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Definition — EMC

What do parasitics do?
= Components
= Coupling Mechanism
Finding Coupling Mechanism in SMPS

Discussion



EMC — ElectroMagnetic Compatibility

EMI — ElectroMagnetic Interference

EMS — ElectroMagnetic Susceptibility



General Principle
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Fig. Principle of EMC



European Directive 2014/30/EU

Electromagnetic compatibility according to the Directive 2014/30/EU means:

the ability of equipment to function satisfactory in its electromagnetic
environment without introduction intolerable electromagnetic disturbances to

other equipment in that environment.



Reality meets Electronics = EMC - Resistor
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Fig. real resistor [01]




Reality meets Electronics = EMC - Capacitor
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Reality meets Electronics = EMC - Capacitor
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Reality meets Electronics = EMC - Inductance
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Types of Coupling

/Y ___Lpar

Resistor
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/Y __Lpar

Load

Fig. Overview of coupling mechanism including parasitics
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Types of Coupling - Galvanic
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Types of Coupling — Galvanic; Mechanism

?

. di(t)
U(t) = Ri(t) + LT

Circuit 1

Circuit 2

TN

Circuit 1

Circuit 2

Circuit 1

——— {1

Fig. Mechanism of galvanic coupling [02]

Circuit 2
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Types of Coupling — Galvanic; Mitigations
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YN
Resistor
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Traces with very low impedance
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Reduction of the frequency of the
disturbing signal
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Types of Coupling - Capacitive
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Fig. Coupling mechanism — outlining capacitive coupling
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Types of Coupling — Capacitive; Mechanism
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Fig. Mechanism of capacitive coupling [03]
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Types of Coupling — Capacitive; Mitigations

Short traces

Avoid parallel traces with different signals
Separation of traces with different signals
Symmetry

Shielding

Reduction of switching frequencies
Twisted cabling

Load noisy

Fig. Remedial actions against capacitive coupling (green)
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Types of Coupling - Inductive
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Fig. Coupling mechanism - outlining inductive coupling
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Types of Coupling — Inductive; Mechanism

Fig. Mechanism of inductive coupling [04]
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Types of Coupling — Inductive; Mitigations

Resistor
Very small loops (low impedance) I
Twisted cabling 1 -
Avoid parallel traces with different signals ° ' D '
Shorten parallel traces length
Reduction of switching frequencies g[)] -

Shielding (u-Metal or Permalloy)

R-wire

Fig. Remedial actions against inductive coupling (green)

rRecoMm  PSMA 22



Types of Coupling - Airbourne

Fig. Mechanism of airborne coupling

Galvanic
Capacitive
Inductive

Airborne
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Types of Coupling — Airborne; Mechanism
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Field model Net model

Fig. Mechanism of airborne coupling [02] Fig. Mechanism of airborne coupling [05]
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Equivalent Circuit for PCB Tracks
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Fig.: Impedance per unit length [04]
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DC-Converters Topologies

Galvanic non Galvanic
isolated isolated

=] Boost = Flyback
Forward
= Buck =
Converter
=1 Buck-Boost =1 Push-Pull
=1 SEPIC =l Bridges
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Boost-Converter: Analysis — Coupling mechanism
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Fig.: Schematic of Boost converter [01]
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Boost-Converter: Analysis — Coupling mechanism

! [|-;

Galvanic coupling

Fig.: Schematic of Boost converter [01]
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Boost-Converter: Analysis — Coupling mechanism

Capacitive coupling

! [|-;

Galvanic coupling

Fig.: Schematic of Boost converter [01]
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Boost-Converter: Analysis — Coupling mechanism

Capacitive coupling

w
e e e

1 Critical @==

Inductive coupling

! [|-;

Galvanic coupling

Fig.: Schematic of Boost converter [01]
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Boost-Converter: Analysis
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: Outer Loop
i Split output capacitors in functional- and HF-Cap
Fig.: Schematic of Boost converter [01] ) . )
Starpoint for GND to reduce galvanic coupling
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Fig.: Schematic of Boost converter [01]
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Flyback Converter
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Fig.: Typical schematic of Flyback [01]
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Flyback Converter
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Fig.: Typical schematic of Flyback [01]
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Flyback Converter

Capacitive coupling
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Flyback Converter

Capacitive coupling
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Flyback-Converter — EMC Analysis

Critical loops
Multiple output capacitors
Input side filtering

CM capacitor

Star grounding

Fig.: EMC-improved schematic [01]
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Buck Converter — Resonant circuit
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Fig.: Basic Buck-Converter-Schematic including resonant capacitor [06]
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Conclusion

EMC Tests simulate “real” EM-Phenomena and should lead to reproducible
results

High frequency “converts” passive elements

Coupling mechanism are everywhere
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Outlook — Part 2 (Emission)

Sources (Noise)
Mitigations in general

Influence of component placement (practical example)
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Sources

EMV — Storungssicherer Aufbau elektronischer Schaltungen
Franz, Joachim; Springer Vieweg, 5. Auflage, 2013

Elektromagnetische Vertraglichkeit;
Adolf J. Schwab ; Springer Verlag 2011; 6. Auflage

Schaltnetzteile und ihre Peripherie
Schlienz, Ulrich; Vieweg Praxiswissen, 3. Auflage, 2007

EMV fur Geréateentwickler und Systemintegratoren
Gonschorek, K. H.; Springer, 2005

Elektromagnetische Vertraglichkeit in der Praxis;
Dieter Stotz; Springer Verlag, 2013

Schaltnetzteile und ihre Peripherie
Schlienz, Ulrich; Vieweg Praxiswissen, 3. Auflage, 2007
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Thank You and hope you have enjoyed the webinar
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If not a member, membership is very low cost for the benefits to
you and your company as a whole.

As a member you become part of a team with over 100 companies
Be part of the industry voice.

Contact info: power@psma.com

"Individual commitment to a group effort--that is what makes
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