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Tim to Market

• Varieties of Applications

• Rapidly increased Data Rate

• High System Cost

• Short Developing Time

Design Challenge



High-Speed, 
High-Density 
Backplanes 

& Arrays

High 
Precision RF 
connectors

Cable 
assembles
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and 

outside 
the box

Interconnect in System Designs



Simulation

Quick Accuracy Cost Flexibility

Most of the

simulation could

be completed 

In an hour

Correlated to

measurements

$ = 0,

EDA tools 
are still 

relatively cheap

Model 
cascading, time 

/frequency 
domain

- S-parameter

Solution!



!Port 47 -> Port 23 : Port 47 Device 3 (Port47) -> Port 23 Device 1 (Port23)!Port 48 -> Port 24 : Port 48 Device 3 (Port48) -> Port 24 Device 1 (Port24)# Hz S RI R 
500 -0.0001067929 3.124624e-20 0.000211937 -6.664504e-21 5.902059e-05 -5.840405e-21 -6.222419e-06 1.385137e-21 -
3.040002e-05 9.34035e-21 -4.439419e-06 1.812956e-21 -6.841615e-06 3.044796e-21 -3.552802e-08 1.403164e-21 -4.36011e-06
 2.555351e-21 4.033388e-06 3.146737e-22 -3.018583e-06 1.382969e-21 -2.787382e-06 1.275768e-21 8.751369e-08
 9.660581e-23 3.967617e-07 -2.721632e-23 -6.845737e-08 7.264473e-23 -1.564562e-07 6.163354e-23 -2.465929e-07
 1.51621e-22 4.970041e-07 -3.573997e-23 -1.925251e-07 9.528413e-23 3.638336e-09 5.689533e-24 -9.938897e-08
 4.049518e-23 -4.81181e-08 1.939339e-23 1.566985e-08 -5.912517e-24 2.535532e-08 -1.016664e-23 0.9995277
 1.817246e-20 0.0001332831 -4.292602e-21 5.163749e-05 -8.893213e-22 -2.223801e-07 -7.179239e-22 -2.253362e-05
 4.886177e-21 2.064946e-06 1.058574e-21 3.713774e-06 5.513141e-22 1.079765e-05 -7.006312e-22 3.622087e-06
 8.363421e-22 1.10457e-05 -1.31153e-21 1.670735e-06 1.008197e-21 -1.097222e-07 1.257355e-21 3.014988e-07
 5.670613e-23 8.623696e-07 -1.658972e-22 4.358294e-07 -4.416695e-23 2.464381e-07 -2.320894e-23 -2.399713e-07
 1.070272e-22 3.039843e-07 9.244841e-24 -1.232292e-07 1.031249e-22 1.071701e-07 4.931477e-25 -2.097692e-09
 1.964932e-23 2.548339e-08 6.181016e-24 2.2845e-08 -6.038986e-24 4.414836e-09 1.505621e-24 0.0002125729 -
6.770855e-21 0.0009434404 3.313542e-20 -0.0002125397 4.027306e-20 4.174755e-05 -1.759479e-21 8.932877e-05 -1.049048e-20
 2.718005e-05 -2.438338e-21 2.623874e-05 1.981556e-22 2.066393e-06 2.989187e-21 1.591516e-05 1.189682e-22 -
1.052405e-05 3.509584e-21 1.600073e-05 7.796477e-22 1.755581e-05 -1.095816e-22 -5.872662e-08 -7.871352e-23 -4.585049e-07
 2.325969e-22 1.538728e-07 4.297683e-23 2.941905e-07 3.475644e-23 -5.70891e-07 -2.867116e-22 -1.589543e-06 -
4.488724e-23 -7.383585e-08 1.13976e-24 2.151575e-07 4.281646e-23 1.111008e-07 -2.217965e-23 6.386276e-08 -1.822876e-23
 1.036757e-08 6.796749e-24 5.952571e-08 -9.242278e-25 -7.669597e-05 6.328936e-21 0.9994346 2.112362e-20 -
0.0001606487 2.563056e-20 -8.46825e-06 -4.138338e-22 5.314097e-05 -1.70145e-22 -4.188637e-06 -5.596447e-22 -1.570246e-05
 3.461221e-21 -3.802896e-05 5.287944e-21 -1.892614e-05 3.208506e-21 -4.248827e-05 6.854006e-21 -9.795082e-06
 1.635574e-21 -5.060027e-06 9.690999e-22 -6.784299e-07 -2.494766e-22 -1.328184e-06 1.927284e-22 -6.861795e-07
 8.004083e-23 -2.628812e-07 9.519269e-23 -2.947188e-07 -2.033929e-22 -8.530784e-07 -2.591049e-23 -2.804269e-07
 1.449402e-23 3.223342e-08 2.645496e-23 -1.287516e-08 -5.711865e-24 -3.035276e-08 8.979675e-24 -8.949428e-08
 6.457751e-23 -1.163351e-07 5.470086e-23 5.905015e-05 -5.844864e-21 -0.000211405 4.000145e-20 -0.0001028291
 5.288053e-20 -5.419147e-05 1.996486e-21 0.0001500862 -1.246947e-20 3.345648e-05 -2.269116e-21 2.267712e-05 -
1.254497e-22 5.452251e-07 2.920476e-21 1.389287e-05 2.955013e-22 -9.270417e-06 3.485288e-21 1.685428e-05 8.786195e-22
 1.878601e-05 3.491575e-23 2.331981e-07 -1.152808e-22 -5.561682e-07 1.789458e-22 1.484601e-07 3.5744e-23
 1.952033e-07 4.796438e-23 2.865586e-07 -3.157812e-22 -6.786492e-07 -1.435452e-22 -1.555758e-07 1.01095e-23
 1.802112e-07 2.4003e-23 1.42312e-07 -1.875188e-23 1.095213e-07 -9.730406e-24 1.931846e-08 1.867664e-23
 1.054182e-07 1.362388e-23 3.489282e-05 -6.493814e-21 -0.0001617183 2.036803e-20 0.9995217 1.731168e-20 -
4.01557e-05 2.227954e-21 9.203397e-05 7.994009e-21 -8.416124e-06 -1.90744e-22 -1.057203e-05 2.674472e-21 -3.314771e-05
 4.969709e-21 -1.873214e-05 3.369211e-21 -3.956749e-05 6.724166e-21 -1.061921e-05 1.958679e-21 -6.460147e-06
 1.349368e-21 2.726512e-07 -3.292344e-22 -8.214372e-07 9.478417e-23 -4.522048e-07 4.855537e-23 -3.10425e-07
 9.282952e-23

How Samtec Builds S-parameter Models

Pin #1 Pin #2 Pin #3 Pin #4

GND Port 1

Port 5

Port 2

Port 6

Port 3 Port 4

Port 7 Port 8

Magnitude Phase

Frequency All Ports і

R



What You Should Care About 
S-parameter Models

Signal 
Mapping

Port 
Count

Model 
Boundary

Model 
Bandwidth



Model Bandwidth

PCIe 3.0 IL 7.5 GHz
PCIe 4.0 IL 10 GHz
PCIe 5.0 IL  24GHz

PCIe 3.0 RL 12 GHz
PCIe 4.0 RL 10 GHz
PCIe 5.0 RL  24GHz

PCIe 3.0 PS XT 12 GHz
PCIe 4.0 PS XT 10 GHz
PCIe 5.0 PS XT 24GHz

PCIe 3.0 PCIe 4.0 PCIe 5.0

How high the model bandwidth do you need?



Port Mapping and Port Counts

Pair 1 Pair 2 Pair 3 Pair 4

GND Signal 1 Signal 2 GND Signal 3 Signal 4 GND Signal 5 Signal 6 GND Signal 7 Signal 8 GND

-45dB

-70dB

-82dB

GND GND Signal 1 Signal 2 GND GND Signal 3 Signal 4 GND GND Signal 5 Signal 6 GND GND



Model Boundary

• Pin definition simulated

• Pin Mapping:  GGSSGG

• PCB effects

• No PCB effect

• Bandwidth: 0 GHz- 30 GHz 

• Linear Steps: 10 MHz 
(2001 points) 

• Max Delta S: 0.0075

• Number of passes: 30

• Sweep type: Interpolating

• Pin definition simulated

• Pin Mapping:  GSSG

• PCB effects

• IT180 w/ 1mm of microstrip 
trace on each side

• 2mm in total

• Antipad under signal pads

• Bandwidth: 0 GHz - 20 GHz 

• Linear Steps: 10 MHz (2001 points) 

• Max Delta S: 0.01

• Number of passes: 30

• Sweep type: Interpolating

Two Row Connector Array Connector High Precision RF

• Footprint Details 
(Layer 9 (of 14)

• 65mil thru

• 8 mil stub (back

• drilled)

• ~2.5mm low loss 
lead in trace

PIN 2 4 6 8 10 12 14 16 18 20

QTE 19
2
0

21 22 23 24

QSE 7 8 9 10 11 12

Assembly Row 2 G S S G S S G S S G

Assembly Row 1 G S S G S S G S S G

QSE 1 2 3 4 5 6

QTE 13
1
4

15 16 17 18

PIN 1 3 5 7 9 11 13 15 17 19



Keysight ADS



S-parameter in Keysight ADS

Loss 
characteristics

TDR

Circuit

Eye Diagram

S-parameter Tool 
Kit

Simulators Functions Results



S-parameter Tool Kit

One Model Only 

Frequency 
Domain

TDR/TDT

Model Quality



S-parameter Tool Kit - Port Mapping

Connector Port Mapping 



S-parameter Tool Kit - Frequency Domain



S-parameter Tool Kit - TDR/TDT



Simulators in ADS

S-parameter

Transient

ChannelSim

Multiple 
models

Passive 
components

Channel

• Short Simulation time

• Compliance Simulation

• Loss Contribution for 
Each component

• Find the “Good Enough”



Simulators - Frequency Domain Simulation 



S-parameter - The Port Mapping!

Connector Port Mapping



S-parameter Simulator - Mode Conversion



S-parameter Simulator - Display Template



ChannelSim - Eye Diagram

Package model

Package model

Connector model



Eyes



ChannelSim - Eye Diagram (IBIS AMI)

IBIS AMI Model 



Transient - Circuit 

292-CM



Summary

IBIS AMI Model 

• Frequency dependent

• Accurate

• Easy to use

• Short simulation time

• Good for both frequency and time domain

• Good for different EDA tools

• Available for most of the connectors & Cables



samtec.com/geekspeek

geekspeek@samtec.com

SIG@samtec.com
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