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Introduction

Modern neural implants and brain-computer interfaces rely on microelectrode arrays. Microelectrode
arrays are used to interface biological tissue and electrical circuits for stimulation and recording in the
research of neural devices. In these applications, the electrode performance and hence its impedance
may change during the runtime. Exact knowledge of the electrode performance is crucial for an
efficient stimulation and the evaluation of the neural interface. Therefore, we present a modelling
approach based on numerical simulations of in-vitro experiments using penetrating probes for retinal
experiments to predict the characteristic electrode impedance. Then, impedance spectroscopy (EIS) is
used to identify the bulk volume impedance and the electrode-tissue interface impedance.
Characteristic parameters of both impedance contributions are extracted by fitting equivalent electrical
circuit models to measurement data.

Methods

Penetrating probes with 12 iridium-oxid electrodes were considered*. A realistic 3D geometry of the
electrodes immersed in phosphate-buffered saline (PBS) according to the experiment was built. The
impedance was computed using the finite element method. Impedance data were retrieved by EIS and
Fourier analysis of transient current and voltages recordings. The Python package ImpedanceFitter
(Zenodo: 10.5281/zenodo.5116618) allows to extract the impedance for each run in order to identify
the aforementioned parameters.

Results

From simulation, a modelled tissue resistance in a range of 8.4 and 11.1 Kiloohm was predicted for a
conductivity of 1.5 to 2 S/m, matching the values in the temperature range of the experiment. A
Randles circuit was used for determining a PBS resistance of 10.1 Kiloohm, which is in very good
agreement with the numerical prediction.

Conclusion

Our approach is a step towards an adaptive implementation of more complex stimulation patterns for
selective stimulation. This enables a better control and selection of suitable electrodes during runtime.
Furthermore, a direct link to a biophysical model of the stimulation can be established.



