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Figure. S1 The normalized curve of ion concentration distribution as a function of 

depth.
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Figure. S2. (a) The I-V curves under different negative voltages. (b) I-V curves for the 
initial and subsequent sweeps at -7 V.



4

Figure. S3. 100 I-V cycle curves of (a) D0, (b) D1, (c) D2, and (d)D3.
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Figure. S4. The I-V curve cycles of device (a) 1, (b) 2, (c) 3, (d) 4, (e) 5. (f) Comparison 

of I-V curves of five devices.
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Figure. S5. The on/off radio of (a) D0, (b) D1, (c) D2, and (d)D3.
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Figure. S6. Comparison of switching ratio between D4 device and other memristors.
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Figure.S7. EPSC stimulated with (a) a single and (b) two positive pulse amplitudes on 

D4. IPSC stimulated with (c) a single and (d) two negative pulse amplitudes on D4. (e) 

EPSC and (f) IPSC stimulated with different pulse amplitudes.
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Figure. S8. EPSC stimulated with a single positive pulse amplitude on (a) D0, (b) D1, 

(c) D2, and (d) D3. IPSC stimulated with a single negative pulse amplitude on (e) D0, 

(f) D1, (g) D2, and (h) D3.
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Figure. S9. EPSC stimulated with two positive pulse amplitudes on (a) D0, (b) D1, (c) 
D2, and (d) D3. IPSC stimulated with two negative pulse amplitudes on (e) D0, (f) D1, 
(g) D2, and (h) D3.
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Figure. S10. EPSC stimulated with different pulse amplitudes on (a) D0, (b) D1, (c) D2, 
and (d) D3. IPSC stimulated with different pulse amplitudes on (a) D0, (b) D1, (c) D2, 
and (d) D3.
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Fi
gure. S11. EPSC stimulated with different numbers of pulses on (a) D0, (b) D1, (c) D2, 
and (d) D3. IPSC stimulated with different numbers of pulses on (a) D0, (b) D1, (c) D2, 
and (d) D3.
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Figure. S12. PPF index as a function of Δt with (a) D0, (b) D1, (c) D2, and (d) D3. PPD 
index as a function of Δt with (a) D0, (b) D1, (c) D2, and (d) D3.
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Figure. S13. (a)Training accuracy to small image of the D4. (b) Accuracy after adding 
noise to large image of D4. 



15

Figure. S14. Schematic diagram of (a) neural network and (b) crossbar neural nucleus 
with memristor as nodes.


