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Conventional amperometric and voltammetric sensors are
based on steady-state measurement techniques where a con-
stant potential is applied to the sensing electrode and the cur-
rent response is measured. Steady-state techniques may suf-
fer from interference such as capacitive charging current and
Faradaic background currents resulting in decreased sig-
nal/noise ratio. These limitations may be overcome by the use
of transient techniques.

Electrochemical impedance spectroscopy is a transient tech-
nique that implies the application of a small amplitude potential
signal of the electrochemical system. Examination of the cur-
rent response in the frequency domain provides a means of
improving sensitivity and selectivity that would not be possible
in the conventional time domain ™.

A schematic of an electrochemical impedance system is
shown in Figure 1. The potentiostat controls the voltage across
the working (W) — counter electrode (C) pair in order to main-
tain the potential difference between the W and the reference
(R) electrodes of the electrochemical cell. The frequency re-
sponse analyzer (FRA) generates sinusoidal perturbations,
acquires the response signal and performs signal processing.
Current instrumentation for performing electrochemical imped-
ance spectroscopy is essentially analog-based. Its cost is typi-
cally comprised in the range of a few 10 k$ @ and therefore
not appropriate for large volume markets and portable applica-
tions. This drawback can be overcome by digitizing the signal
and analyzing it by digital signal processing (DSP) methods.
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Figure 1

Schematic of the electrochemical impedance platform. The electro-
chemical cell possesses three electrodes: working (WE), reference
(RE), counter (CE).

The goal of this collaborative project between CSEM and IMT
is to develop a portable DSP-based electrochemical platform
for performing electrochemical impedance.

During the first year of the project, the 10-kHz bandwidth of the
existing CSEM's analog minipotentiostat ¥ was modified to
extend the bandwidth up to 100 kHz. A PC based digital FRA
system was developed using the Labview™ software. This part
includes the generation of a sinusoidal potential signal in the
10 mHz to 100 kHz frequency range having an amplitude that

can be varied from 10 to 100 mV. The digital FRA system also
performs current response acquisition and calculates the real
(ZRe) and the imaginary (ZIm) parts of the electrochemical cell
impedance for every frequency used.

In the second year, the system, that is the modified potentio-
stat in combination with the digital FRA, was tested. A meas-
ured impedance spectrum is shown in Figure 2a, for the model
electrical circuit of Figure 2b. The values of resistors and ca-
pacitors were determined by regression of the measured im-
pedance spectra. A good agreement between the determined
values and the real values of the electrical circuit were ob-
tained validating the system concept and functionality.
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Figure 2

Measurements analysis, (a) typical impedance frequency response of
an electrochemical cell. (b) Example of an equivalent electrical circuit
that should fit the frequency response after the regression.

The novelty of the present work lies in the conception of the
digital FRA allowing for portability and cost reduction. Future
work will concentrate on the optimization and the reduction of
the size of the complete system.
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