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Stretchable Sensor Array Based on Lead-Free Piezoelectric Composites
Made of BaTiO; Nanoparticles and Polymeric Matrix

Jun Ho Bae', Seong Su Ham', Sung Cheol Park', and Kwi-Il Park""

Abstract

Piezoelectric energy harvesting has attracted increasing attention over the last decade as a means for generating sustainable and long-
lasting energy from wasted mechanical energy. To develop self-powered wearable devices, piezoelectric materials should be flexible,
stretchable, and bio-eco-friendly. This study proposed the fabrication of stretchable piezoelectric composites via dispersing perovskite-
structured BaTiO; nanoparticles inside an Ecoflex polymeric matrix. In particular, the stretchable piezoelectric sensor array was fab-
ricated via a simple and cost-effective spin-coating process by exploiting the piezoelectric composite comprising of BaTiO; nanopar-
ticles, Ecoflex matrix, and stretchable Ag coated textile electrodes. The fabricated sensor generated an output voltage of ~4.3 V under
repeated compressing deformations. Moreover, the piezoelectric sensor array exhibited robust mechanical stability during mechanical
pushing of ~5,000 cycles. Finite element method with multiphysics COMSOL simulation program was employed to support the exper-
imental output performance of the fabricated device. Finally, the stretchable piezoelectric sensor array can be used as a self-powered
touch sensor that can effectively detect and distinguish mechanical stimuli, such as pressing by a human finger. The fabricated sensor
demonstrated potential to be used in a stretchable, lead-free, and scalable piezoelectric sensor array.
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Stretchable Sensor Array Based on Lead-Free Piezoelectric Composites Made of BaTiO; Nanoparticles and Polymeric Matrix
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Fig. 1. (a) Schematic illustration of the fabrication procedure of the
stretchable 3 x 3 piezoelectric sensor array consist of the
BaTiO; nanoparticles and Ecoflex matrix. (b) Cross-sectional
SEM image of the piezoelectric composite layer with 20 wt%
BaTiO; nanoparticles. (c) XRD pattern of the piezoelectric
BaTiO; nanoparticles. The inset shows the SEM image of
synthesized BaTiO; nanoparticles. (d) Photograph of the
stretchable piezoelectric sensor array with a size of 5 cm x 5 cm
stretched by human finger.
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Fig. 2. (a) Schematic illustration of measurement process of the
piezoelectric sensor array. (b) The measured output voltage
and current signals from piezoelectric sensor device under the
repeated pushing and releasing motions. (c) Output voltage
variation according to the various load conditions. (d) Dura-
bility test result showing the stable output performance of the
piezoelectric sensor array during 5,000 cycles.
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Fig. 3. (a) Schematic illustration showing the simulation model of
the piezoelectric sensor stressed with compressing defor-
mation. (b) The calculated COMSOL simulation result (right)
of geometry (left) with BaTiO; particles dispersed in Ecoflex
matrix. The produced piezoelectric potential difference is
indicated by color-codes.
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Fig. 4. (a) Photographs showing the piezoelectric sensor array under
the pushing machine and (b) the measurement system for
characterizing the output performance. (c) Color-code mapped
image visualized by the imaging program from the detected
voltage signals via pushing multiple channels. (d) Generated
output voltage signals from the selected channels the piezo-
electric sensor array by repeated pushing/releasing stimuli.
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Fig. 5. (a) Schematic illustration of application test with the 3 x 3
piezoelectric sensor array attached on keypad. (b) Photo-
graphs showing the measurement system and 3 x 3 piezo-
electric sensor array attached on keypad. (c) Color-code
mapped image visualized by the imaging program from the
detected voltage signals via pushing channel. (d) Generated
output voltage signals from the selected channel the piezo-
electric sensor array by repeated pushing/releasing stimuli.
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