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Why do we care? 
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Data Rate, Gbps 

Code Type 

Bit or Symbol Time 

ps 

Rise Time 

ps 

Nyquist Frq. 

GHz 

Analysis or Meas. 

Bandwidth, GHz 

10, NRZ 100 50 5 20 

16,NRZ 62.5 30 8 32 

28, NRZ 35.7 18 14 54 

32, NRZ 31.25 16 16 61 

56, PAM4 35.7 18 14 54 

64, PAM4 31.25 16 16 61 

128, PAM4 15.625 15 32 89 

128, PAM4 15.625 10 32 108 

Microwave 

Millimeter Wave 

and we need to validate our analysis with measurements over such 

bandwidths – this is necessary element for design success! 

Because the signal bandwidth is increasing… 
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Analysis to Measurement Validation 
 Formal “Sink or Swim” systematic design process was introduced at 

 Y. Shlepnev, Sink or swim at 28 Gbps, The PCB Design Magazine, October 2014, p. 12-23. 

 M. Marin, Y. Shlepnev, Systematic approach to PCB interconnects analysis to measurement validation, Proc. of 2018 

IEEE Int. Symp. on EMC and SIPI, July 30- August 3, 2018, Long Beach, CA. 

 Though, the last validation step was “visual” assessment like that 

 

 

 

 

 

 

 Feature Selective Validation was the alternative – tried to use it… 
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Feature Selective Validation (FSV) 
1. Apply Fourier Transforms to compared data sets (amplitudes of S-

parameters) 

2. Apply low-frequency (LF) and high-frequency (HF) filters and Inverse 

Fourier Transforms to get 2 sets of filtered data 

3. Compute Amplitude Difference Measure (AMD) with data filtered with 

LF filter, to compare amplitudes and trends 

4. Compute Feature Difference Measure (FMD) with data filtered with HF 

filter, to compare rapidly changing features 

5. Combinations of AMD and FMD gives Global Difference Measure 

(GMD), that can be used to evaluate and rank the difference from 

excellent (y<=0.1) to very poor (y>1.6)  

 

 

 

 

 

 

 
IBIS Summit 2021 5 

Recommended by IEEE Standard 1597.1/2 for automated validation 

Overview and details in A.P. Duffy, G. Zhang, FSV: State of the Art and Current Research Fronts, IEEE Electromagnetic 

Compatibility Magazine, Volume 9, #3, 2020, p. 55-62. 

 

Relatively complicated - we needed something simpler and working both for amplitude and angle… 



New Way to Look at S-parameters 

Nyquist/Polar Plots 

Real-Imaginary-Frequency or RIF Space –  

NO INTERSECTIONS – can be used for comparisons 

Bode Plots 
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3D Spiral Plots 
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Distance Between 2 S-Parameters in RIF Space 
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Modified Housdorff Distance(MHD) 

for S-Matrix Element i,j 

MHD for S-Matrix NxN: 
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S-Parameters Similarity (SPS) Metrics: 

1,1sa

Frequencies are divided by fnorm – it defines unit along the frequency axis 

(compresses it) and allows comparison of non-identically sampled data sets 
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Simple Example: Beatty Resonator 
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|S11| 

|S12| 

|S11| 

|S12| 

Adaptive frequency sampling is used – more frequency points at the resonances 
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Beatty Resonator: 3D Spiral Plots 
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S11 S12 
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Beatty: Bode Plots for Small Difference 
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|S11| 

|S12| 

S11 

S12 

Delay in 25 Ohm section 80 ps vs 81 ps 
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Beatty: Similarity of 3D Spiral Plots and SPS  
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S11 

S12 

SPS11=95.35% SPS12=94.94% 

fnorm=1GHz 

1,1sb

1,1sa

Delay in 25 Ohm section 80 ps vs 81 ps 
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Beatty: Bode Plots for Large Difference 
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|S11| 

|S12| 

S11 

S12 

Delay in 25 Ohm section 80 ps vs 88 ps 
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Beatty: Similarity of 3D Spiral Plots and SPS 
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S11 S12 

SPS11=70.02% SPS12=70.15% 

fnorm=1GHz 

1,1sb

1,1sa

1,2sa

1,2sb

Delay in 25 Ohm section 80 ps vs 88 ps 
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CMP-28: 2-inch strip segment 
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S11: 

model – blue 

meas. – brown 

S21: 

model – blue 

meas. – brown 

Designed and Measured 

by Wild River Technology 

Modeled with Simbeor 

Guide to CMP-28/32 

Simbeor Kit, CMP-28 

Rev. 4, Sept. 2014. 
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https://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf
https://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf
https://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf
https://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf


CMP-28: 2-inch Strip Segment - S11 
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model – blue 

meas. – brown 

     from model to meas. for S11  

with fnorm=1GHz 
SPS(10)=97.51% 

SPS(35)=93.72% 

SPS(50)=87.96% 

frq, GHz 

ksa

1,1sa

1,1sb

rifdrifd

S11 

MHD and SPS 
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CMP-28: 2-inch Strip Segment – S12 
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model – blue 

meas. - brown 

     from model to meas. for S12 

with fnorm=1GHz 
SPS(10)=99.10% 

SPS(35)=98.52% 

SPS(50)=96.9% 

frq, GHz 

1,2sa

1,2sb

rifd

S12 

MHD and SPS 
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CMP-28: 2-inch Strip Segment – S21 
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model – blue 

meas. - brown 

2,1sa

2,1sb
S21 

     from model to meas. for S21  

with fnorm=1GHz 
SPS(10)=99.11% 

SPS(35)=98.54% 

SPS(50)=96.93% 

frq, GHz 

rifd

MHD and SPS 
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CMP-28: 2-inch Strip Segment – S22 
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model – blue 

meas. – brown 

2,2sa

2,2sb

     from model to meas. for S22  

with fnorm=1GHz 
SPS(10)=97.15% 

SPS(35)=92.56% 

SPS(50)=84.68% 

frq, GHz 

rifd

S22 

MHD and SPS 
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Normalization Frequency and Sampling 
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Identical sampling in model and measurement:  

(5000 points from 10 MHz to 50 GHz), frqmax=35GHz 

Adaptive model sampling (1525 points from 10 MHz to 50 GHz), 

equidistant measurement (5000 points from 10 MHz to 50 GHz), 

frqmax=35GHz 

Small dependency on fnorm with the 

identical sampling 

Small dependency on fnorm from 100 MHz 

to 1 GHz with the non-identical sampling 

fnorm defines unit along the frequency axis 

and allows comparison of non-identically 

sampled data sets 

CMP-28: 2 inch strip line case 
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CMP-28 – Complete Picture 
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Single-ended Mixed-mode 



EvR-1 Validation Platform and Brackets 
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SPS Brackets: 

[99, 100] Good 

[90, 99)   Acceptable 

[80, 90)   Inconclusive 

[0, 80)     Bad 

M. Marin, Y. Shlepnev, 40 GHz PCB Interconnect Validation: Expectation vs. Reality, DesignCon2018, January 31, 

2018, Santa Clara, CA. - #2018_01 at https://www.simberian.com/AppNotes.php 
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https://www.simberian.com/AppNotes.php


EvR-1: C4_VIAS - Long Stubs and Localization Problem 
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SPS(30)=81.66 
|S11| 

|S12| 
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EvR-1: C5_VIAS – No Localization 
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SPS(30)=80.98 |S11| 

|S12| 
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EvR-1: Meander – Sensitivity to Delay 
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   95.3805   80.7767 

   80.7744   96.0296 

SPS(30) 
|S11| |S12| 

Meas. 

Meas. Model 

S12 Phase Delay 

Model 

24 



Other Applications: Finding Measurement Matching Model 
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The largest SPS values are for models that created for corresponding measured 

structures – SPS(30) with fnorm=1GHz 
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All are 2-port S-parameters 



Other Applications: Finding Port Mapping 
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   93.8649   35.9115   34.2403   97.6833 

   35.9042   94.3134   97.9695   34.3053 

   34.2412   97.9843   94.7716   35.8398 

   97.7408   34.3058   35.8304   95.2950 

bottom_5cm vs. BOTTOM_5CM_2_4MM: 

SPS=34.2403% 

Wrong port mapping 

or no mapping 
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1 

2 

3 

4 

Modeled: 1—3, 2—4;  

Measured: 1—2, 3—4;  

   93.8649   98.1029   97.4252   97.6833 

   98.1014   94.7709   97.9843   95.8049 

   97.4376   97.9695   94.3135   98.0679 

   97.7408   95.8234   98.0640   95.2950 

bottom_5cm vs. BOTTOM_5CM_2_4MM: 

SPS=93.8649% 

With correct model port mapping 

1->1,2->3, 3->2, 4->4  



Conclusion 

 A new S-parameters similarity SPS metric is defined through 

modified Hausdorff distance in 3D RIF space 

 The metric is intuitive, simple to implement, computationally 

straightforward and robust 

 Tiers or levels can be introduced for a particular application domain 

 It may compliment FSV as the first-pass quick and easy evaluation 

of S-parameters similarity 

 See details and code snippets are in Simberian App Note  
#2021_05: Y. Shlepnev, S-Parameters Similarity Metric, May 24, 2021 
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https://www.simberian.com/AppNotes/SParametersSimilarityMetric-2021-05-24.pdf
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