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Fig. S1 (a) The X-ray diffraction (XRD) pattern of the prepared amorphous NbO,/Pt/Ti/SiO,/Si structure. (b)
XPS peaks of O 1s. (c) XPS peaks of Nb 3d.
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Fig. S2 (a) Electroforming and threshold I-V characteristics of the TiN/NbO,/Pt device. (b)100 cycles of I-V at 1

LA compliance current.



Fig. S3 Statistical chart and Gauss fitting results of (a) Vs, (b) Vioigs (€) Vino, and (d) Viopg..
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Table S1. Comparison of off-state current, I.. and Ion/Iogr ratio with other Mott devices.

Material system Off-state Icc(A) Lon/Losr ratio Reference
current (Iec/Mizven)
(A, @1/2 V)
Pt/Ti/NbO,/Pt ~107 104~1073 10 ~ 100 [1]
TiN/NbO,/Si ~107 104 ~1000 [2]
Pd/NbO,/Pd ~10- ~8x104 ~80 [3]
W/NbO,/W ~2x106 102 ~5000 [4]
Ti/Au/VO,/Ti/Au ~2x104 ~2x102 ~100 [5]
Au/VO,/AL,O5 ~0.5%10-3 3.5x103 ~7 [6]
Pt/VO,/Pt ~8x107 ~4x1073 ~50 [7]
Pt/V;0s5/Pt ~7%1073 ~7x1072 ~10 [8]
TiN/NbO,/Pt ~10-10 106 ~10¢ This work
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Fig. S6  The test circuit for AC mode.
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Fig. S7 Statistical distribution of 20 turn-on time at (a) positive voltage, (b) negative voltage.



Table S2. Comparison of switching speeds with other threshold memristors (TSM).

Material system Turn-on time Bidirectional Reference
or not

Pt/HfO,: Ag NDs/Pt ~75ns X [9]
Ag/Ta0,/Ta0,/Ta0,/Ag ~75ns x [10]
Pd/Ag/HfO,/Ag/Pd <75ns x [11]
Pt/Ti/NbO,/Pt/Ti ~50ns x [12]
Ag/ LiyTis010/Ag ~ 150 ns X [13]
Pt/Ag/Si0,:Ag/Pt ~ 130 ns x [14]
Pt/HfO,/TiN ~ 80 us x [15]
Ag/WSe,/Ag ~ 700 ns X [16]

TiN/NbO,/Pt Positive: ~44 ns ¥ This work

Negative: ~40 ns
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Fig. S8 The I-V characteristics of the device and the corresponding switching of the resistance.
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Fig. S9 When R = 5 MQ, the response of CH1, CH2, CH3. (a) 5.5V, (b) 6 V, (c) 6.5V, (d) 7.5V, (¢) 8 V.



Table S3. Comparison with other neuron models.

Material Neuron Bidirectional Reference
System Model or not

Ti/Pt/VO,/Ti/Pt HH x [17]
Pt/NbO,/Pt LIF X [18]
Pt/Nb,Os/Pt HH X [19]
InP/ZnS QDs LIF X [20]
Pt/SiOxN,:Ag/Pt LIF x [21]
Pt/TiO04/Ti LIF x [22]
W/WO5/PEDOT:PSS/Pt Quasi-HH x [23]
Pt/Ti/NbO,/Pt/Ti LIF x [12]

TiN/NbO,/Pt LIF ¥ This work
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Fig. S10 The number of output spikes at different voltages. (a) Rj=2 MQ, (b) R;=5 MQ, (¢) C=10nF, (d) C=
1 nF.
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Statistical box plots of the number of output spikes at different voltages. (a) R;=2 MQ, (b) R;=5 MQ,
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Fig. S12 Boxplot statistics of the spike response of artificial neurons at different temperatures.
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Fig. S13  Turn-off response of the device at different temperatures. (a) Input. (b-f) Room temperature (~293 K),
333K, 363K, 393 Kand 423 K.
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Fig. S14 (a) Logarithmic form of device I-V curve at ambient temperature of 333 K, 343 K, 353 K, 363 K and
373 K. (b) Ln (I/V) vs V2 plot [Poole-Frenkel (P-F) emission] at different working temperature. (c-d) Fitting

curves of P-F emission in the high resistance state of the device.
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Fig. S15 The schematic of the switching mechanisms. (a) The forming process of the device. (b) The high and

low resistance transition of the device after forming.
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