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Mechano-chromic devices have captured profound interest for their applications in mechanical sensing, anti-counterfeiting, color-filtering, packaging, and textiles. Elastic photonic devices allow color tunability across the visible-NIR spectrum and integrated devices with BRG stacks and Fano metasurfaces have been found to generate strong specular response in reflection mode. However, previous elastic photonic devices suffer from low reflected intensity at higher strains or else require many layers or periodicities, increasing the thickness of the devices and limiting their application. In addition, the necessary feature dimensions and small inter-particle gaps pose fabrication challenges and limit scalability.
Here, we demonstrate a unique approach to fabricate a mechano-chromic consisting of an elastomer-based Bragg (BRG) mirror and a plasmonic metasurface embedded into flexible PDMS. The Bragg stack is composed of a slide ring elastomer (polyrotaxane) which exhibits high elongation and reversibility with low hysteresis. ZrO2 nanoparticles are incorporated into alternating polyrotaxane layers, enhancing the refractive index contrast between layers. The resulting increased optical performance per unit thickness allows for a thinner device. 
To create metal metasurfaces on PDMS, we adapt roll-to-roll (R2R) compatible Nanoimprinting Lithography (NIL) techniques--a promising method for fabricating photonic devices at scale compared to other nano-fabrication methods. Water soluble sacrificial layers allow for the facile integration with the BRG mirror.
The final device utilizes the co-existence of Fano and TP resonance at the interface of the BRG stack and metal meta-atoms to create reflectance spectra with sharp linewidths (~25nm), enhanced intensity, and remarkable tunability in the visible-NIR spectrum with uniaxial and biaxial stretching (up to 40% strain). FDTD simulations offer insights into the electric-field enhancement effects of the various resonance modes. 
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Figure 1: Reflected spectra on: (a) Uniaxial (Horizontal) stretching of Integrated device with Au “flag-shaped” array and 715 nm BRG stack from 0% to 37%, (b) biaxial stretching of Integrated device with Au “flag-shaped” array and 715 nm BRG stack from 0% to 25%. (c) Schematic representation of uniaxial (horizontal) stretching and biaxial stretching. (d) Comparison of shift in main peak for Uniaxial (both Horizontal and vertical) and Biaxial stretching (e) 3D CIE L*a*b space color from integrated device on biaxial stretching for the results shown in (b). (f) Creep Measurement on biaxially stretched system (at 25% in X- and Y- direction) for 100 days.
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