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Introduction to High-Speed Links

ÅHigh speed digital links or 
wired links are ubiquitous 
ÅWide variation of speed and 

applications, operating 
conditions
ÅLimited ports requiring 

multiplexing at high-speeds
ÅGrowing demand of higher 

data rate and throughput



SerDes
ÅSerializer Deserializer
ÅSend Data and Clock

ÅConstant increase in speed 
(~100Gbps)

ÅSpecial case of Mixed-Signal 
(DSP+RF)

ÅEvaluating Equalization techniques

ÅExample

Å Ethernet

Å Universal Serial BUS

Å DDR (with CDR)

Å PCI
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Typical SerDes system: TX, RX and channel
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Typical workflow

Å Code algorithms

Å Test and debug code

Å Generate IBIS model from 

algorithmic code

Å Use IBIS-AMI models from multiple vendors

Å Sweep parameters

Å Run large solution spaces

Å Measure and report to interface-specific masks

Algorithm Design
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Algorithm/Model Development Environment

System Development Environment

SerDes Architect/ 

Analog/Mixed Signal Designer

IBIS-AMI Modeler

SI Engineer

Å Needs multiple 
expertise

Å Iterative and 
long 
verification

Å Hard to model 
analog effects 



Mixed-Signal Design with MATLAB and 
Simulink

Co-simulation

HDL Code generation

SystemVerilog Model export

Analysis

IBIS AMI Model generator

SPICE import
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Modeling Approaches

Algorithms Behavioral Models

Control LogicPhysical Network



System-level modeling workflow 

ÅDesign and analyze transmitters and receivers 
with the SerDes Designer app 

ÅDevelop equalization algorithms with MATLAB 
System objects and Simulink blocks
ÅFFE, DFE, AGC, CDR, CTLE, etcΧ

ÅPerform SerDes statistical analysis and time-
domain simulation

ÅGenerate dual IBIS-AMI modelsfor 3rd party 
channel simulators

ÅUse reference designs for high-speed links 
such as Ethernet CEI-56G, DDR5, PCI-Gen4



Starting point: SerDes app

Plot analysis results

Export to:

- MATLAB

- Simulink

- IBIS-AMI

Component 

specifications High-speed 

link 

- Modulation

- Sample rate

- Signalling

Report

Add SerDes 

components





Export to Simulink



Statistical vs. Time Domain
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Performance verification

ÅExport to Simulink models for 
time-domain simulation

ÅModel non-linear effects such as 
saturation

ÅCustomize blocks and 
equalization algorithms

ÅEnable global adaptation, and 
back-channel optimization



Architectural Exploration

White-box (customizable) 

models

Simulate and customize adaptive equalizers

Channel modeling

Global 

Parameters



Channel & CTLE Modeling

ÅManipulate frequency data to extract the 
desired information

ÅConvert single ended S-parameters, 
select port-pair configuration

ÅAnalyze impedance, attenuation, phase 
delay

ÅUse rational fitting for time-domain 
simulation

ÅAnalyze and enforce passivity

ÅCausal by construction

ÅNo overfitting of noise 

ÅAnalyze impulse response, poles and zeros
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S-Parameter Import

ÅS-Parameter Fitter App

ÅAccessible from SerDes Designer App, Analog 
Channel block in Simulink, and command line

ÅPush button experience customers want!

ÅS-Parameter Fitter Class enhanced

ÅSignal-Ended support (DDR5)

ÅCrosstalk support



Improved accuracy with bottom-up modeling

ÅImport Data

ÅPreprocess Data

ÅFit Data

ÅVisualize Data & Fit

ÅIntegrated with 
ÅSerDes Designer App

ÅCTLE Blocks



Example of inclusion of Non-Linearity

SerDes App

Simulink Export

Rate limiter



New Examples

ÅS-Parameter to Impulse 
Response 

ÅGlobal Optimization 

ÅCustom Block Workflow ςEdit 
CTLE

ÅCustom Block Workflow ςUse 
any Simulink block



Advanced example for high speeds

ÅShow how to more precisely explore the tradeoffs between:

ÅNumber of interleaved ADCs

ÅGain, timing, bandwidth and voltage offsets between the interleaved ADCs

ÅDemuxwidth 

ÅDSP adaptation loops



Customer reference: Intel

Å56G PAM4 IBIS-AMI Model ÅDesignCon 2020ς
ÅDfA( Design for AMI) ςA New 

Integrated Workflow for Modeling 
56G PAM4 SerDes Systems

https://nl.mathworks.com/videos/design-for-ami-a-new-integrated-workflow-for-modeling-high-speed-pam4-serdes-systems-1576050446145.html
https://nl.mathworks.com/products/serdes.html


Correlated Simulations

Time domain results

Init (Statistical) results



Generation of IBIS-AMI
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Generation of IBIS-AMI

ÅGenerate standard-compliant Init and 
GetWaveIBIS-AMI models

ÅGenerate associated analog IBIS model 

ÅCustomize the model interface by 
managing the IBIS- AMI-parameters

ÅRetimer& redriver:

ÅConnects Rx to Tx per IBIS-AMI spec

ÅI/O:  Bi-directional for DDR applications



Integration for testing

Å Build your model in SerDes Toolbox and export an IBIS-AMI 

model directly into Signal Integrity Toolbox for Regression 

Analysis

Å Sweep your IBIS-AMI model parameters to test them with 

various channels in Signal Integrity Toolbox

Å If there are any issues, the test case can be pushed back to 

SerDes Toolbox / Simulink where you have full debug capabilities



Verifying the IBIS-AMI model with the channel
ÅSweep parameters to explore the to find the best solution

ÅBuild schematics to test the signal integrity of high-speed end-to-end serial and parallel links

ÅTest components and/or system designs for industry standard compliance

ÅPerform channel, statistical, and time-domain analyses and visualize the results

ÅImport PCB files for post-layout verification

ÅImport IBIS-AMI models for testing



Pre-layout Analysis workflow

ÅSerial Link

Å Determine optimal equalization settings

Å Predict operating margins and bit error rates

Å Perform network, statistical, and time-domain 
analysis

ÅParallel Link

Å Determine setup/hold timing and voltage margins

Å Conduct waveform and timing analysis

Å Analyze interfaces for timing and signal integrity 
compliance



Pre-layout Analysis: solution space
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Building schematic: Configure Via



Building schematic: Configure Transmission 
Line



Importing and Edit s-parameter Models

Import and manage various types 

of models When importing S-Parameters, use the S-Parameter Checklist to verify 

their quality before use



S-parameter checker



Design Space Exploration ςSweep parameter

3 trace 

impedances

11 skew values

15 trace lengths

1000ôs 

of 

simulati

ons



Design Space Exploration - Parallelization



Design Kit for Industry Standards



Simulation Technology
ÅPerform Channel Analysis ςprovides 

network characterization results 
which includes un-equalized system 
responses such as impulse response, 
step response, pulse response, 
S-Parameters, transfer functions, and 
more.

ÅInclude Statistical Analysis ςresults 
such as statistical eye, BER, bathtub, 
contour, crosstalk, and more.

ÅInclude Time-Domain Analysis ς
results such as persistent eye, BER, 
bathtub, contour, deterministic jitter 
probability function, crosstalk, and 
more.





Post-layout 

Å Use RF PCB Toolbox to import PCB files

Å Compare pre- and post-layout nets to each other

Å Easily identify any issues

Å Incorporate fixes and re-simulate

Å Altium Designer
Å Cadence Allegro
Å Cadence APD
Å IBIS EBD 
Å Intercept Pantheon

Å Mentor Board Station
Å Mentor Expedition PCB
Å Mentor PADS Layout
Å ODB++
Å Zuken

Pre-layout Post-layout



Post-layout to Pre-layout

ÅIncludes etch, vias, connectors, and discrete components for each board

ÅTopology can now be modified using Pre-Layout GUI to find solution



New for R2022b ςPAMnIBIS-AMI Model 
Support

Now use IBIS-AMI models with PAM3, PAM8, PAM16 modulation for use with next 

generation USB4, GDDR7, MIPI A-PHY, and Automotive SerDes Alliance Motion Link



New for R2022b ςDesign Kits for Industry 
Standards



Two DesignCon 2022 Best Paper Award 
Winners!



Infineon Accelerates Development of IBIS-AMI Models for SerDes 
Designs

Challenge
Produce a complete IBIS-AMI model of a SerDes system for a key 
customer on an aggressive schedule

Solution

Use Simulink and SerDes Toolbox to develop, verify, and deliver 
an IBIS-AMI model in two weeks

Results
Á Complete IBIS-AMI models delivered in two weeks

Á Development ramp-up accelerated

Á In-house IBIS-AMI capability developed

ά¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ŎǊŜŀǘƛƴƎ ŀƴŘ ŎƻƴŦƛƎǳǊƛƴƎ L.L{-AMI models 

with SerDes Toolbox is straightforward and fast to learn. 

After completing it once ourselves, we had full control 

over IBIS-AMI model creation, and eliminated our 

ŘŜǇŜƴŘŜƴŎŜ ƻƴ ŎƻƴǘǊŀŎǘƻǊǎΦέ

- Syed Babar Raza, Infineon

Infineon semiconductor.

Link to user story

https://www.mathworks.com/company/user_stories/infineon-accelerates-development-of-ibis-ami-models-for-serdes-designs.html


Summary
SerDes Toolbox

Signal Integrity Toolbox

RF PCB Toolbox


