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Fig. 1. The flexible piezoelectric epidermal electronic device: (a) Explosive view of the structure of the device; (b) overall and de-

tailed photos of the serpentine structured interdigital electrodes and the design; (c¢) photograph showing the device attached to the

skin; (d) photographs showing the device under longitudinal and latitudinal stretching, twisting and bending, respectively; (e) the

SEM image of the surface morphology of the graphene/PZT/PDMS ternary piezoelectric rubber; (f) energy dispersive X-ray spec-
troscopy (EDX) images illustrating the distribution of C, Si, O, Pb, Zr and Ti.
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Fig. 2. Electrical performance of the piezoelectric device with varying applied pressure under a hitting frequency of 1 Hz: (a) Real-

time measured open-circuit voltage output under varying applied pressure; (b) average peak open-circuit voltage as a function of

pressure (inset: OC voltage output at about 1 kPa pressure and below); (¢) real-time measured short-circuit current output under

varying applied pressure; (d) average peak short-circuit current as a function of pressure (inset: SC current output at about 1 kPa

pressure and below).
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Fig. 3. Electrical performance of the piezoelectric device with identical applied pressure ((23.17 + 1.76) kPa) under varying longitu-

dinal and latitudinal stretching strain: (a) Real-time measured open-circuit voltage output under varying longitudinal stretching

strain; (b) average peak open-circuit voltage as a function of longitudinal strain; (c) real-time measured open-circuit voltage output

under varying latitudinal strain; (d) average peak open-circuit voltage as a function of latitudinal strain.
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Fig. 4. Electrical performance of the piezoelectric device when attached to human skin: (a) Photos of four different contact method:

touching, poking, tapping and hitting; (b) real-time measured open-circuit voltage outputs; (c) average peak open-circuit voltages;

(d) real-time measured short-circuit current outputs; (e) average peak short-circuit currents; (f) comparison between open-circuit

voltage outputs of devices in original state and after one-month use when used for tactile sensing; (g) comparison between short-cir-

cuit current outputs of devices in original state and after one-month use when used for tactile sensing.
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Fig. 5. Demonstration test of supplying energy for 15 LED bulbs only by the piezoelectric device: (a), (b) LEDs are blacked out
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SPECIAL TOPIC—Flexible electronics

Stretchable self-powered epidermal electronics from
piezoelectric rubber for tactile sensing”
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1) (Department of Biomedical Engineering, City University of Hong Kong, Hong Kong, China)
2) (State Key Laboratory of Structural Analysis for Industrial Equipment, Department of Engineering Mechanics,
Dalian University of Technology, Dalian 116023, China)
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Abstract

Soft, thin, skin-integrated electronics, i.e. epidermal electronics, has become a hotspot in biomedical
engineering and drawn great attention for their applications in health monitoring, disease diagnosis and
therapies. However, soft powering system is still a challenge for epidermal electronics, since the thickness and
weight of the existing flexible energy harvesting and storage devices are very hard to meet the requirements of
epidermal electronics. Here we present a stretchable and flexible self-powering epidermal electronic device based
on rubbery piezoelectric composites formed by a ternary blend of PDMS, lead zirconate titanate (PZT) and
graphene. The mixed PZT rubber is soft, ultra-thin and light weight and intrinsically stretchable. By combining
soft PDMS substrate and advanced mechanics designed interdigital electrodes/interconnects, a stretchable and
skin-integrated device for tactile sensing is realized. The soft device can not only accurately measure a board
range of force from 2.84 kPa to 11.72 kPa but also exhibit great flexibility that can maintain stable performance
under various mechanical deformations, such as bending, stretching and twisting. On-skin demonstration tests
reveal that this self-powering device can clearly distinguish the differences among mechanical stimulations such
as touching, poking, tapping and hitting. Furthermore, the self-powering nature of these devices allows energy
to be harvested from daily body actives, for instance, hard touching by hand can lighten up to 15 light-emitting
diodes.

Keywords: piezoelectric materials, graphene, flexible electronics, wearable devices
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