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We investigate the prospects for optical bistability in a periodic array of nonlinear plasmonic 

nanopatch antennas. Plasmonic nanostructures have the capability to strongly localize and enhance 

incident optical fields, thereby greatly enhancing the properties of nonlinear materials introduced 

into the high-field regions. A wide range of nonlinear processes can be dramatically modified and 

improved if the field enhancement effect can be reproducibly controlled. The nanopatch geometry 

is particularly compelling because it is easy to fabricate by a combination of deposition and 

lithographic technologies, and has the advantage that the gap region tolerances—where the crucial 

optical field enhancements occur—can be held to sub-nanometer 

scales.  

The optical nanopatch supports a set of cavity modes that exist 

between the patch and the film. The electric (red) and magnetic 

(blue) fields (see figure) corresponding to the lowest order 

resonance are shown in the illustration. The magnetic field of an 

incident wave acts as a surface current source at the gap boundary, 

coupling to one or more of the transmission line resonances. As a 

result, the effective polarizability of the nanopatch can be 

determined entirely analytically, making the nanopatch system 

amenable to closed-form expressions for a variety of linear and 

nonlinear properties [1, 2]. 

If the spacer layer of the patch possesses a refractive nonlinearity, 

such as a Kerr nonlinearity, bistable behavior is possible. Prior 

semi-analytical approaches for scattering from plasmonic nanoantennas have revealed a bistable 

relationship between the incident and scattered wave intensities [3]. Here, we investigate the 

nonlinear nanopatch array using both full-wave numerical solvers as well as entirely analytical 

approaches, finding excellent agreement between the two. In particular, the very large field 

enhancements available in the nanopatch system suggest that the energy required to switch the 

reflectance between two distinct values can be quite low, in the attojoule range [4]. 
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