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An Electrical Impedance Spectroscopy IC with
a Printable, Fractal Root Textile Sensor
for Perspiration Analysis
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Abstract

These days, as people become increasingly focused on health and
exercise, the market for wearable devices is expanding. These
devices can track the body's condition and health data in real time
during daily activities or exercise, helping users better understand
their physical state. However, they often neglect issues like
dehydration or hyponatremia that can occur during exercise or
daily life. To address this, our goal is to develop a wearable device
that can monitor electrolytes, such as sodium ions, in sweat.

Research has shown that the concentration of electrolytes in sweat
is highly correlated with the sweat rate. Therefore, it is crucial to be
able to obtain both pieces of information simultaneously to interpret
physiological conditions accurately.

Our design focuses on developing a device that uses Electrical
Impedance Spectroscopy (EIS) for non-invasive, real-time impedance
measurement. Through this technology, we can scan frequencies
to reveal different characteristics of electrolytes, including the
concentration of sodium ions in sweat and the flow rate of sweat.
The left side of Fig. 1 shows the capacitance of a 50mM NaCl agueous
solution at different volumes. The capacitance value increases
with the amount of perspiration, which can be used to measure
the perspiration rate. The right side of Fig. 1 shows the impedance
obtained by frequency sweeping of NaCl aqueous solutions at
different concentrations. At high frequencies, the impedance
differences between different concentrations are large and stable,
making it suitable for distinguishing concentrations. This approach
provides real-time data and is more convenient than traditional
sweat analysis methods such as laboratory chemical reactions.

To achieve our goal, we have developed and optimized a
low-distortion, high-output impedance current stimulation circuit,
as shown in Fig. 2. This circuit employs a current feedback structure
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circuit, we have adopted low-power and low-noise front-end
amplifiers and quadrature demodulation circuits. The chip, shown
in Fig. 3, was implemented using a 0.18um CMOS process, with a
power consumption of just 228uW at a supply voltage of 1.2V. Our
experimental results have confirmed that this system can achieve
the real-time monitoring of sodium ion concentrations in sweat
(6.25-100mM) and flow rate analysis through low-frequency
variations in capacitance.

In summary, our design has created a novel wearable device that
can monitor and analyze the concentration and flow rate of
electrolytes in sweat in real time. This device offers advantages
such as portability, real-time performance, and high accuracy,
bringing new possibilities and opportunities to the field of sports
health monitoring.
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