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In recent years Neural Networks or Neuromorphic Computing has significantly shifted the limits of what is 

computationally possible [1], and by now Neural Networks offer a practical approach to solve problems not 

addressable with classical algorithmic programming. Inspired by the human brain, Neural Networks utilize a large 

number of nonlinear transformations carried out in parallel. In architectural terms, Neuromorphic processor therefore 

go conceptually far beyond the von Neumann computational principle. Current neuromorphic hardware is strongly 

limited by the number of connections implemented in parallel. In our experimental implementation, we use a single 

holographic element in order to connect ’optical neurons’ to 10s of neighbors [2]. We demonstrate the general purpose 

capability of our approach by using semiconductor lasers as well as pixels of a spatial light modulator (SLM) as 

’optical neurons’ [4]. Coupling up to 2500 element in parallel, our experiment demonstrates the feasibility of all-

optical neuromorphic computing. We therefore illustrate how semiconductor technology based photonics could 

facilitate future implementations of Neural Network outside of the von Neumann concept originally intended for all-

optical computing [5]. 
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Figure 1. (a) Schematic illustration of RC [3]. Information is injected into a complex network of nonlinear nodes, where it induces 
complex spatiotemporal dynamics. Using readout connections, the systems is capable solving complex computational problems. 
Input and networks connections are defined randomly, while the readout connections are obtained via training. (b) Schematic 
illustration of experimental setup. An array of ‘optical neurons’ is embedded in an external resonator. A holographic element 
implements a 5x5 coupling matrix between individual emitters. Information is optically injected, in principle via multiple channels 
in parallel. Using readout-optics, the mean-field of the network dynamics can be detected. As such, all sections for an all-optical 
RC are realized in hardware.  


