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Classical computer architectures are optimized to process pre-formatted 

information in a deterministic way and therefore struggle to treat unorganized 

natural data (images, sounds, etc.). As these become more and more important, 

the brain inspires new, neuromorphic computer circuits such as neural networks. 

Their energy-efficient hardware implementations will greatly benefit from 

nanodevices, called memristors, whose small size could enable the high synaptic 

connectivity degree observed in the brain. 

In this work, I concentrate on memristors based on ferroelectric tunnel 

junctions that are composed of an ultrathin ferroelectric film between two 

metallic electrodes. I show that the polarization reversal in BiFeO3 films can 

induce resistance contrasts as high as 104 and how mixed domain states are 

connected to intermediate resistance levels. 

Changing the electrode materials provides insights into their influence on the 

electrostatic barrier and dynamic properties of these memristors. Single-shot 

switching experiments reveal very fast polarization switching which I further investigate in 

cumulative measurements. Their analysis in combination with piezoresponse force microscopy 

finally allows to establish a model describing the memristor dynamics under arbitrary voltage 

signals. After the demonstration of an important learning rule for neural networks, called spike-

timing-dependent plasticity, we successfully predict new, previously unexplored learning curves. 

This constitutes an important step towards the realization of unsupervised self-learning hardware 

neural networks. 
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