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Abstract- Phase change metamaterial (PCM) is a potential candidate to be assimilated in planar structures to make a new generation of tunable optical devices. We developed a tunable perfect absorber based on PCM, which also works as a non-volatile optical memory. By exploiting the advantage of switching the PCM between amorphous and crystalline states, we designed and fabricated a flexible programmable perfect absorber. The suggested device reflects the basic requirements of a re-writable and non-volatile memory by absorbing the light into a thin film of a PCM.  
MMs as electromagnetic illustrative with artificial operations can get attained by configuring on the sub-wavelength scale.1 Because the resonant optical characteristics of plasmonic MMs depends on the near-field dielectric circumstances, they specify a vigorous and an adjustable substitute for metals. Although various MMs has been introduced with a representative reflection to induced stimuli such as light and electric field, but the majority of them showed volatile switching state.2,3 
To overcome this bottleneck, we integrated a phase change metamaterial (PCM) in the nanophotonic device structure. We take benefits from the loss elements of the optical constant (real components) to establish an elevated absorber. A near-zero reflectivity is achieved by controlling the µ and ɛ resonances and matching MM impedance to the free space.4,5
Metamaterial-based programmable perfect absorber (MPA) is a reconfigurable device with an absorbance near unity. It has been shown that optically- stimulated PCM specifies a non-volatile MM modulator of transmission and reflection for near- infrared (NIR) to mid-infrared (MIR) wavelengths with a subwavelength thickness.2 MPAs have been earned appeal owing to their polarization independency, widespread-angle occurrence, high amount of light absorbency, exotic properties, and  unity absorptivity of EM waves.6
 Our design consists of three main layers in a simple metal-insulator-metal (MIM) structure including a dielectric thin film (spacer) which is sandwiched between two metallic layers (Figure 1a-d). The structure is analogous with Fabry-Perot (FP) etalon with an ultrathin cavity according to the top electrode (TE) arrayed nanoparticles. TE is a patterned metallic layer which conveys an electric reply relevant to the grounded bottom electrode (BE) by intensely coupling to the electric field at a specific resonance frequency.1
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Figure1. (a) Schematic illustration of the dual functional device; the MPA and ReRAM. (b) The device consists of a 100 nm Pt as a BE, an ALD deposited PCM (25nm) and an array of Ag nanoparticles with a 100 nm thickness. The SEM images of the fabricated (c) device with MIM structure, (d) nanoparticles on the MPA.
We demonstrated a reconfigurable and rewritable MPA with two resistance states, which works as a memory device as well. The metal-insulator transition is done opto-electrically in both of the amorphous and insulator states. This programmable MPA device, potentially provides an enhancement in the future digital approaches of optical devices.
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