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Natural organic materials based memristors have demonstrated promising synaptic 

behavior, positioning them as strong candidates for synaptic devices in neuromorphic 

computing. Such natural organic memristor based neuromorphic systems also offer 

significant benefits - environmental sustainability, low production and disposal costs, non-

volatility, and compatibility with bio/CMOS-based systems. This paper systematically 

demonstrates and evaluates a neuromorphic system based on fructose-memristors. First, 

the manufacturing process of 16-level and 32-level fructose-memristors is described in 

detail. Second, the nonlinear property [1] associated with fructose-memristors is 

investigated, and a piecewise linear approximation (PLA) method [2, 3] is introduced and 

applied to mitigate the effects of nonlinearity. The effectiveness of the approximation 

method is evaluated using 2-segment, and 3-segment models. Simulation results 

demonstrate that fructose-memristors based neuromorphic systems achieve maximum 

training accuracies of 78% for 16-level devices and 82% for 32-level devices using 2-layer 

fully connected neural network and MNIST dataset. Using piecewise linear approximation 

method has further increased the inference accuracy by up to 4% in 16-level and 32-level 

devices. On CIFAR-10 dataset using VGG-8 network, the neuromorphic system achieves 

a peak training accuracy of 60% for 16-level and 71% for 32-level devices. These findings 

not only demonstrate the viability of fructose-memristors but also highlight their potential 

in sustainable neuromorphic systems. The fructose-memristor represents a promising 

addition to sustainable alternatives for neuromorphic systems, encouraging further 

exploration into natural organic materials. 
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Figure 1: Finished sample with circular Al/Fructose/ITO memristors 

 

 
Figure 2: Bipolar resistive switching behavior of an Al/Fructose/ITO memristors 
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