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Supplementary Note 1

Details of the precise algorithm of memristor switching to a state with preset resistance

The algorithm of memristor switching to a state with preset resistance [1] that was used is based
on the application of voltage pulses with smoothly varying amplitude and duration of 100 ms.
The main input parameters of this algorithm are amplitude of the first pulse Uy, pulse amplitude
change AU at the next step, preset memristor resistance R, accuracy AR/R of resistance setting,
and duration 7 of the learning pulses. The essence of the algorithm is as follows. Every ith
iteration is divided into two stages: measuring and learning. At each stage, the resistance R; is
calculated by applying a reading pulse (+0.1 mV, 50 ms). At the learning stage, pulses with
amplitudes U; and duration 100 ms are applied, where the first learning pulse amplitude is
always Uy and the polarity of all learning pulses coincides with the sign of the (Ri—R) difference.
Then, if the signs of (R—R;-1) and (R—R;) are the same, the amplitude of the ith learning pulse is
changed to Ui=U;-1+AU; if the signs are different, the amplitude is U=U, and only the ith pulse
polarity is changed. If amplitude U; at the ith step exceeds the maximum permissible value, the
amplitude is reset to Up. The algorithm operation is terminated if the current structure resistance

falls within the preset accuracy interval (R—AR < R; < R+AR).

[1] Nikiruy, K. E. et al. A precise algorithm of memristor switching to a state with preset

resistance. Tech. Phys. Lett. 44, 416419 (2018).



Long-time retention
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Figure S1. Long-time retention of Ag/PPX/ITO memristors.
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Figure S2. Long-time retention of Cu/PPX/ITO memristors.



Spike learning
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Figure S3. STDP window of Cu/PPX/ITO memristive structures, obtained with bi-rectangular
pulses of various amplitudes. Post-synaptic pulses were applied after pre-synaptic ones with a
varying delay time Az. All the pulses were symmetric. Every point of the curves is a median of
10 recorded experimental values. Initial conductance was 0.1 mS, pulse half-durations were

200 ms.

As one can see, the best result is obtained when the pulses of 0.7 V are applied (the shape of the
curve is smooth and it has one extremum).

1.0

—=— 100 ms
08 —e—150ms

200 ms
—¥—250ms

06

04

AG (mS)

02

00

02 I I I I L
-600 -400 -200 0 200 400 600

At (ms)

Figure S4. STDP window of Cu/PPX/ITO memristive structures, obtained with bi-rectangular
pulses of various half-durations. Post-synaptic pulses were applied after pre-synaptic ones with a
varying delay time Az. All the pulses were symmetric. Every point of the curves is a median of

10 recorded experimental values. Initial conductance was 0.1 mS, pulse amplitudes were 0.7 V.



As one can see, the best result in this case is obtained when the pulses of 150 ms are applied.
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Figure S5. STDP window of Cu/PPX/ITO memristive structures obtained with bi-rectangular
pulses. (a) STDP window for various initial conductance values. Post-synaptic pulses were
applied after pre-synaptic ones with a varying delay time Atz. All the pulses were symmetric.
Every point of the curves is a median of 10 recorded experimental values. Pulse amplitudes and
half-durations were 0.7V and 150 ms, respectively. (b) STDP window for various pulse
amplitudes (top image, half-duration is 200 ms) and half-durations (bottom image, amplitude is
0.7 V). Images are obtained by colour mapping of a cubic interpolation (2000 pts) of the

corresponding STDP curves (Figures S4-S5).

By analogy, the bi-triangular pulse was checked.
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Figure S6. STDP window of Cu/PPX/ITO memristive structures, obtained with bi-triangular
pulses of various amplitudes. Post-synaptic pulses were applied after pre-synaptic ones with a
varying delay time Az. All the pulses were symmetric. Every point of the curves is a median of
10 recorded experimental values. Initial conductance was 0.1 mS, pulse half-durations were 200

ms.

Note that the 0.8 V curve is the smoothest and has one extremum, therefore we chose this pulse

amplitude for the next experiments.
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Figure S7. STDP window of Cu/PPX/ITO memristive structures, obtained with bi-triangular
pulses of various half-durations. Post-synaptic pulses were applied after pre-synaptic ones with a
varying delay time Az. All the pulses were symmetric. Every point of the curves is a median of

10 recorded experimental values. Initial conductance was 0.1 mS, pulse amplitudes were 0.8 V.
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The same experiment parameters (0.8 V, 200 ms) show here the best result in this case.
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Figure S8. STDP window of Cu/PPX/ITO memristive structures obtained with bi-triangular
pulses. (a) STDP window for various initial conductance values. Post-synaptic pulses were
applied after pre-synaptic ones with a varying delay time Atz. All the pulses were symmetric.
Every point of the curves is a median of 10 recorded experimental values. Pulse amplitudes and
half-durations were 0.8 V and 200 ms, respectively. (b) STDP window for various pulse
amplitudes (top image, half-duration is 200 ms) and half-durations (bottom image, amplitude is
0.8 V). Images are obtained by colour mapping of a cubic interpolation (2000 pts) of the

corresponding STDP curves (Figures S6-S7).



