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Applications in power inverter

1. Applications in power inverter
1. Snubber, clamp, resonant, DC-link

2. Capacitor technologies
1. Electrochemical, electrolytic, film foil, metalized film

3. Equivalent model

4. Properties and specifications

5. Ageing
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Applications of capacitors in Inverter

1. DC filter
1 nF …. 220 µF

2. DC link
1 nF …. 3800 µF

3. Snubber
1nF ….. 8 µF, Low inductance

4. Output filter

1 nF …. 600 µF

5. Resonant
1 nF …. 600 µF, +/-2%

Epcos MKP FC Solar Inverters

ABB traction Inverters

TGV input filter

1800VDC

8 mF
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DC-link

Resonant capacitor (Saugkreiskondensator)

DC-link (Zwischenkreiskondensator)

ABB Lok2000 electrical design
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Resonant capacitors

Used to tune series or parallel resonant circuits used in 

industrial medium-frequency systems (resonant 

converters)

• Frequencies between several hundred Hz and several 

hundred kHz

• Relatively tight tolerances: often ΔC/C ≤2 %

=> exclusion of certain dielectrics

• Only constraints to take into account:

–voltage peak value (must remain smaller than Un)

–current rms-value (dielectric losses, ohmic losses)
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Commutation capacitors (snubber)

Deliver current pulses necessary to block thyristors

• Severe constraints, complex applied waveforms

• Classical thyristors disappear gradually replaced by GTO/IGCT 

and IGBT.  These active components do not need turn-off 

commutation capacitors.

• Voltage continuous, rms and peak value (must remain smaller 

than Un)

• Voltage variation rate (dielectric losses increase with high 

dv/dt)

– constraints due to ohmic losses and frequency

• Current rms and peak value

• Reactive power (estimation of loss power using tanδ)
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Capacitor technologies

1. Applications in power inverter
1. Filter, DC-link, Snubber, clamp, resonant

2. Capacitor technologies
1. Electrochemical, ceramic, electrolytic, film foil (MKV;), metalized film (MKP, MKT)

3. Equivalent model

4. Properties and specifications

5. Aging
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Electrochemical Double Layers Capacitors
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Electrolytic capacitors

1. Operating temperature: -55°C to 125°C
2. Polarized

3. Large tolerance +/- 20%

4. Presence of electrolyte

5. Ionic low conductivity

6. At 100 Hz and 20°C 
Tg δ = ω rs C =  660 10-4      for C = 8100 µF

7. High losses

Lifetime: Un, In, 85°C, 100’000 hours

Data from Epcos Large size EC
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Electrolytic capacitors

1. Operating temperature: -55°C to 125°C
2. Cmax: 27 mF, 25 VDC

3. Umax: 8.1 mF, 63 Vdc

4. At 100 Hz and 20°C 
Tg δ = ω rs C =  660 10-4      for C = 8100 µF

Data from Epcos Large size EC
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Electrolytic capacitors

Data from Illinois LBA 47 to 47’000 µF
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Ceramic capacitor

Data from AVX

Data from Epcos CeraLink (Antiferroelectric)



A

T

M

S

L

http://www.garmanage.com 08.05.201413

Ceramic capacitor

Data from Epcos
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Film foil capacitors

Metal

Metal

Dielectric

• Typical 5 µm Aluminum foil + multi-layer 

of PP and/or PA and/or PET films

• Oil impregnation

• Very low losses

• In DC must be protected with fuses 
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Metalized film capacitors

Metallized film

Metallized film

Metallized film

Metallized film

Selfhealing: capability of disconnecting  

area around a breakdown. The metalization 

is evaporated by the shortening current 

until the available energy is big enough.

• Dielectric film with a 100 nm 

layer of metalization deposited 

on the surface

• Metalization of Zn, Al or Zn-Al

• Heavy edge to increase the 

contacting

• Segmentation or profile of the 

metalization to improve the 

safety

• Oil, gas or dried execution
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Metalized film capacitors

• TGV input filter 1800 V, 8 mF

• Capacitance loss

• Metalized film
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Comparison

Energy 

density 

[J/cm3]

Current 

density 

[A/cm3]

Loss 

density 

[mJ/cm3]

Voltage 

[Vdc]

Current 

[A] C [mF]

Rs 

[mOhm] Tg [1]

Tmax [°C] /L 

[H]

Volume 

[cm3] Réf

MKK-oil 0.32 0.009 1.8 2700 320 3 0.6 0.0002 75 / 150'000 33941 B25750H1698K004

MKK-gas 0.25 0.006 1.3 4000 290 1.4 0.7 0.0001 75 / 150'000 45161 B25650H4148K004

MKK-resine 0.16 0.014 2.4 800 350 12.5 0.5 0.0001 70 / 100000 25500 B25640D8129K000

MKV 0.02 0.052 6.2 4000 80 0.004 1.5 0.0002 1539 B25856K2405K003

Electrolytic 0.33 0.303 57.6 63 14.6 8.1 13 0.6 125 / 2000 48 B41605B8818M00

Ceramic 0.48 0.119 23.8 400 2 0.1 100 0.1 85 17

CeraLink PFBB

Hyp: 2 A
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Domain

Technique de l’ingénieur, D3280, Gérard Mouriès

http://upload.wikimedia.org/wikipedi

a/commons/9/93/Kondensatoren-

Kap-Versus-Spg-English.svg
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Capacitor construction
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Series connection

• High voltage

Parallel connection

• High power

....21 ++= CCC
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Equivalent model

1. Applications in power inverter
1. Snubber, clamp, resonant, DC-link

2. Capacitor technologies
1. Electrochemical, electrolytic, film foil, metalized film

3. Equivalent model

4. Properties and specifications

5. Ageing
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Equivalent model
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Power losses: Tangent delta

i

R

Z

Z
=δtan
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Simplified models

Series model Parallel model Rp includes 

- dielectric losses

- leakage current
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Properties and specifications

1. Applications in power inverter
1. Snubber, clamp, resonant, DC-link

2. Capacitor technologies
1. Electrochemical, electrolytic, film foil, metalized film

3. Equivalent model

4. Properties and specifications

5. Ageing
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Dielectric characteristics
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PP 2.2 5 640 10 1̂8 5 10 1̂3 105

PET 3.3 25 570 10 1̂7 10 1̂4 CTI225 VTM-2 125

PEN 2.9 20 600 10 1̂7 VTM-2 137

PPS 2.9 10 300 10 1̂6 10 1̂7 CTI100 VTM-0 200
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Polypropylene temperature characteristics

● Variation Epsi (T)

● Variation Tg (T)

● Insulation resistance
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PET dielectric strength

● Dielectric strength as a function of:

– the film thickness

– Temperature

– humidity
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Dielectric temperature dependence

● Variation C and tg (T) main 
dielectric used for capacitors
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Dielectric frequency dependence AC-DC
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● Variation C and tg (f)
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Electric field

Dry Impregnated

d d

h

E = U / d = 180 V/µm E = U / (d+h) = 180 V/µm

EC = U / d = 200 V/µm
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Polypropylene PP
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AC limitation as a function of the frequency
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Ageing

1. Applications in power inverter
1. Snubber, clamp, resonant, DC-link

2. Capacitor technologies
1. Electrochemical, electrolytic, film foil, metalized film

3. Equivalent model

4. Properties and specifications

5. Ageing
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Weibull distribution

Survivor function

The Survivor function F(t) is the number of elements 

of the statistical sample which have not failed or lost 

their function at time t and are still working. 

F ( t )=exp
�( λo t)

p

λ ( t )=λo p ( λo t )p�1

Failure rate

The failure rate is given in FIT (Failure In Time) which 

is the number of failures occurring during 109 hours 

of working of 1 object. λo is a constant 

(independent of time, but dependent on the 

temperature and voltage) which corresponds to the 

inverse of the time necessary for 63 % of the sample 

to fail. 
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Example

Initial batch of 50 capacitor samples

The Failure in % is represented in a Weibull graphic which is a Log(Log(1/F(t))) 

function as a function of Log(t).

t [s] N * F(t) Log(Log(1/F(t)))

1 50 -9.0037887

113 49 -2.0568061

149 48 -1.7513214

184 47 -1.5706976

187 46 -1.4411454

200 45 -1.3395378

209 44 -1.2555714

219 43 -1.1837484

242 42 -1.1207853

256 41 -1.0645625
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Acceleration factor: temperature
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Acceleration factors: temperature, humidity

Exponential law

(Arrhenius law)

• Temperature

• Humidity

Power law

(Hallberg-Peck law)

m

n
Hn

RH

RH
tRHt 








=)(






















−=

nB

a
Tn

TTk

E
tTt

11
exp)(

A

T

M

S

L

http://www.garmanage.com 08.05.201438

Acceleration factors: voltage

• Voltage inverse power law

• Voltage exponential law 
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Temperature and voltage derating

● Vishay MKP ● Epcos-TDK  MKP
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Acceleration factor: voltage

Cygan et al.:  Lifetime of Films under Combined 

Stresses , IEEE  Transactions on Electrical 

Insulation , vol. 24 No. 4, August 1989, p. 619 
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Failure modes

• Selfhealing Corrosion

• Corona 


