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The absorbance spectrum of the TiO2-x thin film was recorded in the range of 300-

1000 nm, as shown in Fig. S1. The optical band gap (Eg) is estimated by the Tauc plot. 

（𝛼ℎ𝑣）1/𝑛= 𝐵(𝐸𝑔 ‒ ℎ𝑣) (1)

where  is the absorption coefficient, h is the Planck's constant,  is the frequency 

and B is a constant. The exponent n is directly related to the semiconductor type. The 

optical band gap of TiO2-x is estimated to be 3.56eV which exhibits band gap direct 

transitions (n=1/2) [1,2]. The value is consistent with data in other reports [3].

Fig. S1 Absorbance spectra of the TiO2-x based film. Inset: Band gap width fitted 

according to the Taut plot.

Fig. S2 The step height (a) and surface (b) image of the as-prepared TiO2-x film 

measured by AFM.



The XPS survey spectrum shown in Fig. S3 reveals that the samples mainly 

contain Ti, O, and C element. 

Fig. S3 XPS spectra of survey spectrum

X-ray diffraction images of the surface and deep layers of TiO2-x films show that 

the films contain TiO, TiO2, Ti2O3, Ti7O13, Ti3O5 and TiO0.7207 [4-7]. This situation 

indicates that there are many defect states on the surface and deep layer of TiO2-x film.

Fig. S4 X-ray diffraction images of the surface (a) and deep layers (b) of TiO2-x film.

As shown in Fig. S5, the decayed EPSC curve can be fitted with the Kohlrausch 

stretched-exponential function shown below [8,9]: 



𝐼𝑡= ∆𝐼 × 𝑒𝑥𝑝⁡[ ‒ (𝑡 ‒ 𝜏)
𝛽] + 𝐼∞ (2)

where  and  is the relaxation time and the stretch index ranged between 0 and 1, 

respectively, while I∞ is the resting current of 1.15 nA. The  value is estimated to be 

~15 s.

Fig. S5 The decayed EPSC curve fitted with a stretched exponential function.

Fig. S6 Visual event memory process with different internal emotion states. The 

internal emotion is triggered by 0.5 V and 0.7 V and 1.0 V, respectively. The same 

visual memory event is fixed to be triggered by the 365 nm light pulses with the 

intensity of 3.0 mW/cm2, duration time of 2 s and interval time of 2 s. 



Fig. S7 The current response under light pre-spikes with bias at 0.5 V.



Fig. S8 The current response under light pre-spikes with bias at 0.7 V.



Fig. S9 The current response under light pre-spikes with bias at 1.0 V.



Fig. S10 Visual event memory process with different ambient brightness. The 

intensities of ambient brightness are 1.2 mW/cm2, 3.0 mW/cm2 and 4.0 mW/cm2, 

respectively. The emotion is fixed at 1.0 V (bias).



Fig. S11 The current response triggered by light pulses with ambient brightness of 1.2 

mW/cm2 light intensity.



Fig. S12 The current response triggered by light pulses with ambient brightness of 3.0 

mW/cm2 light intensity.



Fig. S13 The current response triggered by light pulses with ambient brightness of 4.0 

mW/cm2 light intensity.

Fig. S14 The excellent visual memory with decay time at 500 s with 4.0 mW/cm2 

brightness of the ambient illumination.



Fig. S15 (a) The compensatory effect of ambient illumination brightness on emotion 

and memory. (b) The function between ambient lighting time and emotion and 

memory.



Table S1. Comparison between previous artificial photoelectronic synapse devices and 
this work.

Device structure
Light 

source

Light 

intensity

(mW/cm2)

Multiple 

memory

Learning-

forgetting

-

relearning

Optoelectronic 

synapse array

visual 

memory 

influenced 

by emotion 

and 

illumination 

ITO/Nb:SrTiO3 [10] visible 10-30 √ √ √ -

ITO/IGZO/Al2O3/Al[11
]

UV 0.15 √ - - -

ITO/MO/SiOx/IGZO/
SiOx/SiNx/MO [12]

UV 500 - - - -

ITO/MoS2/TiNxO2-x [13] UV 0.54-3.56 √ √ √ -

ITO/SnOx/ITO [14] visible 4-16 √ √ √ -

ITO/TiO2/p-Si 
(This work)

visible 0.5-3.0 √ √ √ √

Symbols “√” and “−” denote demonstrated and non-demonstrated synaptic functions, 
respectively. 
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