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Fig. S1 HRTEM images of a cross-section of the TiN/SiOx/Si device.
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Fig. S2 (a) and (b) XPS of the Si and O with vacuum annealing device. O/Si ratio is 0.47. (c) I-V curve of the vacuum 

annealing. (d) and (e) XPS of the Si and O with air annealing device. O/Si ratio is 1.02. (c) I-V curve of the air 

annealing. The peak positions used in the fitting procedure are: Si: 99.3eV, Si1+: 99.8eV, Si2+: 101.9eV, Si3+ 

:102.8eV, Si4+:103.5eV. and O2-: 532.2eV and 532.6eV. [S1-S7]

And the the x value in SiOx is defined as in each spectrum and estimated from the peak area 

ratios (Ols / Si2p) in the XPS spectra. The peak area ratios are calibrated quantitatively by using 

photoionization cross-section. [S8] And the x is 0.47 (SiO0.47) and 1.02 (SiO1.02), as shown in Fig. 

S2 a - b, d - e, respectively. It is found that the vacuum and air annealing device emerged jump and 

gradual change phenomenon as shown in Fig. S2 c and f, respectively. And the SiO0.47-based device 

has larger current than SiO1.02-based device, which have more oxygen vacancies by using vacuum 

annealing fabricated and can help formation of conductive path, so the I-V curve exhibits a current 

jump, which is not desired for artificial synapse with gradual resistance modulation. And by 

controlling oxygen condition, we fabricated the different device with different oxygen vacancies 

concentration to obtain suitable device for synapse application. And SiO2 –based device has existed 

unipolar and current jump characteristics as shown in Table 1. So, we chose SiO1.78 as representative 

for our study.



Table 1

Fig. S3 The maximus current of five successive cycles at 20 oC, 80 oC and 100 oC different temperature, respectively.



Fig.S4 (a) 100 I-V cycles of TiN/SiOx/Si devices. (b) I-V curves of five-successive cycles. (c) I-V curves of five-

successive cycles, and the device was swept with 50 times. (d) (blue is positive sweep) and (f) (red is negative sweep) 

A last I-V enlarged view of (c).

The I-V curves in a vacuum environment, where the TiN/SiOx/Si devices still exhibit resistance 

switching behaviors as shown in Fig. S4 (a) - (d). Fig. S4 (a) is 100 I-V cycles of TiN/SiOx/Si 

devices. It can also keep a resistive switching window. To make sure that it's still continuously 

adjustable, the I-V curves of five-successive cycles are measured as shown in Fig. S4(b). And Fig. 

S4(c) is I-V curves of five-successive cycles, and the device was swept with 50 times. And the Fig. 

S4(d) and (f) is a last I-V enlarged view of (c). It indicated that this device can work at vacuum 

environment.



Fig. S5 (a) The I-V curves at different humidity (30% ~80%). (b) The I-V curve at 30% humidity. (c) The I-V curve 

after the humidity promoting to 80%. (d) The I-V curve after the humidity recovering to 30% (e) I-V curves of five 

successive cycles where positive voltages (0→5 V→0) was applied at humidity 30%. (f) I-V curves of five 

successive cycles where positive voltages (0→5 V→0) was applied at humidity 80%.

To study the influence of environment on the memristor property, we measure the I-V curves at 

vacuum environment different humidity (30% ~80%) as shown in Fig. S4 a-e and S5a. The device 

can keep relatively stable current windows at vacuum environment and different humidity. And the 

characteristic resistive switching cyclic voltammetry I–V profile varied systematically with the 

humidity cycles applied as shown in Fig. S5b-d, which indicating that the device can be recycling 

at different humidity levels. And I-V curves of five successive cycles where positive voltages (0→5 

V→0) was applied at humidity 30% as shown in Fig. S5e. When the ambient conditions increasing 

80% humidity, the device can still sweep continuously five cycles, and the resistance can be 

modulated with the five successive positive voltage as shown in Fig. S5f.



Fig. S6 (a) –(d) The fitting of I-V curve for SCLC, FNT, PF, respectively.
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