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It could be sometimes useful to substitute a
RQ circuit by a RC circuit (Fig. 1).

This calculation is only available for a circuit
(R/Q). It corresponds to the determination of a
capacitance value C at an angular frequency
o, =27f, corresponding to the maximum

imaginary part on the Nyquist circle obtained

by fitting with the circuit (R/Q). Then, this
value is the solution of the following equation
1 1

zn(RQ)l/“ ~ 27RC

with o and @ the CPE parameters [1,2].
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Fig. 1: Equivalent electrical circuit RQ and RC
with the corresponding impedance diagram.

ll-Experimental part

A lithium-ion battery, with LiFePO, as positive
electrode, was studied in this application note.
Impedance diagram was recorded considering
the setting described in the Fig. 2, i.e. in the
10 kHz-10 mHz range with V,,=20mV,
pw =1, No=1 and the drift correction button
ticked. The impedance diagram obtained is
given in Fig. 3.

ZFit tool was used to fit data with the
equivalent circuit L1+R1+Q2/R2+Q3 (Fig. 4).
This circuit is not present in the electrical
circuits list already in the ZFit tool and the
user has to add this circuit thank to the Edit
menu.
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Fig. 2: PEIS “Parameters Settings” window.
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Fig. 3: Nyquist impedance diagram (blue) and
ZFit analysis (red) of a Li-ion battery with a
L1+R1+Q2/R2+Q3 equivalent circuit.
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Fig. 4: L1+R1+Q2/R2+Q3 equivalent electrical
circuit.

In the Equivalent Circuit Edition, the
L1+R1+Q2/R2+Q3 circuit has to be defined
and added with the Add button, as described



in Fig. 5. The new circuit is then displayed in
blue.
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Fig. 5: How to add a new electrical equivalent
circuit in the ZFit analysis tool.

Result of the ZFit analysis is given in Fig. 6. A
good agreement is observed between
experimental diagram and ZFit diagram as
shown in Fig. 3.

Selection | Results

Equirvalznt circuit

L1+R1+02/R2+03 v |[Edi) (&)
param. sel.|sign|value |unit |dev. |A
L1 +/~ 74043 H 26976

R1 +~ 001278 Ohm 0264 8

o2 +/- 2059 F.s"(a-1] 4364

a2 + DE3I52 1

R2 +~ T2 Ohm 253

o3 +/- 4475 F.s"(a1) 16185

ad + DEDT9 1

. |a

. |d

. v
Fit

Select curment | cvole(z)

M ethod Randomize + Simplex hd
Randomize

Stop randomize on 10000 iterations

Stopfiton 10000 iterations L%
‘wheight 1w

g2

L 0,347 36

|terations 10000 [Simplex) Cycle wems

[ inimize ” FPszeudoC ][ Copy ][ Save ]

Fig. 6: ZFit analysis window obtained with the
L1+R1+Q2/R2+Q3 equivalent circuit.

The equivalent circuit used to do the fit on the
experimental data contains the pattern (R/Q),
it is then possible to calculate the pseudo-

capacitance. In the ZFit window, select the
PseudoC button and the window given in
Fig. 7 is displayed. This means that with the
ZFit analysis tool of EC-Lab® and EC-Lab®
Express, calculation of pseudo-capacitance
is done automatically.
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Fig. 7: Pseudocapacitance calculation in the
ZFit window obtained with the
L1+R1+Q2/R2+Q3 equivalent circuit.

However, the following equivalent circuit
L1+R1+Q2/(R2+Q3) (Fig. 8) can also be
considered to fit the diagram. As shown in
Fig. 9, the obtained fit (red) is in good
agreement with experimental data (blue).
The parameters are displayed in the ZFit
window given in Fig. 10. Nevertheless, even
clicking on the PseudoC button, it is not
possible to calculate a pseudo-capacitance
value as displayed in Fig. 11. Indeed, the
pattern in the equivalent circuit is Q/(R+Q)
and not the required one (R/Q).
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Fig. 8: L1+R1+Q2/(R2+Q3) equivalent

electrical circuit.
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Fig. 9: Nyquist impedance diagram (blue) and
ZFit analysis (red) of a Li-ion battery with a

L1+R1+Q2/(R2+Q3) equivalent circuit.
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Fig. 10: ZFit analysis window obtained with the

L1+R1+Q2/(R2+Q3) equivalent circuit.
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Fig. 11: Pseudocapacitance calculation in the
ZFit window obtained with the
L1+R1+Q2/(R2+Q3) equivalent circuit.

It is not possible to distinguish between the
two fits considering 2 value which are very
close. In the same way, values of fit
parameters obtained for the two circuits (Fig.
6 and Fig. 10) are very close.

Note that in some peculiar cases it is
possible to establish equivalence between
the two following electrical circuits
L1+R1+Q2/R2+Q3 and L1+R1+Q2/(R2+Q3).
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