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Resistive random access memories (ReRAMs) belong to a class of non-volatile 

memory which is regarded as a promising candidate for next-generation storage 

devices [1]. The structure of a typical ReRAM cell is that an insulator layer is 

sandwiched by electrodes (metal/insulator/metal structure). Metal oxides are often 

used for the insulator. A basic operation of a ReRAM cell is composed of resistive 

switching, where low and high resistance states of the cell correspond to the ON and 

OFF states, respectively.  

A fundamental question with ReRAM operation is whether the resistive switching is 

a matter of intrinsic property of the insulator only or the electrodes may take any part 

in the resistive switching. 

To answer the above question we investigate the effect of electrodes on the 

current-voltage characteristics in metal/insulator/metal structures from first-principles 

non-equilibrium Green’s function (NEGF) calculations. We choose HfO2 for the 

insulator layer. Following the broadly accepted picture[2], the ON and OFF states are 

defined as presence and absence of the oxygen vacancies in HfO2, respectively. For 

electrodes, elemental metals (Ta and W) and compound metal (TiN) are investigated. 

We find for bias voltage within ±0.5 V that the ON current value varies sensitive to  

the electrode suggesting that the ON state is a joint property of electrode and HfO2. 

On the other hand, the OFF state is established independent of metals and thus comes 

from the insulating property of HfO2. From the analysis of the effective molecular 

projected state Hamiltonian [3], the electronic coupling between the interfacial region 

and the deep bulk electrode governs the ON state current. As for the TiN electrode, 

this ON-state electronic coupling is greatly enhanced if the Ta buffer layer is inserted 

between TiN and HfO2. We will further report the effect of the buffer layer on the 

transport by using various metals such as Ti, Al and Hf. 
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