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Overview
Switch mode power supply simulation (SMPS)
Conducted emissions from a ‘bad’ SMPS based on a topology 
used in an automotive inverter were simulated, including 
parasitic effects of the PCB and components.

Comparison of original against measurement
A physical equivalent was built and tested. Simulation and 
experiment were compared.

Trial of improvements in simulation
The model was used to trial a PCB layout change.

Comparison of improved design against 
measurement
The improved design was built and tested. Simulation and 
experiment were compared.
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Circuit topology

Flyback converter
• Low voltage vehicle 

battery input
• One isolated, one non-

isolated output
• ~15W output total
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Complete model

Load wiring

PCB in enclosure

Artificial networks 
(ANs)

Load resistors on 
heat spreader plate

Supply wiring

Ground planeInsulating spacer

The complete model included a CISPR 25 conducted emissions set up.
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PCB model

Mechanical CAD of PCB exported from 
layout software, showing component 
positions. Through-hole FET

PCB exported from PCB layout software. 
Design was altered to use a through-hole FET to exacerbate emissions by capacitive coupling 
between FET tab and chassis via insulating spacer.
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PCB in enclosure

KL30 and KL31 
wiring (positive 
and negative 
supply)

Stand-offs 
(conducting)

Grounding strap

PCB in enclosure 
(grounding strap 
not visible, 
behind 
enclosure)

PCB

LV and HV load 
wiring

Copper tape piece connecting 
exposed copper on PCB and 
side wall of enclosureMOSFET mounted on heat-

sink via insulating spacer
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FET mounting on heat-sink

Enclosure 
floor

Heatsink 
(aluminium 
block)

Insulating 
spacer

Drain tab and 
leg

Source lead-
frame and 
leg

FRONT VIEW PCB SIDE VIEW

3D VIEW (enclosure not shown)

FET on 
heatsink

Region of heatsink in 
contact with 

enclosure floor

FET mounted on aluminium block via insulating spacer for heat-sinking - bad for EMC given 
capacitive coupling of switching node with enclosure!
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Circuit model

Filtering, input 
capacitance and 
design properties 
(reverse polarity 
protection diode 
and pre-charge 
MOSFET shorted 
out). TVS not 
modelled.

ANs

Other EMC 
components

Switching MOSET, 
transformer primary and 
primary snubber

N-port model block derived from Q3D simulation of 
physical hardware. Circuit fits a state-space model to the 
S-parameter file exported from Q3D.

Transformer LV secondary, rectifier, filter 
and output capacitance

Transformer HV secondary, 
rectifier and output capacitance.

All lumped component and finite element analysis derived models incorporated into a circuit 
simulator.
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Capacitor models

Component parasitic effects 
included
All capacitors were modelled using a series R-L-C 
model to include parasitic inductance and ESR.

Model fitting
The model parameters were adjusted to match 
manufacturer data.
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Inductor models

Component parasitic effects 
included
All filter inductors were modelled using a series R-
L parallel C model to include parasitic capacitance 
and series resistance.

Model fitting
The model parameters were adjusted to match 
manufacturer data on DC resistance and self 
resonant frequency (SRF). No attempt was made 
to model the increase in resistance with frequency 
resulting from skin effect.

L

C

R
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Common-mode choke models
Frequency dependent impedance
The frequency dependent common mode and differential 
mode impedance of the common mode chokes used in 
the design was modelled using simple equivalent circuits, 
based on the manufacturer model, fitted to manufacturer 
data and/or measured data.
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Transformer model

Magnetising and leakage inductance
Magnetising and leakage inductances were 
extracted using Ansys PEmag and Maxwell.

Parasitic capacitance
Inter-winding and winding to shield capacitance 
was extracted using Ansys PEMag and Maxwell.

Model complexity trade-off
A coupling factor of 1 was used between windings, 
with inductance and capacitance split to obtain a 
trade-off between lumping everything together 
and its real-life distributed nature.

Primary 
Lmag

Secondary 1 
Lmag

Secondary 2 
Lmag

Shield

Primary Llk

Secondary 1 
Llk

Secondary 2 
Llk

K=1

K=
1

K=1

Cpar

Cpar

Cpar Cpar
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Test set-up

Artificial networks 
(ANs)

Load resistors on 
heat spreader plate

Load wiring

PCB in enclosureSupply wiring

Ground plane

Insulating spacer

Grounding
strap

Grounding
strap

CISPR 25 conducted emissions set up.
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Test versus simulation - EMI
Peak and trough 
~5MHz lower

Peaks are spaced at the switching frequency, which was set in simulation to 
match test, given known potential for inaccuracy in control IC timing.

Much higher ‘noise floor’ 
resulting from post-
processing parameters.

POSITIVE LISN NEGATIVE LISN

Test / simulation comparison
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Test versus measurement – switch node voltage
Overshoot and ringing at the switch node captured - some mismatch but in the right
‘ball-park’

End of 
demagnetisation

Turn-on Start-of 
turn-off

Over-shoot 
followed by 
ringing, both 
caused by 
transformer 
leakage 
inductance
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Layout change

Before After

Top

Bottom

Layout changed to increase 0V reference coverage, stitch 0V plane to chassis via multiple 
capacitors and cut away planes around connectors to give clear boundary.

Layers 2-5 
not shown.
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Original versus re-layout - simulation
Simulated conducted emissions for original and improved layout.

POSITIVE LISN NEGATIVE LISN

~25dB
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Original versus re-layout - test
Tested conducted emissions for original and improved layout

~25dB

POSITIVE LISN NEGATIVE LISN
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Conclusions

Filter simulation and optimisation
An outline of a method used to simulate conducted emissions from a switch-mode power supply inside an enclosure given. 
The model gives a method of like-for-like comparison of designs through simulation, before going to prototype test.

Match between simulation and measurement
The match between simulation and measurement requires further investigation, however the presence of emissions is 
represented and the reduction in emissions offered by an alternative layout is indicated. 

Further work
Work in progress to better understand the discrepancies between experiment and test and to extend the methodology to 
other aspects of EMC such as conducted immunity.
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