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Bio ïJosefine Lametschwandtner

o BS in Science with an emphasis on Electronics and Technology from FH Joanneum

o Lead EMC Engineer for RECOM Power

o Joined in 2014

o Previous experience with GE Medical Systems

o EMC filter development and testing

o Customer consulting around all EMC issues

o Organizes the RECOM EMC Seminar

o Tri-lingual (German, English, Spanish)
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MODULES FOR DISTRIBUTED POWER ARCHITECTURE



ƴ ĂTroublemakerñ SMPS

ƴ Remedial Actions in the Design
ƴ PFC

ƴ Snubber

ƴ Spread-Spectrum

ƴ Slew Rate Control

ƴ Layout

ƴ External filtering
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Topics
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General Principle



State-of-the-art SMPS vs. old school PSU

ÁSMPS Advantages

ÁRegulated voltage

ÁLower weight

ÁHigher efficiency

ÁWider input range 

ÁLower production costs

ÁSMPS Disadvantages

ÁWide spectrum EMI 
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Fig.: Old-school

Fig.: State-of-the-art



Example: 150 kHz, 400V/50ns

Switching frequencyå 150kHz

Emissions in the MHz range

7

Fig.: Rising edge of an SMPS switch
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Frequency Response

Fig.: Switching signal of a SMPS[1] Fig.: Frequency response of trapezoidal waveforms [1]
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Ringing

Fig.: Ringing across the diode of a buck-converter [2]



Proximity Effect

Return current takes the path with the lowest 

impedance, which need not be the path of the lowest 

DC resistance.
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Fig.: Current density related to frequency [3]
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Equivalent Circuit for PCB Tracks

Fig.: Impedance per unit length [4]
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ƴ PFC (AC/DC)

ƴ Snubber

ƴ Spread-Spectrum

ƴ Slew Rate Control

ƴ Layout
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Remedial Actions in the Design



ƴ EN 61000-3-2 standard for grid quality
ƴ Reduction of phase shift & distortion

ƴ Energy Star compliance

ƴ Efficiency
ƴ Reduction of impulse loading on components (lifetime, rating)
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The Need for Power Factor Correction



ƴ Ratio of active power (W) to apparent power (VA)
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= cos (ű)

ƴ Valid for:
ƴ Sinusoidal sources

ƴ Linear loads
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PFC
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PFC ïVoltage & Current Waveforms

Fig.: Voltage and current waveform without PFC [5] Fig.: Voltage and current waveform with PFC [5]
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PFC ïComparison with a 230V, 1A rated System.

ƴ With PFC ÁWithout PFC

P=200W

PF=0,95

P=200W

PF=0,8
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PFC ïE-Cap

Bridge-

Rectifier
Buffer-

E-Cap

Converter

Fig.: Circuit without PFC [5] Fig.: Voltage and current waveform without PFC [5]
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Active PFC

Fig.: Principle circuit of a PFC stage

Fig.: Voltage and current waveform with PFC [5]



ƴ Input peak current is limited

ƴ E-Cap di/dt current is lower ïcapacity can be reduced

ƴ More efficiency in distributed systems ïlower conduction losses due to lower 

RMS current

ƴ Reduced VA Rating

ƴ Lower stress for both L-N and Y-caps

19

Advantages of Active PFC



Losses are dependent on the ratio of output voltage to input voltage (Boost Factor)
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Influence of an active PFC on efficiency

Fig.: Power at different BF [6] Fig.: Average Power vs BF [6]
Fig.: Efficiency vs BF [6]
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PFC ïModes of Operation

Fig.: Critical Conduction Mode CRM [5] Fig.: Discontinuous Conduction Mode DCM [5] Fig.: Continuous Conduction Mode CCM [5]
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