
Conductance and Force traces are aligned at the rupture point of 

interest and overlaid to create two-dimensional histograms

Two-dimensional histogram analysis of conductance and force data:

1. Phase change property of VO2

Phase transition can be triggered: 

- Thermally

- Electrically

- Applying mechanical stress, pressure

- Optically

Physical speed limitation of VO2 oscillators
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Volatile Mott memristors are key components of neuromorphic circuits alongside conventional non-volatile resistive switches. While the latter essentially play the role of artificial synapses in neural network applications, the former act 

as artificial neurons implementing several neural spiking patterns[1]. In addition, Mott memristors are well applied to oscillating neural networks, where information processing occurs in the dynamic domain and the computation is 

encoded by the phase of the oscillators. All these applications require fast operation, but until today, only oscillation frequencies in the 10 MHz regime have been achieved with the most common, VO2-based Mott memristors [2].Here 

we investigate the dynamic operation of nanoscale VO2 Mott memristors, where the functionality is concentrated in the ultrasmall, ~30 nm wide region between the contacting electrodes[3]. By analyzing and comparing the results of 

time-resolved pulsed experiments and the evolution of the device states along the constant bias oscillatory operation, we explore the physical and geometrical speed limitation of VO2 oscillators.

5. LTSpice VO2 model

2. VO2 based resistive switching memories
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Vdrive = a ⋅ log fdrive + b

Possible applications of VO2

- Resistive switches

- Optical switches
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8. Nanosecond observation

•Red is 6x of the transmitted sign

Nonlinear resistance in metallic phase
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Property changes during the phase transition:

- Electrical conductivity

- Optical transmission

-   Thermal conductivity

Physical mechanism behind the phase change: Mott transition

Sample fabrication: SEM image
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3. Application of VO2 based resistive switches

Vdrive = a ⋅ log fdrive + b

4. Sample holder optimisation

Vdrive = a ⋅ log fdrive + b
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6. Oscillator circuit models

7. Ultrafast oscillations

• Parallel non-shielded wires can cause parasitic 

capacitence and induce unwanted currents

• Reflections can occur in low frequency sample holder

• Impedance matched measurement system was needed
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• Zero parallel capacitance, 

oscillation frequency is infinite

• In the conventional oscillator  circuit one can take 

cable lengths into account between the voltage 

measurement input and the memristor

• Even with super low parallel capacitance, oscillations 

converge to a  finite frequency

• We simulated a waveguide geometry impedance matched 

measurement system as well. Result shown in red.

• Reducing the memristor’s switching time and the parallel 

capacitance value, still finite frequency is experienced

Experimental results with voltage measurement follow the simulated frequency trends
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• LTSpice circuit simulation 

allows us to analyze high 

frequency oscillations

• VO2 is described as a 

simple resistor

• Our measurements 

showed parallel device 

capacitance of <20fF 

which can be neglected 

• VO2 model was made 

considering the

• Switch ON voltage

• Switch OFF voltage 

• ON and OFF state 

resistances

• Switching times

of the device

• LTSpice circuit model can describe the 

oscillations up to a certain frequency

• If the memristor’s switching time is 

comparable with the period time of the 

oscillations, experiments start to differ from 

simulations

Conditions that must be met 

by the oscillator circuit 

elements and the memristor:

Steps occur in oscillation’s 

current spike due to the 

transmission behavior of the 

memristor

Steps can be 

observed only in low 

frequency oscillations, 

because internal 

resistance changes of 

the memristor are not 

sharp enough

From lower 

resistances the 

relaxation is 

much slower

Red is 6x of the transmitted sign Red is 6x of the transmitted sign

Tiny change in 

readout voltage 

can cause 

enormous 

increase in 

relaxation time

Relaxation is 

measured under 

high readout, 

because VO2 

faces high 

voltages during 

oscillations
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