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Abstract:  We have developed a behavioral modeling for the I-V segments of a Pt/TiO2/Pt memristor that can relate the fitting equations with the physical processes in the device [1] for applied electric field.

Introduction: Memristors are two-terminal analog devices that demonstrates pinched hysteresis in its I-V characterization. A mathematical representation of the experimentally obtained I-V is necessary to develop and
test memristor based circuitry in electrical design simulators.
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Growing Ti2O3 filaments (conductive paths) by the redox

reaction in the TiO2 layer due to the application of voltage

initiates a tunneling current (Exponential behavior) while the

low conductive filaments formed during electroformation

continues conduction (Ohmic behavior).

𝑰𝒐𝒂 𝝁𝑨 = 𝑰𝒐𝒂,𝑭𝑨 + 𝑰𝒐𝒂,𝒐𝒉𝒎 = 𝑨𝟏 𝒆𝑩𝟏𝒗 − 𝟏 +
𝒗

𝑹𝑳𝑪
𝒙𝟏𝟎𝟔

𝑅𝐿𝐶 = 637𝐾Ω,𝐴1 = 1,𝐵1 = 2.4537

Tunneling current dominates due to gradually decreasing

tunneling distance. At voltage 𝑉𝑏 , the filament formation is

complete bridging the gap between electrodes.

𝑰𝒂𝒃 𝝁𝑨 = 𝑨𝟐
𝟏

𝒗
𝒆𝟏−𝑩𝟐𝒗 , 𝐴2 = 200.52, 𝐵2 = 2.6074

Pt-Ti2O3-Pt assembly forms a back-to-back Schottky junction

(Exponential I-V). Besides, Ti2O3 filament has a low resistance

suitable for ohmic conduction. Schottky modified ohmic

conduction: 𝑰𝒃𝒐 = 𝑰𝒃𝒐,𝑺𝒄𝒉𝒐𝒕𝒕𝒌𝒚 + 𝑰𝒃𝒐,𝒐𝒉𝒎

𝑰𝒃𝒐 𝝁𝑨 = 𝑨𝟑 𝒆𝑩𝟑𝒗 − 𝟏 +
𝒗

𝑹𝑯𝑪
𝒙𝟏𝟎𝟔

𝑅𝐻𝐶 = 63.7𝐾Ω,𝐴3 = 11.33, 𝐵3 = 3.78

Reversal of the polarity of applied voltage can initiate the rupture process of filaments.

However, the device can continue with the Schottky modified ohmic current until voltage

𝑉𝑐. 𝑰𝒐𝒄 = 𝑰𝒐𝒄,𝑺𝒄𝒉𝒐𝒕𝒕𝒌𝒚 + 𝑰𝒐𝒄,𝒐𝒉𝒎

𝑰𝒐𝒄 𝝁𝑨 = −𝑨𝟑 𝒆𝑩𝟑 𝒗 − 𝟏 +
𝒗

𝑹𝑯𝑪
𝒙𝟏𝟎𝟔

At least one filament is detached from the electrode at voltage

𝑉𝑐 . Along cd, the current is a combination of filament assisted

tunneling via the ruptured filament and ohmic via the complete

filaments.

𝑰𝒄𝒅 𝝁𝑨 = 𝑨𝟒 𝒆𝑩𝟒𝒗 − 𝟏 +
𝒗

𝑹𝑯𝑪
𝒙𝟏𝟎𝟔

𝐴4 = 110.4849, 𝐵4 = 5.4575

At the voltage 𝑉𝑑, all filaments are detached from one electrode

since no significant ohmic component is noticeable. Till 𝑑′, the

dominant conduction method is tunneling while the tunneling

distance is gradually increasing.

𝑰𝒅𝒅′ 𝝁𝑨 = −𝑨𝟓 𝒆𝑩𝟓 𝒗 − 𝟏

𝐴5 = 8.3296𝑥10−5, 𝐵5 = 9.5273

At V𝑑′, the tunneling current reduces to a significantly small

value for large tunneling distance. Hence, conduction is

dominated by the ohmic current through low conductive

filaments formed during electroformation.

𝑰𝒅′𝒐 𝝁𝑨 = 𝑨𝟔
𝒗

𝑹𝑳𝑪
𝒙𝟏𝟎𝟔 , 𝐴6 = 0.730002
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