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Abstract Resistance switching memory cells were fabricated using atomically dispersed Pt-SiO, thin film prepared via RF
co-sputtering. The memory cell can switch between a low-resistance- state and a high-resistance-state reversibly and
reproducibly through applying alternate voltage polarities. Percolated conducting paths are the origin of the low-resistance-state,
while trapping electrons in the negative U-center in the Pt-SiO, interface cause the high-resistance-state. Intermediate resistance-
states are obtained through controlling the compliance current, which can be applied to multi-level operation for high memory
density. It is found that the resistance value is related to the capacitance of the memory cell: a 265-fold increase in resistance
induces a 2.68-fold increase in capacitance. The exponential growth model of the conducting paths can explain the quantitative
relationship of resistance-capacitance. The model states that the conducting path generated in the early stage requires a larger
area than that generated in the last stage, which results in a larger decrease in the capacitance.
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Fig. 1. (a) Schematics of the memory cell structure made of Pt (top
electrode) / SiO,:Pt (switching layer) / Mo (bottom electrode). (inset)
plan-view transmission electron microscope image of Si0,:20%Pt,
(b) Typical I-V curves showing set-reset switching for LRS and
HRS, and partial set-reset switching for I-LRS and I-HRS under
current compliance.
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Fig. 2. Cole-Cole plot representing imaginary part of impedance
(Im[z]) as a function of real part of impedance (Re[Z]) (a) HRS,
I-HRS (3 states), and I-LRS (2 states), (b) I-LRS and LRS. (¢)
Variation in the capacitance as a function of the resistance of the
memory cell. Fitted curves from the linear growth model (blue) and
exponential growth model (red) of conducting paths, respectively.
(inset) Simplified circuit model of the memory cell taken for
impedance analysis.
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Table 1. Parameters, Cy, ¢, R;/N in Eq. 4 acquired from the fitted
values in Eq. 5.
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Fig. 4. Schematic diagrams of (a) I-HRS under (+) voltage, (b) I-
LRS under (-) voltage representing exponential growth model.
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