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Introduction to IBIS and FEM-based simulations
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SUMMARY 
● Present state of simulation in KiCad
● FEM simulations
● Power integrity
● Signal integrity
● IBIS



  

Present state of simulation in KiCad
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Spice simulations
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U=RI I=C dU
dt

I=Is {e
U
n .V T−1} A SPICE simulation allows for:

– Time response analysis

– Frequency response analysis

– DC analysis

– Much more...

SPICE = “Simulation Program with Integrated Circuit Emphasis”

KiCad provides a graphical interface to a spice engine: ngspice.

A simulation provides a way to design and to validate a project.

But we cannot model everything...



  

FEM: Finite Element Method
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What is FEM?
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Electric charges contribute to the electric field

There is no magnetic monopole

A changing magnetic field creates an electric force

Electric currents create magnetic fields,
a changing electric field behaves like a current

FEM: Slice the board into small domains, then solve Maxwell’s equations on each domain

Maxwell’s equations



  

FEM: workflow
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Integrated workflow already working in prototype versions

Board layout
Define objects of interest
Turn it into a geometry

Create a mesh Define EM equations
Solve equations
If needed, refine the mesh

Visualize output

Get values



  

Power integrity
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Power integrity: Stakes
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( From the ATmega328P datasheet )

In the gray area, the device should work as expected
Outside, it may or may not work
We may face:

● A power off
● Resets
● Glitches

→ We have to stay in the safe operating area

A good power integrity also helps with EMI
(Electromagnetic interference)



  

Power integrity: Root causes
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Voltage regulators are not perfect:
● DC voltage can be different from the nominal voltage
● The load regulation is not perfect

The power delivery network ( PDN ) is not perfect:
● The copper resistivity leads to a DC voltage drop
● Its inductance leads to a frequency-dependent voltage drop



  

Power integrity: Mitigation
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The voltage drop is U( f ) = Z( f ) . I ( f )

We want the voltage drop to be lower than a target voltage, Uo.
U ( f ) < Uo ( f )
Which is equivalent the impedance being lower than a target impedance, Zo. 
 Z( f )  < Zo ( f )

We add capacitors to lower the impedance. At high frequencies, we rely on the capacitance provided by the PCB itself

Impedance vs frequency Voltage vs time

GREEN: without capacitor
RED: with capacitors

The target impedance depends on the application



  

FEM: Application example – Voltage drop (3D)
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Related applications:
● Visualization of potential / current distribution
● Via stress analysis
● Resistance of complex geometries ( copper zones )
● AC variant → Power delivery network impedance

PCB editor Electric potential Current density



  

FEM: Application example – Voltage drop - Setup
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The user chooses a net.
The user defines voltage sources and current sinks.
There can be multiple sources, and multiple sinks.

( This GUI is for development purposes )



  

FEM: Application example – Capacitance
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Related applications:
● Power integrity ( plane capacitance )
● Some RF applications? 



  

FEM: Application example – Capacitance - Setup
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( This GUI is for development purposes )



  

Signal integrity
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Signal integrity: Stakes
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Threshold voltages for some logic families
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1s and 0s are digital information, and can only take two values.
We use analog signals to transmit bits which can take any value.
Between 1 and 0, there is always an undefined value.

Blue: 1
Gray: undefined
Red: 0



  

Signal integrity: what can go wrong
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Threshold for ‘1’

Threshold for ‘0’

Minimum voltage

Maximum voltage

Intended signal 
Simulated signal

with components only
Simulated signal

IBIS and PCB

Exceeding the safe voltage range of the component can deteriorate the component.
Crossing multiple times can lead to multiple captures.



  

FEM: Application example – Track impedance
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Any track has a characteristic impedance defined by its capacitance and its inductance.
Maintaining a constant impedance is a key for signal integrity.
The receiver should match the track impedance.
This is not a high-frequency problem, but a low rise time problem.

Blue: 0 % matching
Yellow: 66 % matching
Red: 100 % matching



  

FEM: Application example – Track impedance - Setup
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Signal Integrity: Eye diagram
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Time plot Eye diagram

The eye diagram is a compliance test
Using a random sequence, we can measure the ISI
(inter symbol interference)
The signal should not enter the mask

Overshoot

Undeshoot

Jitter



  

IBIS: I/O Buffer Information Specification
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What is IBIS?
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● IBIS ( IO Buffer Information Specification ) is a open file format ( ibis.org )

● It is not a model, but an electrical description of a component

● Manufacturers are reluctant to provide SPICE models

● We can infer a working SPICE model from it 

● There is a lot of information that can be extracted:

– Push / pull transistor characteristics

– Imbalance in transistors / differential pairs

– Die capacitance

– Pin capacitance, inductance and resistance

– Much more



  

IBIS: Behavioral model
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A push-pull output, patent US4329728A, expired Model that can be used for all IBIS descriptions

An output / input stage can be complex with a lot of components
A model derived from an IBIS description is a lot faster than a full SPICE model



  

IBIS file formats
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.ibs
die

(+package)

.pkg
package

.ebd
PCB

.ami
algorithms

.ims
interconnect

In this presentation

What manufacturers
usually give



  

IBIS: What is inside? R, L, C, and diodes
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Package parasitic values
( can be defined for individual pins )

Diodes: Current VS voltage tables ( IV tables )



  

IBIS: What is inside? Transistors and waveforms
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Transistor: Current VS voltage tables ( IV tables )

Waveforms ( VT tables )



  

IBIS: How to build a model
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Falling / rising waveforms are given for a specific load with 
a fixture voltage ( usually VCC or GND )

We don’t have transient information for the transistors

We apply time dependent Ku/Kd modifiers to the transistor 
IV tables. ( 1: current flowing, 0: no current flow )

=> Two unknowns

We need to build a spice model for each bitstream we want to use 

At the point in red, the sum of currents is equal to zero.
=> One equation

We can have two rising /falling waveforms with two 
different fixtures.

=> One equation

With 2 unknown and 2 equations, we can easily solve for Ku / Kd 
With 2 unknown and 1 equations, we have to assume simultaneous switching ( Kd = 1 – Ku )



  

IBIS: Building a model from KiCad
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IBIS Parser
Currently up to version 3.2

IBIS Modeler Spice Interface
Add all other components

Complete model

Incomplete model Ku / Kd values

IBIS file
( .ibs )

There are plans to make the parser and 
modeler available outside of KiCad



  

IBIS: Simulation examples ( SN74HCS244 )
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Package parasitics
Can vary from a chip to another

Supply voltage
Typical, minimum and maximum 

behaviors are defined

Modeling accuracy
( Red: 0 waveform pairs )

( Yellow: 2 waveform pairs )



  

Conclusion
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What could change in KiCad
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● New ways to model things
● IBIS support
● New transmission lines topologies in PCB calculator ( eg: differential stripline )

● New simulations accounting for the actual layout:
● Via stress analysis
● Power integrity analysis
● Signal integrity analysis
● Crosstalk analysis

● New features:
● Auto-track width to maintain a constant characteristic impedance
● New DRC rules based on  PI / SI
● Add measurements of track delay, capacitance, resistance, etc..

But it’s a long road...



  

Conclusion
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Conclusion:
● KiCad would benefit from advanced simulation capabilities 
● Power and signal integrity simulations need PCB simulations
● FEM provides a way to extract information to get a SPICE model
● IBIS provides a way to get accurate and fast SPICE models

Special thanks to:
● Thomas Pointhuber ( KiCad )
● Alexandre Halbach ( Sparselizard )
● Holger Vogt ( ngspice )
● The KiCad team



  

Thank you for attention
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