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EMC simulation
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Targets of EMC simulation

Virtual prototyping

Verification of functional behavior before building a prototype

Potential to save hardware iteration

Easy comparison of different implementation options, answer to "what if" questions

Do the cheapest components fulfill the requirements?

What layerstack do we need?

Do we need shieldings? How to arrange them?

May shields be avoided by clever component placement / routing / layer stack?

How many slots are allowed in the housing?

Reduce risk of introducing new technologies

EMC/EMI confidence

Control over EMC/EMI behavior of a system/product during the design phase

Presentation of intermediate results creates confidence at the customer

reduce cost

reduce risk

create confidence
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EMC/EMI simulation concurrent approach

Board level simulation (2.5D PCB simulation)

Goals:

Ensure signal integrity, coupling, and low electromagnetical emmissions of the circuit

Verify the impedance controlled character of the PCB layout

Simulation considers signal routing and properties (drivers, frequency, …) on the PCB

Results show s-parameters, voltages, currents, fields, coupling, radiation, …

System level simulation (3D shielding simulation)

Goals:

Understand and optimize overall EMC behaviour

Comparison of different design alternatives, design optimization vs. cost/weight/performance

Ensure specified performance in the availability of electromagnetic interference

Simulation considers mechanical assembly and relevant signals

Results show electrical resonances of the housing, EM fields, radiation, surface currents, …
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Why do we need housing simulations?

housing + PCB (green)

PCB only (red)

E-farfield, 3m

radiation source on PCB
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Housing performs
shielding

Housing introduces
radiation

Shielding Effectiveness of the housing

2.04 GHz
1.65 GHz987 MHz 2.74 GHz

SE [dB] = 20*log(A/B),

A = E-farfield, no Housing

B = E-farfield, with Housing
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Fields at 1.65 GHz resonance with and without housing

E-field E-field on PCB

Surface current on PCB

with housing

Surface current on PCB

without housing
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EMC verification flow

Load PCB into 
simulation tool

Create board level 
model

Perform integrity / 
EM simulation

Obtain information 
about coupling and 
radiation

Understand 
impedance and 
resonance behavior

Identify relevant 
structures and signals

Create mechanical 
3D model

Reduce the model
for simulation

Introduce relevant 
signals to system 
model

Perform 3D EM simulation

Obtain s-parameters, EM 
fields, surface currents

Understand impedance 
and resonance behaviour
(system level)

Investigate farfield /  
EMC behavior

Check compliance
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Research aspects

Model import

Definition and verification of EMC testbenches

Adaption of GROUND to the model / to the simulation

Detail level of model

Which components/traces are relevant? How much abstraction is allowed?

Modeling of electrical contacts (e.g. conductivity of aluminium/aluminium oxide)

Parameter studies

Dependence of results on the excitation source (position, number, spectrum)

Impact of meshing (accuracy vs. simulation runtime)

Simulation duration (remaining energy vs. simulation runtime)

Simulation accuracy

Multi-level / mixed simulations

Use PCB simulation results as signal source for shielding simulations

Interpretation of results

Model calibration by measurements
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Examples
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Car radio housing simulation

Model setup

Import of mechanical design data to CST MWS

Simplify the model (and „convert“ it from mechanical to electrical world)

Set materials of mechanical parts; electrical contacts need to be modeled properly (oxide layers, etc.)

Simplify PCB to reduce meshing complexity (just an FR4 brick with one GND layer)

Electronics on PCB is modeled by equivalent radiation source

Discrete port at a trace and unmatched termination

Current through connectors to investigate return currents
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Car radio - comparison with measurement results
E
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Housing simulation compared to device
measurement

Good correspondence for dominant 
resonances

Resonance frequency error below 15% 
between simulation and measurement

Amplitude is not modeled correctly (due to 
the abstract radiation source)

Reasons for deviation

Abstraction of electronic part

Component abstraction (e.g. CD drive)

Signal details are not considered

Contacts resistances (metal oxidation)

Measurement setup

…
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Investigate design variants

Slot
• 0.0 mm 
• 0.2 mm 
• 1.0 mm
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1.489

1.350

Shielding effectiveness:

20* log(r)/log(10)

with r = ratio of radiation
with and without front

Improvement of
radiation behavior

Introduction of resonances
caused by front

Shielding effectiveness of front bracket
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Conclusion

EMC and EMI simulation with accurate 3D EM housing mode ling

reduces development time and overall cost

makes the project more controllable

creates confidence at the customer

is an essential part of multimedia product development

Ralf Kakerow

Hardware Architecture

ralf.kakerow@continental-corporation.com

Contact information

Continental Automotive GmbH
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Infotainment and Connectivity

Wetzlar, Germany
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Thank you
for your attention
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Very close cooperation with Wetzlar EMC lab

Two EMC chambers with RF absorbers

TEM cell

Test equipment for coupled onboard power supply transients 
and capacitive coupled transients

Various shielded enclosures

Radiated emissions
Stripline up to 1 GHz
Antenna 30 MHz … 7 GHz

Immunity
Stripline 10 kHz … 1 GHz (300 V/m)
Antenna 205 MHz … 2 GHz (100 / 200 V/m)

Conducted emission
RF current probe 9 kHz … 4 GHz
LISN 30 kHz … 200 MHz

Conducted immunity
BCI 100 kHz up to 400 MHz (1 GHz) (1A, with 100 W RF amp)
ESD 8 kV contact, 16 kV air


