to improve TX characteristics, together 

with TX FIR pre-cursor for high loss traces – shown that high ILD of QSFP28 reference 
card is great cause of channel degradations.   
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- Another item to be discussed –  
Definition of continuos adaptation of module’s CTLE RX. 

• Currently OIF CEI-56G-VSR-PAM4 requires ”Module receiver to be self-adaptive 
and autonomous”. 
 

• This keeps open the opportunity to develop “adaptive at start-up”, but then 
“static” module’s receivers, which we believe can have hard life to compensate  
CDAUI-8 channel variations. 
• Note that this item was already addressed during CAUI-4 definition with a couple of 

contributions from Cisco (see mazzini_01_042414_caui and alessandro_01_07032014_caui). 

 
• Since we do expect that channel variations should have worse impact than 

NRZ  on PAM4, we believe there’ll be the need of a slow (but continuous) 
adaptation of the CTLE receiver.  

• For this CDAUI-8 should include a mention to «continuos» adaptation. 
• Our NEBS/DVT tests assume 2C/min temperature ramp variation, so we should cover 

these variations with the proposed adaptation method.  
• Our first estimation is +/- 1dB variation with respect to the previous CTLE gain setting 

with a minimum 1Hz frequency rate, but we’re open to discussion.  

17 
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- Another item to be discussed –  
Vertical eye closure (VEC) at TP1a. 
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Same EW, EH can be achieved with 
different VEC at TP1a. 
Define a maximum VEC at TP1a too 
would help to constrain host output 
and calibrate the TP1 input stressor to 
the CDAUI-8 module. 



Options to be considered for CDAUI-8 C2M. 
Six items (last one if strickly needed) that should  be considered into C2M CDAUI-8, to allow 
TP1a EW/EH compliance and safe C2M link closure. 

 
1. Define a more complex standard CTLE RX equalizer. 

– 3p2z or better. 
– Introduce a LF filter on the standard reference RX equalizer too? 

 

2. Definition of continuos adaptation of module’s CTLE RX. 
– Proposed +/- 1dB variation with respect to the previous CTLE gain setting with a minimum 1Hz frequency rate 

 

3. Introduce a channel ILD deviation mask requirement. 
– Value to be agreed. 

 

4. Improve TP0 TX SNDR requirement. 
– Value to be agreed (from 27 to 29dB ?). 

 

5. Include TP1 VEC requirement. 
– Value to be agreed. 

 

6. Allow “Coarse” host TX pre-cursor tap for long channels only (off for short ones) – this 
would be a fixed and “static” value.  

– Value and loss range to be eventually defined. 
– Symmetrically the same tap should be needed on module’s transmitter too so should be writable by the host into 

the module.   
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Back-up slides 
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TP1a host output EW/EH P/F 
and reference equalizer coefficients.  
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5” Channel TX, RX EQ Settings 

R Brooks 7/31/15, Cisco Confidential 

* TX FFE, Set to launch 1V pk-pk differential into ideal load 
tap_pre2_tx                =0 
tap_pre1_tx                =0 
tap_main_tx              =1 
tap_post1_tx               =0 
tap_post2_tx               =0 
 
* RX CTLE 
freq_pole1_ctle           =25e9          $ sets the CTLE 1st pole frequency, in Hz 
freq_pole2_ctle           =25e9          $ sets the CTLE 2nd pole frequency, in Hz 
freq_zero1_ctle           =5e9  $ sets the CTLE 1st zero frequency, in Hz 
 
* RX low frequency deemphasis 
_lf_deemph_pct_            =17           $ the amount of LF de-emphasis gain peaking in percent 
_lf_deemph_time_const_    =0.4e-9         $ the time constant of LF de-emphasis 
 
*RX FFE: the main FFE tap weights when FFE is used, otherwise: 0, 0, 1, 0, 0 
FFE_pre_tap2_rx           =0.01            $ sets the RX FFE 2nd pre cursor tap value, in volts 
FFE_pre_tap1_rx           =-0.1            $ sets the RX FFE 1st pre cursor tap value, in volts 
FFE_main_tap_rx           =1        $ sets the RX FFE main tap value, in volts 
FFE_post_tap1_rx         =0.04          $ sets the RX FFE 1st post cursor tap value, in volts 
FFE_post_tap2_rx          =-0.0       $ sets the RX FFE 2nd post cursor tap value, in volts 



 Channel Compliance points 
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 Channel Compliance points 
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Host-to-Module Electrical Specifications at TP0a   

29 



 
Module-to-Host Electrical Specifications 



Host-to-Module Electrical Specifications 


