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The photonics toolkit includes waveguides, sources, detectors, modulators, etc., but lacks optical memory 

devices. Natural media with nonlinearities strong enough to show intrinsic bistability do not exist.  Here, for the 
first time we experimentally demonstrate nonlinear nano-opto-mechanical metamaterials exhibiting optical 
bistability, leading to optical memory operation at sub-milliwatt power levels in the telecoms wavebands.   

Optical memory elements are crucial building blocks for future nanophotonic optical computing 
architectures. Within this paradigm, optical bistability in the form of an element able to exist in two distinct 
optical states at the same optical read-out power level can enable this much needed memory functionality. To 
this end, nano-opto-mechanical metamaterials offer a unique platform in which the efficient transfer of energy 
from the optical field can drive mechanical resonators to a highly nonlinear regime of oscillation, resulting in a 
strongly nonlinear optical response.  This enables the realisation of bistability in plasmonic and all-dielectric 
nano-opto-mechanical metamaterials operating at telecoms wavelengths and low optical power levels.   

Optical bistability can be realised through the combination of an optical power-dependent refractive index 
change and positive feedback apparatus, and it has been shown computationally that nano-opto-mechanical 
metamaterials can provide both of these characteristics. In such systems, optical pumping excites near field 
optical forces that are comparable to or stronger than elastic restoring forces of the nanostructure, and above a 
certain intensity threshold the system may be driven into a highly nonlinear regime where two mechanically 
stable states exist, as illustrated in Fig. 1a for a metamaterial array of asymmetric silicon nanowire pairs. There 
are three points of intersection between the numerically simulated dependences, versus mutual displacement, of 
the in-plane optical force (at fixed intensity) and elastic restoring force on neighbouring nanowires. Points 1 and 
3 are mechanically stable states; while 2 is unstable (any perturbation will drive the system to 1 or 3). In 
consequence, nanowire displacement, and thereby the optical properties of the metamaterial, are hysteretic 
functions of incident light intensity. 

We experimentally demonstrate this concept using a NIR-resonant plasmonic nano-opto-mechanical 
metamaterial consisting of Π-shaped plasmonic resonators fabricated by focused ion beam milling in 50 nm 
thick gold on an array of free-standing 50 nm thick silicon nitride nanowires (see inset to Fig. 1b). We monitor 
the optical transmission of the structure at 1310 nm, while pumping with a modulated beam at 1550 nm – a 
wavelength at which strong differential optical forces between neighbouring nanowires are expected. The pump-
induced change in probe transmission presents a bistable, hysteretic dependence on pump power, as illustrated in 
Fig. 1b. 

 
Fig. 1 Bistable nano-opto-mechanical metamaterial (a) computationally simulated balance between optical and elastic 
forces acting on an all-dielectric (silicon) nanowire metamaterial, as a function of mutual (in-plane) displacement for fixed 
illumination intensity. The inset schematically illustrates the hysteretic functions of the output optical response as function 
of the incident optical power. (b) Relative change in probe (1310 nm) transmission for the plasmonic nano-opto-mechanical 
metamaterial shown in the inset scanning electron microscope image, as function of pump (1550 nm) power – black and 
pink traces denoting increasing and decreasing directions of change in pump power respectively. 
	  

 


