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Flexible electronic skins with high tactile sensitivities have gained great attentions in the fields of wearable 

sensors, robotic skins, and biomedical diagnostics. Here, we introduce highly-sensitive, multifunctional, and 

stretchable electronic skins based on interlocked design of micro- and nanostructured hybrid materials. Inspired 

by the interlocked microstructures found in epidermal-dermal ridges in human skin, piezoresistive interlocked 

microdome arrays are employed for stress-direction-sensitive, stretchable electronic skins. The interlocked 

microdome arrays provide a giant tunneling piezoresistance due to the enhanced change in inter-microdome 

contact area in response to various mechanical stimuli, leading to high tactile-sensing capabilities. We show that 

the interlocked microdome arrays possess highly sensitive detection capability of various mechanical stimuli 

including normal, shear, stretching, bending, and twisting forces. In addition, the unique geometry of interlocked 

microdome arrays enables the differentiation of various mechanical stimuli because the arrays exhibit different 

levels of deformation depending on the direction of applied forces, thus providing different sensory output 

patterns. Bioinspired e-skin design of hierarchical micro- and nanostructured ZnO nanowire (NW) arrays in an 

interlocked geometry is suggested for the sensitive detection of both static and dynamic tactile stimuli through 

piezoresistive and piezoelectric transduction modes, respectively. Finally, we show that the stretchable electronic 

skins attached on the human skin can be used as wearable healthcare monitoring devices, which are able to 

distinguish various mechanical stimuli applied in different directions, selectively monitor different intensities and 

directions of air flows and vibrations, and sensitively monitor human breathing flows and voice vibrations. 

 

Pressure

Interlocked & hierarchical

Directional tactile sensing

Shear force

BendingLateral stretch

Normal force

(a)

(b)

(c)

 
Fig. 1. Flexible electronic skins based on interlocked microdome arrays and hierarchical structures for the 

detection and differentiation of various mechanical stimuli from different directions. 
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