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HARNESSING MECHANICAL INSTABILITIES 
IN SOFT METAMATERIALS FOR RESPONSIVE, 
BENDABLE AND FOLDABLE DEVICES

ABSTRACT:  
Reconfigurable soft materials that can bend, fold, or transform the structural symmetry 
in response to external stimuli have attracted significant interests in design of flexible 
electronics, color displays, smart windows, actuators, sensors, and photonic/phononic 
devices. Here, we demonstrate the design of soft metamaterials from elastomers, 
pH and temperature sensitive hydrogels, and shape memory polymers. These 
metamaterials are membranes consisting of periodic void arrays with controlled size 
(from microns to millimeters), shape, orientation, and symmetry. When modest stresses 
are applied to the membranes, large changes in volume are observed, which expand 
or close void space entirely by rotating the hinges between unit cells, resulting in 
symmetry breaking and a negative Poisson’s ratio approaching to -1. 

We then exploit kirigami (cutting + folding) principles to design highly collapsible/ 
expandable and foldable devices. By introducing simple fractal cuts of various motifs, 
we show super-flexible and super-conformable sheets that can be integrated with 
conventional rigid devices (e.g., LEDs, circuits, and RF antenna) without sacrificing 
device performance during collapsing or stretching.
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