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In complex microelectronic circuits, memory circuits play significant role.  One of the most interesting contemporary types of memory is non-volatile Resistive Random-Access Memory (ReRAM). The basic ReRAM element is a memristor. A memristor is a nanoscale device, which is able to be in two or more stable states with different resistance (Ron/Roff). A memristor reveals time-dependent behavior. This element was called “memristor” as a combination of “memory” and “resistor” words, because the resistance of such an element depends on the history of current, flown through it. A reversible switching from one state to another occurs when the certain current flows in forward or backward direction. This property of a memristor allows us to use it as a memory-circuit element. Moreover, it is possible to build a complex artificial neural network using memristors, because such a switching effect is very similar to brain’s synapses performance. 
The very first experiments demonstrated resistive switchings in sandwich nanostructures Pt/TiO2-TiOx/Pt

[image: image2.png]1]



. This effect also was observed later with quite wide range of materials. For instance, some nanostructures of non-stoichiometric oxides with different pairs of electrodes showed memristive properties. The physical origins of this effect can be very different, depending on exact material and structure. It is considered, that for oxide-based memristors resistance switching mechanisms can be described by oxygen vacancies migration, or metal ions motion in oxide volume, which leads to building up and destroying of conductive channels – filaments. Also, resistance switchings may be related with phase transition in case of chalcogenides [2]. 

Within this study resistive switchings were obtained experimentally using Si-SiOx structures.  One of the most perspective materials for memristor devices is silicon and its oxide [3]. It is quite simple to embed such devices into a classic microelectronic circuit within existing and well known MOS technology processes. In our experiments, thin native oxide layers on a Si substrate were investigated (thickness ≤ 10Å [4]). Oxide layers, which were obtained by low-temperature oxidation (oxidation temperature ≤ 600 оC) of crystal p-Si (heavily p-doped by boron) substrate in the air atmosphere reveals the similar results as well. During the first experiment, the resistance switchings were observed in dynamic mode. Fig. 1(a) shows a response of a metal/SiOx/p-Si structure upon the applied continuous sinusoidal bias. IV-curve is a pinched self-crossing hysteresis loop, which is actually a memristor’s fingerprint. The second experiment (static mode) shows that the structure can be in a certain stable state with Roff or Ron and sustain it for more than 3 months. In this case the special signal was applied. This signal consists on “writing” and “reading” parts, distinguished in time. After high-magnitude pulses as writing parts there are reading parts of sinusoidal bias with low magnitude for measuring the resistance of the structure without disturbing the state. The second experiment allows to assure that the structure can store the state. Consequently, it can be used as a memory-circuit element. Fig. 1(b)) shows the structure’s resistance difference, in ON and OFF state. It’s useful for finding the most appropriate bias for reading the structure’s current state 
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Fig. 1. a) IV-curve of memristive structure In/SiOx/p-Si
b) The difference between Roff and Ron
The explanation of In/SiOx/p-Si structure’s behavior is complicated. From one hand, the similar effect was described by Vexler et al [5] with resonance tunneling and space charge region formation. From the other hand, the common explanation of memristive effect is related with processes in oxide layer’s volume. It may be filaments formation, conductivity quantization in 1D structure, ions motion or oxygen vacancies migration, Pool-Frenkel effect [3]. Supposable, in this situation resistive switchings in In/SiOx/p-Si structure are based on processes of ion/vacancies migration in the volume of non-stoichiometric SiOx layer. However, these processes can be activated by resonance tunneling [5]. In the certain bias levels the current through the structure can increase dramatically, which tends to filament formation or ionic migration within the oxide layer. Besides, the similar structure with n-doped silicon was investigated. In/SiOx/n-Si reveals very low ability of sustaining the state. Switching between Roff and Ron is quite difficult. It is rather spontaneous. Hence, this structure does not work as a memristor, and space charge region formation with resonance tunneling plays significant role in resistance switching mechanism in Si/Si oxide structures.  
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