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Overview. IBIS Summit at DesignCon 2020 
 Title  

o Gap in IBIS for sampling with statistical mode AMI models 

o https://ibis.org/summits/jan20/bermensolo.pdf 

 

 Problem statement 
o In AMI_Init flow, no sampling information from model to 

EDA tool. 

 

 Outcome 
o BIRD205. New AMI Reserved Parameter for Sampling 

Position in AMI_Init Flow. 

 

 Presentation content 
o Comparing six EDA tools for eye contour using the 

AMI_Init Flow. 

https://ibis.org/summits/jan20/bermensolo.pdf
https://ibis.org/summits/jan20/bermensolo.pdf
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Outline 

1. Variation in eye margin across seven EDA tools  
Setup 

Results of bit-by-bit flow 

Results of statistical flow 

 

2. Importance of sampling information in IBIS 
Sampling control in the IBIS Specification 

Experimenting with different sampling 

 

3. Key takeaway 



 

1. Variation in eye margin across 
different EDA tools 
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Simulation setup 

Channel TX RX 

Pass-through Arbitrary channel 
IBIS-AMI model that 

bypasses the EDA input 

with that from a .csv 

 

Figure. Channel simulation setup. 

32 Gbps NRZ; 32 samples per UI 

1e6 bits using PRBS-23 

• Rx IBIS-AMI model reads the equalized impulse_matrix and wave from a .csv. 
• The above setup ensures the same waveform along with sampling information across different EDA tools. 
• The results of the different EDA tools is compared to a reference, which is generated using code shared in backup. 

If statistical flow, impulse_matrix= channel, TXLE, CTLE and DFE 

If bit-by-bit flow, wave= impulse_matrix (x) ideal bit-pattern 

1e-5 BER (no extrapolation) 

No jitter and noise 
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Channel and Equalization 

 .s4p taken from IEEE 802.3 public area. 

 -28.53 dB @ 16 GHz. 

 COM ver2.75. 

 Fixed TXLE, Fixed CTLE and 3-tap DFE. 

• Realistic channel and specification defined equalization used. 
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Top level overview 

Figure. Block diagram overview. 

TXLE Channel CTLE + 

Decision 

Circuit 
DFE 

Clock 

Recovery 

“fixed” “fixed” “fixed” 

clock_tick 

wave Stimulus 

 “Fixed” TXLE, channel and CTLE. 

 Zero-forcing DFE. 

 Two different phase detectors (part of clock recovery). 

1. Mueller-Muller (MM) Phase detector 
- Align the sampling clock so that precursor ISI equals to post-cursor ISI. 

2. Modified Mueller-Muller (Mod-MM) Phase detector 
- Modified version of the Mueller-Muller PD where the impact of first pre-cursor (pre-1) is removed. 

• The 

performance 

of MM PD and 

Mod-MM PD 

highly depends on 

the choice of 

transmitter 

equalization 

(TXLE). 

• This work does 

compare one 

phase detector 

with another! 



 

Results of Bit-by-bit flow 
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Results. Bit-by-bit flow. MM PD. 

 Reasonable matching of the EDA tools to get a 

similar positioned eye to the reference. 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

With clock_times 
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Results. Bit-by-bit flow. Mod-MM PD. 

 Observed is that none of the EDA tools are able 

to get a similar positioned eye matching the 

reference in the absence of sampling information 

from the receiver IBIS-AMI (w/o clock_times). 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

Without clock_times 

With clock_times 

With clock_times 
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Results. Bit-by-bit BER contour margin. 

Sampling Method EDA tool 

EH 

[mV] 

EW 

[UI] 

MM-PD 

Reference 26.6 0.66 

EDA #1 25.7 0.64 

EDA #2 26.4 0.67 

EDA #3 22.3 0.60 

EDA #4 24.7 0.54 

EDA #5 21.7 0.59 

EDA #6 25.6 0.65 

EDA #7 26.8 0.64 

Mod-MM PD 

Reference 14.4 0.64 

EDA #1 15.4 0.65 

EDA #2 13.8 0.64 

EDA #3 12.1 0.58 

EDA #4 12.0 0.50 

EDA #5 14.7 0.65 

EDA #6 15.5 0.62 

EDA #7 14.3 0.61 

 The results among 

the different EDA 

tools are in the 

ballpark of the 

reference.  

 Observed is a 

standard deviation 

of 2mV/0.05UI for 

the set of seven 

EDA tools. 



 

Results of statistical flow 
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Results. Statistical flow. MM PD. 
 EDA tools have to guess on sampling point 

information.  About half the EDA tools give a good 

representation compared to the reference. 

 

 Rx_Decision_Time to be incorporated into IBIS 

spec 7.1 

 

 EDA #4 appears to be scaling the differential 

waveform by two and may be dropped when 

noting the margin difference across the different 

EDA tools. 

With Rx_Decision_Time 

Without Rx_Decision_Time Without Rx_Decision_Time 

Without Rx_Decision_Time 

Without Rx_Decision_Time Without Rx_Decision_Time 

Without Rx_Decision_Time 

Without Rx_Decision_Time Without Rx_Decision_Time 
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Results. Statistical flow. Mod-MM PD. 

 Observed is that most of the EDA tools are not 

able to get a similar positioned eye matching the 

reference in the absence of sampling information 

from the receiver IBIS-AMI (w/o 

Rx_Decision_Time). 

 

 EDA #4 appears to be scaling the differential 

waveform by two and may be dropped when 

noting the margin difference across the different 

EDA tools. 

With Rx_Decision_Time 

Without Rx_Decision_Time Without Rx_Decision_Time 

Without Rx_Decision_Time 

Without Rx_Decision_Time Without Rx_Decision_Time 

Without Rx_Decision_Time 

Without Rx_Decision_Time Without Rx_Decision_Time 
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Results. Statistical BER contour margin. 

Sampling Method EDA tool 

Max. EH 

[mV] 

EW 

[UI] 

MM-PD 

Reference 25.6 0.67 

EDA #1 25.9 0.64 

EDA #2 25.9 0.66 

EDA #3 25.4 0.65 

EDA #4 53.3 0.66 

EDA #5 24.0 0.69  

EDA #6 26.0 0.65 

EDA #7 25.1 0.62 

Mod-MM PD 

Reference 14.2 0.67 

EDA #1 15.4 0.63 

EDA #2 14.9 0.61 

EDA #3 13.2 0.62 

EDA #4 33.2 0.67 

EDA #5 11.8 0.69 

EDA #6 14.7 0.63 

EDA #7 14.4 0.58 

 The results 

among the 

different EDA 

tools are in the 

ballpark of the 

reference.  

 Observed is a 

standard 

deviation of 

1.3mV/0.04UI 

for the set of 

seven EDA 

tools. 

EDA incorrectly scaling by 

two 



 

2. Importance of  
sampling information in IBIS 
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Sampling controls in the IBIS specification 
Statistical flow Bit-by-bit flow Comment 

Rx_Decision_Time 

- BIRD 205; status: Accepted 

- New! 

clock_times Tells the EDA tool about the sampling position 

Rx_Clock_PDF Rx_Clock_PDF Tells the EDA tool about the probability density function of the 

recovered clock (PDF) 

Rx_Clock_Recovery_Mean 

- BIRD 206; status: Accepted 

- Editorial change! 

Rx_Clock_Recovery_Mean 

- BIRD 206; status: 

Accepted 

- Editorial change! 

Tells the EDA tool about the static offset between the recovered 

clock and the point half way between the PDF medians of 

consecutive edge threshold crossing times 

Rx_Clock_Recovery_Rj Rx_Clock_Recovery_Rj Tells the EDA tool about the standard deviation of a Gaussian phase 

noise exhibited by the recovered clock 

Rx_Clock_Recovery_Dj Rx_Clock_Recovery_Dj Tells the EDA tool about the worst-case half the peak to peak 

variation of the recovered clock 

Rx_Clock_Recovery_Sj Rx_Clock_Recovery_Sj Tells the EDA tool about the half of the peak to peak variation of a 

sinusoidal phase noise exhibited by the recovered clock 

Rx_Clock_Recovery_DCD Rx_Clock_Recovery_DCD Tells the EDA tool about the half of the peak to peak variation of a 

clock duty cycle distortion exhibited by the recovered clock 

Table. Sampling controls in the IBIS specification. 

When model 

does not 

return 

sampling 

information 
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Experimenting with different sampling 

Figure. Block diagram overview. 

TXLE Channel CTLE + 

Decision 
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Clock 

Recovery 
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clock_tick 

wave 
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stimulus 

 “Fixed” TXLE, channel and CTLE. 

 Zero-forcing DFE. 

 Two different phase detectors (part of clock recovery). 

1. Mueller-Muller (MM) Phase detector 
- Align the sampling clock so that precursor ISI equals to post-cursor ISI. 

2. Modified Mueller-Muller (Mod-MM) Phase detector 
- Modified version of the Mueller-Muller PD where the impact of first pre-cursor (pre-1) is removed. 

• The 

performance 

of MM PD and 

Mod-MM PD 

highly depends on 

the choice of 

transmitter 

equalization 

(TXLE). 

• This work does 

compare one 

phase detector 

with another! 
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Wave and clock_ticks 

 

 The transition 

and non-

transition bits 

may serve to 

assess the clock 

tick placement. 

 The MM PD 

places the clock 

tick close to the 

optimal 

sampling. 

1] MM PD 

2] Mod-MM PD  
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Eye-diagram 

More  

symmetric eye 

Less  

symmetric eye 

1] MM PD 2] Mod-MM PD  
 The MM PD eye 

diagram 

appears 

qualitatively 

better than the 

Mod-MM PD 

eye because it 

yields a more 

symmetrical eye 

opening as well 

as more closely 

grouped 

trajectories. 
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Eye-margin 
 

EH= 33.76mV 

EW= 0.900 UI 

EH= 22.56mV 

EW= 0.757 UI 

 Eye height and 

eye width alone 

may be 

misleading, 

recommend to 

pay attention to 

the voltage and 

timing margin 

with regards to 

the sampling 

point. 

1] MM PD 

2] Mod-MM PD  



23 IBIS Summit at DesignCon 2021 

Eye-density 

 

 Eye-density 

along with SNR  

are good tools in 

noting the noise 

coming due to 

residual ISI and 

jitter & may 

serve as 

diagnostic tools. 

SNR= 5.05 dB SNR= 2.69 dB 

1] MM PD 2] Mod-MM PD  
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Animation showing eye generation (MM PD) 

24 

 The eye 

diagram is built 

by overlaying 

successive 

segments of the 

wave. 

 It provides a 

simple and 

useful tool to 

visualize ISI 

between data 

bits. 
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Animation showing eye generation (Mod-MM PD) 

25 

 The eye 

diagram is built 

by overlaying 

successive 

segments of the 

wave. 

 It provides a 

simple and 

useful tool to 

visualize ISI 

between data 

bits. 
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Importance of sampling 
 It is important for the EDA tool to use the 

sampling information given by the receiver 

IBIS-AMI model. 

Optimal sampling may lead to optimistic 

margin and not be representative of the real 

hardware. 

Figure. Impact of sampling on BER. 



 

3. Key takeaway 
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Key takeaway 

 It is important for the EDA tool to use the sampling information given by the receiver IBIS-
AMI model. 
 With sampling information returned by the RX IBIS-AMI model to the EDA tool, observed similar eye shape and 

sampling point across the different EDA tools. 

 The IBIS specification calls out ‘RECEIVER RECOVERED CLOCK RESERVED PARAMETERS’, which may be 
used to specify characteristics of the receiver's recovered clock. 

 Results of bit-by-bit flow show variation in the absolute value of EH and EW at 1e-5 BER for 
1e6 bits despite the same wave and clock_times along with bit-pattern. 

• Further work is needed in working with the different EDA tool vendors in looking at the results. 

 



Thanks! 
You can find me at: 

Any questions? 

hanseldsilva@achronix.com 
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BER contour script  


