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Speakers

• Axel Schmidt,

• Senior Technical Marketing Manager

• with KEMET since 2003 
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• Günther Klenner

• Engineering Manager

• Fonder KK-Prime 2009
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Modern SMPS
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SMPS Questions

• SMPS output impedance depends on the effective capacitance.

• This capacitance depends on several application parameters.

• Do these parameters have an impact against each other?

• How do I process this data to get the “NET CAPACITANCE”?
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DC_Bias

AC_ripple
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Net Capacitance 
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Property Typical values Comments
Manufacturing tolerance 5%, 10% and 20%
Temperature (X7R) 15% 
DC-Bias 20% - 90% nominal Depend on the relation Vapp/Vrated
AC-Ripple 6% .. 12% at 10mV Smaller Ripple higher caploss
Frequency 6% .. 10% Smaller case loose more cap
Aging (Time) 2% to 5% per decade Case size independent

DC_Bias

AC_ripple
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How capacitance defined
based on EIA 198
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and NO DC-BIAS
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Capacitance loss on DC-Bias
measured at 1kHz
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DC-Stress in the component

• Force on charged particle

• Depend on the E-Field in the dielectric

• Thinner dielectric leads to higher capacitance loss
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Some hints @ 1kHz–
but what about other frequency 
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Voltage range of the Bode100

• The Bode100 has 50Ω Impedance
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Using Bode 100 to measure:
Basic ideas
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CBase

100µF

CUT

1µF

AC ripple plus DC-Bias  - Test setup 
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Test setup: How we started!

CBASE1210/100uF/6.3V

10kΩ

CUT 0402/1µF/6.3V
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Schematic & PCB of the Testboard
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Impedanz: Z = f(UDC, freq)
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UDC ↑  C ↓  XC ↑

UDC ↑  C ↓  SRF ↑
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Capacity over Frequency and DCbias✓

Capacity over DCbias and ACripple ?
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Voltage across Capacitor

• Using 50Ω source: Bode 100

• Using our Test setup

• Frequency sweep

⏤ 100 Hz … 50MHz

• Shown voltage across CUT
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Not constant at all!
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Voltage divider between Source 
impedance and CUT
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Level adjust over frequency
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AC - Voltage across the capacitor
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AC_ripple, 1210 vs 0402

• Bode 100 has not enough output power to 
test a 100µF on AC_ripple.

• Even with B-AMP 12 support:

▪ Output power too low!

• Substitude MLCC 1210 by 0402:

▪ C1210: 3.2 x 2.5 x 2.5 = 20mm³

▪ C0402: 1.0 x 0.5 x 0.5 = 0.25mm³

• Volume ratio 80 : 1

• Let’s reduce Volume and Capacity similar:

▪ C1210  C0402

▪ 100µF  2.2µF
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Power budget
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How much power (dBm) do I need to keep 1Vrms across CUT?
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CBase

100µF

CUT

1µF

Apply 25dBm AC and DCBias
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C = f(U_AC, freq) @ 5VDC
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+12dB
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C = f(UAC) with various DCBias

Net capacitance
• Varies over UAC

• Change is not steady
• On higher DCBias net 

capacitance may increase 
with increased UAC

• A turn point may appear 
depending on DCBias, UAC
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1.0VAC0.1VAC30mVAC 0.3VAC
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Wrap up 

• Simple superimpose the effects does not reflect the real behavior

• Measure according to standards does not reflect SMPS requirements

• Capacitor behave different in SMPS applications

• Consider the voltage conditions across the capacitor under test
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One last thing 

• We have 10 PCB left over 

• If you are interested to do your own investigation send an email to

axelschmidt@kemet.com

• We sell at cost the PCB plus the BNC connector
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