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Abstract

This thesis presents the design and implementation of a four-wire electrochemical
impedance analyzer for electrochemical sensors. The measurement principle is based
on Electrochemical Impedance Spectroscopy . The system is built upon the
ADuCM355 platform, where a high-speed DAC generates a frequency-adjustable sine
wave that passes through a filter, a unity-gain amplifier, and an excitation amplifier
before being applied to the target. The response signal is processed by a
transimpedance amplifier and filters, then digitized by an ADC. A Discrete Fourier
Transform block is employed to convert the sampled time-domain signals into
frequency-domain data. To minimize the effects of lead resistance and parasitic
capacitance, the system adopts a four-wire measurement configuration, where voltage
and current are measured separately. The results are visualized in LabVIEW to
facilitate the extraction and analysis of equivalent circuit parameters.

This study verified the accuracy of the proposed system using a Randles
equivalent circuit model, and further evaluated its performance through
electrochemical impedance measurements with three concentrations of ferricyanide
and a bipolar screen-printed electrode. The results show that the system can reliably
measure impedance characteristics while providing advantages such as low cost, the
capability of measuring very small resistances, non-destructive testing, and
portability.

Future improvements will focus on making the TIA feedback resistor
externally adjustable with automatic switching, expanding the available EIS
measurement modes, and integrating wireless communication, an LCD display, and

memory card support to enable fully independent system operation.
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