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Aroublemakeri S MP S

Remedial Actions in the Design
PFC
Snubber
Spread-Spectrum
Slew Rate Control
Layout
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External filtering
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General Principle

Interference
due to radiation
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Interference due
to conduction
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State-of-the-art SMPS vs. old school PSU

SMPS Advantages

A Regulated voltage e

A Lower weight {j} @ S

A Higher efficiency s -

AWider input range L

A Lower production costs Fig.: Old-school

SMPS Disadvantages | N

AWide spectrum EMI “{@mﬁ - .
o i

Fig.: State-of-the-art
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Example: 150 kHz, 400V/50ns

DS0-X 30244, MY53280158: Tue Jan 27 13.:48:48 2015

Switching frequencyd 150k H
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Emissions in the MHz range
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Fig.: Rising edge of an SMPS switch
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Frequency Response
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T = the period of the repetitive waveform
T = pulse width at the 50% points
A = pulse amplitude
t: = t; = pulse rise and fall times
Fig.: Switching signal of a SMPSJ[1] Fig.: Frequency response of trapezoidal waveforms [1]
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Fig.: Ringing across the diode of a buck-converter [2]
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Proximity Effect

Return current takes the path with the lowest RN AL ] ke
impedance, which need not be the path of the lowest (e
DC resistance.

Fig.: Current density related to frequency [3]
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Equivalent Circuit for PCB Tracks
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Fig.: Impedance per unit length [4]
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Remedial Actions in the Design

PFC (AC/DC)
Snubber
Spread-Spectrum
Slew Rate Control
Layout
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The Need for Power Factor Correction

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

Energy Star compliance

Efficiency
y Reduction of impulse loading on components (lifetime, rating)

recovm PSMA 13



Ratio of active power (W) to apparent power (VA)

0 O < = cos (0)

Valid for:
y"  Sinusoidal sources
y"  Linear loads
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PFC 1 Voltage & Current Waveforms

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

With PFC

P=200W
PF=0,95

Y o= Cp\A
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Without PFC

P=200W
PF=0,8
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PFC1T E-Cap
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ECS Converter RV

Bridge- Buffer-
Rectifier E-Cap

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

Dofoc

Fig.: Principle circuit of a PFC stage
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Fig.: Voltage and current waveform with PFC [5]
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Advantages of Active PFC

Input peak current is limited
E-Cap di/dt current is lower T capacity can be reduced

More efficiency in distributed systems i lower conduction losses due to lower
RMS current

Reduced VA Rating

Lower stress for both L-N and Y-caps
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Influence of an active PFC on efficiency

Losses are dependent on the ratio of output voltage to input voltage (Boost Factor)
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Fig.: Power at different BF [6]
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Fig.: Average Power vs BF [6]
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Efficiency, n (%)
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PFC 1 Modes of Operation
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Bridge Bridge Bridge
Fig.: Critical Conduction Mode CRM [5] Fig.: Discontinuous Conduction Mode DCM [5] Fig.: Continuous Conduction Mode CCM [5]
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