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Fig. S1 HRTEM images of a cross-section of the TiN/SiO,/Si device.
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Fig. S2 (a) and (b) XPS of the Si and O with vacuum annealing device. O/Siratio 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, Sil*: 99.8eV, Si**: 101.9¢eV, Si3*

:102.8eV, Si**:103.5eV. and O%: 532.2¢V 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 (SiOg47) and 1.02 (SiO (), as shown in Fig.
S2 a-Db,d - e, respectively. It is found that the vacuum and air annealing device emerged jump and
gradual change phenomenon as shown in Fig. S2 ¢ and f, respectively. And the SiO 47-based device
has larger current than SiO; o-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 SiO, —based device has existed
unipolar and current jump characteristics as shown in Table 1. So, we chose SiO ;5 as representative

for our study.



Table 1

Device structure Preparation method (SiO,) thickness  Unipolar/Bip  Jump Continually EPSC Synapse device
olar modulated
TiN/SiO) 73/p-Si (This work) Thermal oxidation (600°C) 4-5nm Bipolar No Yes Yes Yes
WI/Ti/Si0./p-Si[S9] Thermal oxidization 50nm Unipolar Yes No No No
W/TIN/SiOx/p-Si[S9] PECVD 50nm Bipolar Yes No No No
W/Ti/(PECVD) SiO~/TiN/Si[59] PVD 50nm Unipolar Yes No No No
TaN/S102/n-S1[S10] Magnetron sputtering 40nm Unipolar Yes No No No
Aw/Cr/Si02:W/doped-Si[S11] Thermal oxidation(1000°C) 25nm Bipolar Yes No No No
TiN/8iOx/FeOx/Fe[S12] PECVD 50nm Bipolar Yes No No No
Pt/SiO2:Pt/Ta/Si02/Si[S13] Magnetron sputtering 2-3nm Bipolar Yes No No No
p-S1/8i02/n-Si[514] - 3.5nm Bipolar Yes No No No
Si/Si02/Si[S15] PECVD 150nm Unipolar Yes No No No
TaN/SiO2/Si[S16] PECVD 60nm Unipolar Yes No No No
graphene/Si0O2 nanogap[S17] RPECVD 300nm Unipolar Yes No No No
graphene/Si0; nanogap[S18] - - Unipolar Yes No No No
ITO/Si0./p-Si[S19] Thermal annealing( 1000 °C) ~50nm Unipolar Yes No No No
AlSIO./p-Si[S19] Thermal annealing( 1000 °C) ~50nm Unipolar Yes No No No
p-Si/Si0/p-Si[S19] Thermal annealing( 1000 °C) ~50nm Unipolar Yes No No No
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Fig. S3 The maximus current of five successive cycles at 20 °C, 80 °C and 100 °C different temperature, respectively.
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Fig.S4 (a) 100 I-V cycles of TiN/SiOx/Si devices. (b) I-V curves of five-successive cycles. (¢) 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/Si0,/Si devices still exhibit resistance
switching behaviors as shown in Fig. S4 (a) - (d). Fig. S4 (a) is 100 I-V cycles of TiN/SiO,/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.
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Fig. S5 (a) The I-V curves at different humidity (30% ~80%). (b) The I-V curve at 30% humidity. (¢) 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 [-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. S5¢. 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.



(a) (b)
0 -
» SCLC
1t 2| =
a | = | ,
- <
= 3t -~ =
E -l'.. u! NZ Al
= =} -
e ik { o . '
o -1 g} #,'r "
e . —= HRS_FNT
0.0 04 0.8 12 16 e T e : s 10 12
(c) Ln(V) (d) 1V
2 . LRS_PF 2] ——HRS_PF
E 3t St
]
§ 4 <4 -
4l = 3
S =l
T 5f T
i -~ 5f
SF =" 7l
0.0 0.5 1.0 15 2.0 2.5 0.0 05 1.0 15 2.0 2.5
V1!2(v112) V1I2(v1l2)

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