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Contour diagrams 
 

Contour diagrams can be used to estimate the accuracy of impedance measurements. 

This note explains how to apply these. The contour area is enclosed by segments, that 

have a relation to the specific properties of the instrumentation. 

 

A contour diagram defines within which boundaries of frequency and impedance, one can 

get an accurate measurement, for example an enclosed area of 1% error or better, see 

Figure 1. The position/accuracy is defined by the combination of Z and Frequency. 

 

 
Figure 1: Accuracy contour plot of sModule5A 

 

In a cascaded signal path, errors are dominated by the “worst performing part”. In 

combinations of a FRA with a potentiostat, generally the front-end properties are the 

bottleneck: the potentiostat is the main error source and determines the contour plot. A 

good FRA should not contribute to inaccuracy much, and its impact of FRA errors is 

usually not visible in the contour plot. We therefore should focus on the potentiostat. 

 

In the Contour plot, several segments can be distinguished: 

• Rp: parallel DC leakage resistance.  It is caused by leakage currents inside the 

instrument and cabling. Also, this can be affected by insufficient Signal/Noise 

ratio, or insufficient measurement resolution. Possible improvements: higher 

amplitude, shorter cabling, better shielding, and utilizing a dedicated high-

impedance end instrument. 

• Cp: parallel leakage capacitance, due to capacitive leakages in instrument and 

cable. It can be improved by better cabling and using dedicated hardware. 

• Ls: serial parasitic inductance. It is usually a combination of cable and instrument 

inductance, with the so-called “Mutual inductance”. The latter is caused by the 

magnetic field generated by the current carrying electrodes (WE/CE), coupling 
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into the potential measuring electrodes (RE/S). It can be lowered by optimal 

positioning of the cable lead positions. 

• Rs: serial DC resistance. There will be a residual ohmic resistance due to contact- 

and cable-resistance. For optimal result, you need a 4-electrode measurement. 

When you would use a 3-electrode config with a realistic length of cable of 

0.1ohm, it would shift the bottom of the 1% contour diagram to above 10 ohm. 

With a 4-electrode config, the contour plot bottom will be several magnitudes 

better/lower. 

The accuracy can be improved (the contour-area widened) when calibration is applied. 

However, in reality this only helps a little. Often the parasitic effects are not stable, as 

they vary with temperature, air humidity, and cable configuration. For example, the 

mutual inductance value will change if you move the cell cable to another position. 

 

The contour diagram is directly linked to the design of the electronic hardware: 

potentiostat and cabling. When these are made to perform in a wide range of 

frequencies and impedances, as for sModule5A, these are not always optimal for 

extreme cases. For instance, if the primary interest is for high impedances, better 

performance is achieved with a dedicated low current instrument, see below Figure 2 the 

pocketSTAT.LC contour plot. Here the Rp is much higher, and the Cp smaller, so it will 

be able to measure much higher impedances, and lower capacitor values. However, its 

3-electrode config will not be able to measure low impedances as well as an sModule5A. 

 
Figure 2: Accuracy Contour plot pocketSTAT.LC 
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