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EBU Product Management



ELECTROMAGNETIC SIMULATION

2

REAL PRODUCT NUMERICAL MODEL ςVIRTUAL PROTOTYPE



ANSYS HFSS
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ADAPTIVE MESH REFINEMENT

ÅAutomated Precision

ÅAutomated Mesh

ÅAutomated Accuracy
ï Meshing algorithm adaptively refines mesh throughout geometry

ï Iteratively adds mesh elements in areas where a finer mesh is needed to accurately represent field behavior

ÅResulting in an accurate and efficient mesh



ANSYS SIMULATION TECHNOLOGY 
ISO 11452-4 Example - BCI

4

REAL EMC TEST VIRTUAL EMC TEST
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EMI/EMC

radiation

conduction

Cable radiation

radiation

conduction

Electric static discharge

Radiated Electric field interference

Radiated Magnetic field interference

Power line conduction noise

Signal line conduction noise

Power line harmonic wave

Voltage fluctuation flicker

Radiated Electric field immunity

Radiated Magnetic field immunity

EFT/burst measurement

Surge measurement

RF conduction immunity

Voltage dip/fluctuation measurement

Power disturbanceEMC

EMI

EMS

Electromagnetic compatibility(EMC) is the branch of electrical engineering concerned with the unintentional 
generation, propagation and reception of electromagnetic energy which may cause unwanted effects such 
aselectromagnetic interference(EMI) or even physical damage in operational equipment. 



INDUSTRY STANDARDS

ïConducted and Radiated Emissions:
Å CISPR 11 ςIndustrial Scientific and Medical
Å CISPR 14 ςAppliances
Å CISPR 15 ςIllumination
Å CISPR 22 ςInformation Technology
Å CISPR 25 ςEmbedded (Automotive)

ïConducted and Radiated Immunity:
Å IEC 61000-4-2 ςElectrostatic Discharge (ESD)
Å IEC 61000-4-3 ςRF Electromagnetic Fields
Å IEC 61000-4-4 ςElectrical Fast Transient (EFT)
Å IEC 61000-4-5 ςVoltage Transients (transientes)
Å IEC 61000-4-6 ςConducted (induced by RF)
Å IEC 61000-4-8 ςMagnetic Field
Å Automotive:

ï CISPR 25
ï ISO 11451
ï ISO 11452
ï ISO 7637 



TRADITIONAL WORKFLOW

Do design following 

some EMC rules

PRAY

Build prototypes 

and do bench tests

Design 

Review

PCB Integration

Perform EMC 

Tests



EMC Simulation Effort

Easy simulations with good benefits

ÅEMI Scanner

ÅGeometry Based EMI Rule Check

ÅBoard level, passive behavior:

ÅTrace impedances

ÅPlane impedances

ÅResonances

ÅLoop inductances

ÅFilter Design

ÅSYZ parameters

ÅRF Cosite

A great deal of effort

ÅPCB + Cable + Housing

ÅFull EMC Environment

ÅAnechoic Chamber

ÅAbsorber Elements

ÅAntennas

ÅToo many variables

Simulation Effort

Benefits

Considerable effort

ÅTransient signals that depend on driver 
models 

ÅSwitching behavior

ÅReal Waveform 

ÅIBIS, SPICE Models

ÅNear and Far fields from PCBs



EMI Scanner
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ÅANSYS EMI Scanner

ҍGeometry based EMI, SI, and PI rule checker for Printed Circuit Boards (PCBs)

ҍProvides insight into common board-level EMI violations and best-practices

ÅWhat does it do?

ҍChecks design for violations of important EMI rules

ÅContains rules for the following elements:

Signal nets (including differential pairs)

Power/Ground planes

Vias

Decoupling Capacitors

ҍDecreases time spent manually reviewing PCBs for EMI compliance and ensures 
basic EMC design consistency across products



Electromagnetic Interference Rules

10

ÅSignal Reference
πNet Crossing Split

πNet Changing Reference

πNet Near Edge of Reference

ÅWiring/ Crosstalk
πCritical Net Near I/O Net

πExposed Critical Trace Length

πCritical Net Isolation

πCritical Differential Net Matching

ÅPlacement
πI/O Filter Distance

πDistance from Oscillator to Clock Driver

Net Near Edge of Reference
Net Changing Reference

Plane
Edge



SIwaveZ0 Scan
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Layer 6 Signal Routing Shown
Reference Layers = Layer 4 (Vdd) and Layer 7 (GND)

Layer 6 Signal Routing Shown
Reference Layers = Layer 4 (Vdd) and Layer 7 (GND)

100.3 Ҡ

50 Ҡ



SIwaveςXTALK Frequency Domain

Far-End Crosstalk @ 40GHz
Green = Pass

Orange = Warning
Red = Failure

Full PCB Scan
Peak RAM = 5.5GB

12 Core Time = 13 minutes



SIwaveXTALK Time Domain

Time Domain Cross-talk 
Waveform Viewer

1. Zo Characteristic Impedances

2. Time Domain Cross-talk
- Coupling Plots
- 3D Interactive Bar Graphs
- Time Domain Near- and Far-end Voltages

3. Frequency Domain Cross-talk
- Coupling Plots
- Frequency Domain Near- and Far-end Coupling Coefficients

Interactive WebGL
Report Displays



FILTER DESIGN
A filter is usually designed at the entrance of the system to supressnoise. ANSYS helps design Filtersincludingthe real 
componentbehavior.
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FILTER DESIGN

Parasitic Effects reduce the performance of a filter
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15

Board



EMC Simulation Effort

Easy

ÅEMI Scanner

ÅGeometry Based EMI Rule Check

ÅBoard level, passive behavior:

ÅTrace impedances

ÅPlane impedances

ÅResonances

ÅLoop inductances

ÅFilter Design

ÅS-parameters

More Effort

ÅTransient signals that depend on 

driver models 

ÅSwitching behavior

ÅReal Waveform 

ÅIBIS, SPICE Models

ÅBoard + cable + housing

ÅEMI

ÅFull EMC Environment

ÅAnechoic Chamber

ÅAbsorber Elements

ÅAntennas

Simulation Effort

Benefit



1. Conducted Emissions

2. Radiated Emissions

3. Radiated Immunity

4. Crosstalk and General EMI

5. Lightning and ESD

6. RF Immunity

7. Summary

EMI/EMC Applications



Conducted Emissions



CONDUCTED EMISSIONS

CISPR25 Standard

ANSYS Test Bench Model



Workflow POC ςCISPR25 CE



CONDUCTED EMISSIONS
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SIMULATION

MEASUREMENTS

Courtesy CADFEM Germany 
and Continental



CONDUCTED EMISSIONS

PROBE

J. F. Mologni, G. Eguni, C. L. R. Siqueira, M. Kopp and M. A. R. Alves, "A hybrid method combining static and full wave techniques to solve conducted emissions problems,"2013 IEEE International Symposium on 
Electromagnetic Compatibility, Denver, CO, 2013, pp. 277-281. doi: 10.1109/ISEMC.2013.6670423

Presented at:

Courtesy 
Whirlpool



CONDUCTED EMISSIONS

Conductedemissionsof a SMPS.
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Simulated

Measured

Courtesy 
Rockwell Automation
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Nominal EMI

Filtered EMI

Filtered/Shielded EMI

CISPR
A

CISPR
B



Drivetrain Simulation



Radiated Emissions
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RADIATED EMISSIONS

CISPR25 Standard ANSYS Test Bench Model



RADIATED EMISSIONS
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RADIATED EMISSIONS
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RADIATED EMISSIONS



RADIATED EMISSIONS
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RADIATED EMISSIONS Courtesy 
Inovax

Courtesy Inovax



RADIATED EMISSIONS

RADIATED EMISSIONS
Courtesy 
GEMCO/UFSC

Radiatedemissionsat a 3 meter distance. Comparisonbetween
measurementsand simulationsshowsa very good agreement
both in magnitudeandfrequency. Onlythe antennaandthe DUT
wasconsidered.

SIMULATION

MEASUREMENTS

FEBI



Radiated Immunity



ANSYS HFSS

https://www.linkedin.com/feed/update/urn:li:activity:6551487402756587520 https://www.daimler.com/innovation/case/connectivity/opening-testing-facility-for-emc.html

CABLES and ELECTRIFICATION

DESENSE AND ANTENNA PLACEMENT

RF CO-SITE


