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MANIFOLD OF CAPACITOR TECHNOLOGIES
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SPECTRA OF CAPACITORS
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MANIFOLD OF EQUIVALENT CIRCUITS / MODELS
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Any many more...

Fletcher, S., Black, V.J. & Kirkpatrick, I. A universal equivalent circuit for carbon-based supercapacitors. J Solid State Electrochem 18, 1377-1387 (2014). https://doi.org/10.1007/s10008-013-2328-4

Modeling of metallized polymer films capacitor's impedance, Maawad Makdessi et al., IECON 2012 - 38th Annual Conference on IEEE Industrial Electronics Society (2012)
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ONE EQUIVALENT CIRCUIT FOR ALL CAPACITORS

Luckily...

we only need one.

Cs REgsp

RLeak
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Introduction of model

Interpretation of impedance and capacitance spectra
calculated and measured

* High capacitive

= | ow capacitive

Accuracy and ESR




EQUIVALENT CIRCUIT OF CAPACITORS

Capacitor sign used in your layout:

A capacitor consists of:

= 3 pure capacitor
= resistors

Capacitor as it actually is:
P y = and inductor
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|| e
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RLeak
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EQUIVALENT CIRCUIT 1.x10"
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Cs REgsr Lggy

EQUIVALENT CIRCUIT 1

Characteristic Frequencies \_ | J A capacitor acts as a
= acapacitor

Rieak = Ooraresistor
» orainductor
fRC
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IMPEDANCE AND CAPACITANCE SPECTRA

Film Capacitors
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IMPEDANCE AND CAPACITANCE SPECTRA
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CAPACITANCE SPECTRA

Film Capacitors & Supercapacitors
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EQUIVALENT CIRCUIT OF CAPACITORS
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Multilayer Ceramic

Film Capacitors, E-Caps, Hybrids Supercapacitors

Capacitors
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EQUIVALENT CIRCUIT OF CAPACITORS
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IMPEDANCE AND CAPACITANCE SPECTRA
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Film Capacitors

IMPEDANCE AND CAPACITANCE SPECTRA
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MEASUREMENT ACCURACY

Film Capacitors
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IMPEDANCE AND CAPACITANCE SPECTRA ;&
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IMPEDANCE AND CAPACITANCE SPECTRA 1.x10]

0.5x10"
0.25x10"

1.x10°
0.5x10°
0.25x10°

1.x107"
0.5x10""
0.25x10""

Re(Z) [Q]

fRL 'FILC fBC

If [Im(Z)| increases, so does Rggg, it seams!

Does this mean the Rggp is actually increasing?

Hard to say, since...
tan é cannot be measured accurately.

REgp is probably largely overestimated!
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CONCLUSION

| | |:|—-— = Only one model sufficient: describes all important features

of impedance spectra

= Loss angle resolution limits ESR measurements

= Steep increase of ESR indicates resolution limit

‘fRL\ﬁC/ﬁﬁc
/' = Resr = Only trust ESR values at the minimum

Capacitance is extracted at low frequencies.
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Questions

& Answers

We are here for you now!
Ask us directly via our chat or via E-Mail.
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REPOSITORY
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IMPEDANCE AND CAPACITANCE SPECTRA

Re(Z) = Rggg = tan § x [Im(Z)|
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EQUIVALENT CIRCUIT OF CAPACITORS

Characteristic Frequencies:
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below frc: Reactance X, dominates

— C can be extracted

at fc: Reactance X, X, cancel out

— Rggg Ccan be extracted

below fieak: RiLeak dOMinates

— Ry .akCan be extracted

above fp;: Reactance X; dominates

— Lggi.can be extracted
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IMPEDANCE AND CAPACITANCE SPECTRA
Cs = 4.7 nF

Parameter
450 10 1

£, in kHz

ARLEY 0.75 33.86 338563
Re(Z)in Q 0.039 0.31 2.23
0.30 0.30 0.30

tan & 0.052 0.009 0.007
2.967 0.525 0.377

Ain % 10.1 57.2 79.5

Re(Z) = Rggg = tan § X |Im(Z)|
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