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Motivation:   the Moore’s Law 

• An observation named after Gordon E. Moore, co-founder of Intel, who 
described the trend in his 1965 paper. 

•      Over the history of computing hardware, the number of transistors in a  
 dense integrated circuit doubles approximately every two years. 



Motivation:   the Moore’s Law 

The most promising candidates for the nearest 20-30 years 
1. Graphene 
2. Carbon nanotubes  
3. Memristor 

 

Chua L.O. Memristor – the missing circuit element. 
IEEE Trans. Circuit Theory 18, 507-519 (1971). 
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Memristor is the device with a hysteretic current-voltage characteristic 

a voltage-controlled  
memristive system  



Memristor, the missing  circuit element 

The memristor is not an invention. Rather it is a description of a basic 
phenomenon of nature that manifests itself in various dissipative devices, 
made from different materials, internal structures and architectures.  

 
 T. Prodromakis, C.Toumazou, L. Chua.  

Nature Materials, vol. 11, p. 478-481 (2012)  

1. Resistive random-access memory 2. Digital logic 3. Neuromorphic circuits 

.Possible   applications: 



Memristor, the ReRAM element 

from A. Sawa, Materials Today, vol. 11, No. 6, p. 28 (2008)  

Understanding the resistive switching phenomena is crucial towards 
reducing device variance, which is considered as a key challenge to 
bring memristive switching devices from lab to market. 
 

X. Zhong et al., arXiv:1607.07752 (2016) 
 
 



Memristor based on a complex transition-metal oxide 

oxide 

Ag or Au counter-electrode 

Electrically conducting manganites,  
bismutates, and cuprates 



Memristor based on a complex transition-metal oxide 

c = 0.24 

YBaCuO-based contacts 



Memristor based on a complex transition-metal oxide 

4.2 K 

YBaCuO-based contacts 



Memristor based on a complex transition-metal oxide 

SSRM is an atomic force  

microscope-based technique. 

YBaCuO-based contacts 



Memristor based on a complex transition-metal oxide 

YBaCuO-based contacts 

for c-axis 

  c(r,t) is the concentration of mobile oxygen vacancies 



Memristor based on a complex transition-metal oxide 

YBaCuO-based contacts 

  c(r,t) is the concentration of mobile oxygen vacancies 

a voltage-controlled memristive system  



Memristor based on a complex transition-metal oxide 

YBaCuO-based contacts 
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Conclusions 

1. We have interpreted the observed hysteresis in I-V curves of contacts 

formed by a metallic counter-electrode and a YBCO film assuming  that 

this effect is caused by migration of oxygen-vacancy defects and, as the 

result, by formation or dissolution of more or less conductive regions 

near the tip-YBCO interface. 

2. We have shown that the reversal (to the previously observed) bias 

polarities of LR-to-HR and HR-to-LR switchings can be explained in 

terms of the charge-wind effect, oxygen-vacancy momentum exchange 

with current carriers (holes in the optimized YBCO compound) colliding 

with activated oxygen ions. 

3. The larger is the local hole concentration, the smaller is the effective 

valence of the oxygen vacancy which can even change its sign 

dependently on the balance between the direct electron-field effect and 

that of the hole wind.  
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