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In Nature commonly appear periodic micro- and nano-structures exhibiting macroscopic properties 

different from the ones of the single constitutive elements. Typical examples which gave birth to bio-

inspired metamaterials are butterfly wings in optics and lotus leaves in fluidics. Within this context 

we will briefly introduce results and perspectives of super-hydrophobic meta-surfaces which are 

currently being exploited for many practical applications such as anti-icing, low friction surface, 

water filtering and biosensing. Then, we will try to extend the concept of bio-inspired metamaterials 

to bio-logical networks composed of primary neurons. In the past neuronal networks gave inspiration 

to the field of electronics for the development of the so called neuromorphic architectures which are 

still promising approaches for future computing. We wonder if similar concepts can inspire a new 

generation of optical metamaterials based on neuro-morphic architectures too or new bio-logic 

architectures capable of radically new method for optical computing. Such a cross disciplinary 

approach could be of great benefit also for Neuroscience. In fact, unravelling the neuronal code, 

namely the way neuronal networks process, store and exchange information, is a major scientific 

challenge whose progress remains slow because of its extreme complexity. To this aim, recently we 

developed an optical method for interfacing neuronal networks with opto-electronic devices. As 

briefly described in figure (left and central panels) we refined commercial CMOS arrays with 3D 

plasmonic nanoantennas protruding from CMOS plane and we cultured neuronal cells on them. 

Under proper conditions plasmonic opto-poration is able to open nanopores into the cell membrane 

thus allowing stable intracellular measurements of action potentials (electrical activity associated to 

the neuronal code). We are currently investigating the electrical activity of these biological networks.  

 
 

As future perspective, we also suggest the concept of meta-morphic neuronal networks (figure, right 

panel), i.e. neurons arranged according to pre-defined patterns. We wonder about the electrical 

(logic) behavior of such a meta-morphic neuronal network with the respect of the natural one.  
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