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Effect of folded contact between electrode and dielectric layer on the

performance of piezoelectric flexible electronic skin

ZHANG Jintong , ZHOU Gang , CHEN Guiting , XU Congkang , WANG Jiangyong’
(Department of Physics, Shantou University, Shantou 515063, China)

Abstract: A simple method for fabricating flexible electronic skin based on piezoelectric effect was presented. In
order to study the effect of nano modification on the performance of flexible electronic skin, SiO,/
polydimethylsiloxane (PDMS) composite flexible substrate was prepared by using nano-SiO, particles as modifiers
and PDMS as matrix. The flexible and stable electrodes were prepared and the crack problem of electrode material
on flexible PDMS substrate by magnetron sputtering was successfully solved. The functional layer of barium titani-
um trioxide/carbon nanotubes/PDMS (BaTiO3;/CNTs/PDMS) was implanted in the five-layer structure of the flex-
ible electronic skin that was designed based on the piezoelectric effect. A simple method by varying the substrate
roughness was proposed to make a folded contact between the electrode and the dielectric layer. This method im-
proves the conductivity and piezoelectric response of the prepared flexible electronic skin.
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Fig.1 Layered structure of high sensitivity flexible electronic skin
((a) Foldable electrode images of the thin film per unit area (1 148 umx
856 um) under light microscope; (b) Rough polydimethylsiloxane
(PDMS) images of the thin film per unit area (1 148 pm x856 pm) under
light microscope; (c) Distribution diagram of BaTiO; and carbon
nanotubes (CNTs) in dielectric layer; (d) Surface morphology of dielectric
layer under scanning electron microscope; (e)Three-dimensional image

of rough surface of dielectric layer under laser microscope)
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Table 1 Dielectric layer experimental
material and proportion

Material Quality/g Source of materials
PDMS 10.0 Dow corning
BaTiO; 6.0 Aladdin
CNTs/C,HgO 0.5 Aladdin
CNTs C,HO PDMS BaTiO,

Ultrasonic dispersion Magnetic stirring

CNTs/C,H,O
turbid liquid

PDMS/BaTiO,
mixture

Ultrasonic dispersion/magnetic stirring

CNTs/PDMS/BaTiO, mixture
Volatile ethanol | Add curing agent

CNTs/PDMS/BaTiO, mixture

Pour into the mold | Oven heating

CNTs/PDMS/BaTiO, mixture

B2 Az il

Fig.2 Preparation process of dielectric layer
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Fig.3 Schematic diagram of electrical signal testing system
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Fig.4 Crackimages of the copper thin film on PDMS per unit area
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(1 148 pm x 856 um) under light microscope, respectively, for the
magnetron sputtering power of 120 W, 100 W, 80 W and 60 W (At the top
right of the picture is the mass fraction of nano SiO, in PDMS substrate,

(a), (b), (c) silicon platform, and (d) Cu platform)
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Fig.5 Schematic diagram of a flexible substrate prepared from frosted

glass (a), test circuit diagram (b), bend stability test of flexible

electrode (c) and tension test of flexible electrode (d)
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Fig. 6 Surface topography of the dielectric layeron with different

roughness values under profilometer
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Fig. 7 Time-piezoelectric signal curves of different roughness between

flexible electronic skin electrode and dielectric layer
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Fig. 8 Effect of roughness between dielectric layer of flexible electronic

skin and electrode on resistivity and maximum piezoelectric response
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