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Section A: Materials Preparation and Device Fabrication
[image: ]
Figure S1. (a) Schematic representation of the experimental LPE MoS2 process and MoS2 ink preparation. (b) Photo of exfoliated NS (left) and QDs (right). (c) Photo of ultrasonic deposition process. (d) SEM image of deposited arrays.

Figure S1a shows the experimental LPE process, then, MoS2-xOx thin film was deposited at 210°C for 90 min in ambient air by using the ultrasonic deposition method as shown in Figure S1c. A thin MoS(2-x)Ox film with a thickness of about 200 nm in contact with two lateral GOy was formed through a mask with a given geometry. For such a device, the channel length is 10 µm, the contact area of SC1 and SC2 are 3.5×1.4 mm2 and 3.5×0.4 mm2, respectively. We note that such deposition method can be used to fabricate MoS2-xOx arrays for further applications such as retinomorphic vision sensors in ESI Section E.



Section B: Materials Characterization
[image: 电脑萤幕画面

中度可信度描述已自动生成]

Figure S2. (a) UV-Visible spectra of MoS2 NSs. (b) Raman Spectra of LPE MoS2 NSs.

Figure S2a shows the absorption spectra of MoS2 sample, the peaks at 413, 457, 613 and 675 nm are the characteristic absorption peaks of exfoliated MoS2 nanosheets obtained from liquid phase exfoliation. Supplementary Figure S2b shows a typical Raman spectrum of exfoliated MoS2, which exhibits two characteristic peaks, A1g and E2g, corresponding to the out-of-plane and in-plane vibration modes of 2H-MoS2 layers, respectively.
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Figure S3. (a) HRTEM image of exfoliated MoS2 NS. (b) SEAD image of twist exfoliated MoS2 NS. (c) HRTEM image of MoS2 NSs. (d) AFM analysis of MoS2 NS.

The MoS2 mixed with QDs can be obtained after 3000 rpm centrifugation process as shown in Figure S1. Figure S3a show the HRTEM image of twist MoS2 NSs with the corresponding MoS2 lattice spacing, and the Figure S3b shows the corresponding SEAD image, the hexagonal structure indicates the formation of high quality of MoS2 NS. Figure S3c shows a typical view of the edges of MoS2 nanosheets with clear lattice fringes. The thickness of MoS2 is 1.9 nm and a uniform interlayer spacing of ~0.63 nm was clearly observed, which indicates the formation of 3-4 layers of MoS2. AFM analysis of a MoS2 nanosheet shows the thickness of MoS2 nanosheets is about 2-5 nm. 
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Figure S4. (a) SEM image of deposited MoS(2-x)Ox NSs. The inset shows the SEM image of the cross-section of the MoS(2-x)Ox thin film obtained on GOy/SiO2. (b) Analysis of the deposited thin film by the method of energy dispersive X-ray spectroscopy (EDS). (c) The SEM image of the edge of G/M/G device, the channel distance is about 6 um and the contact area ratio is 1.43:0.4.

The deposition of the MoS2 film in the surrounding ambient atmosphere leads to the oxidation of the structure, as a result of which a thin MoS(2-x)Ox film with a thickness of about 200 nm, in contact with two lateral GOy, was formed through a mask with a given asymmetric geometry (x≈0.27). A pulse of -4V for 8s is applied under illumination to initiate the device.























Section C: Current-Voltage Measurements
[image: 图示

描述已自动生成]
Figure S5. (a-d) Photocurrent response of device to light pulses of 10s duration for LPS, HPS1, HPS2 and HPS3, respectively. (e) Retention times of multilevel photoresponse states at 0 bias, the symbols represent: current without illumination-black square; photocurrent at LPS, HPS1, HPS2, HPS3-red, blue, green, purple sphere, respectively.

Figure S5 shows the photocurrent retention of photo-memristor, during the measurement, the photo-memristor is illuminated with a 10 s pulse of light from solar simulator (power density, 56 mW/cm2), during the retention time, the light was turn on. The retention time for LPS and HPS states are all more than 3×103 seconds at room temperature.
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Figure S6. I-V characteristics of the GOy/MoS(2-x)Ox/GOy device in the light for hundreds of sweeps of various bias voltages, which represent hundreads experimental switching loops for various photoresponse state, indicates a high degree of repeatability of photoresponse state switching.
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Figure S7. Photocurrent readout at 0V for various photoresponse states, the photocurrent calculate average of hundreds switching loops at various photoresponse states.
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Figure S8. (a) SEM image of a specific GOy/MoS(2-x)Ox/GOy structure for Raman characterization, the channel length is 2 µm. (b-c) I-V characteristic of specific GOy/MoS(2-x)Ox/GOy photo-memristors.
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Figure S9. SEM image of pristine CVD graphene electrode.

The CVD graphene was grow on Cu foil (99.999%), the preliminar annealed at 1060 °C under a hydrogen flow of 300 sccm and an Ar flow of 2000 sccm at a pressure of <10-4 Torr for 1-2h in the growth chamber. Then the graphene was grown by CVD at 1020 °C from a mixture of CH4 (40 sccm flow) and H2 (10 sccm). Finally, the sample was cooled to room temperature under a temperature regime.1 Figure S9 shows the SEM image of defective structure, a specific structures distributed ober the surface with a mean density of about  cm-2 was found.
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Figure S10. Optical images and Raman spectrum of a graphene film (a), a multilayer island (b) and annulus (c).

Figure S10 show the corresponding Raman characteristics for a graphene film, a multilayer island and annulus, respectively, it was found that the main difference of various structure being the rise of ID/IG, the decrease of I2D/IG, indicates the degradation of graphene quality and the formation of very defective multilayer graphene structure for oxidation and reduction.
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低可信度描述已自动生成]Figure S11. (a) Raman spectra of G/M/G with residual organic contamination. (b) Black curve: Raman spectra of CVD graphene before oxidation; The red, blue, and pink curves show the Raman spectrum of the specific point of SC2 at various photoresponse states. 

Due to the inevitable carbon contamination during evaporation process, it’s difficult to estimate the feature of graphene from Raman spectrum when thick enough MoS2-xOx film was deposited. Therefore, Raman characterization was carried out on a specific point on atomic thin G/M/G structure for various states. Note that the Raman results of pristine graphene calculated the average of more than 10 points as shown in Figure S11b (black curve).
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Figure S12. Correlation changes in the states of the pristine graphene and the states of the photoresponse of the device for: (a) Raman intensity ratios for G- and 2D-modes; (b) Shifts of the G and 2D modes; (c) Full width at half maximum (FWHM) of the G peak and 2D peak.

The pristine graphene shows a D/G and 2D/G intensity ratio of around 0.3 and 1.2. With the increment of degree of lattice disorder after oxidation, the ratio of the defect-induced D band and the graphite-originated G band (ID/IG) rise from 0.3 to 0.5, while the 2D/G intensity ratio decreases from 1.2 to 0.9. When the device switches from LPS to HPS, the ratio of ID/IG decreases from 0.5 to 0.4, the ratio of I2D/IG increases from 0.9 to 1.0; the peak position of G band and 2D band shows a slight red shift and a decrease in the FWHM of G mode and 2D mode can be observed as shown in Figure S11b-c, corresponding to a reduction process of GOy according to previous reports2,3. After the Reset process, the ratio of ID/IG increases up to 0.5, the ratio of I2D/IG decreases to 0.9; a slightly blue shift and broadening of the G band and the 2D band can be observed, which indicates the oxidation process2-4.













Section E: Implementation of stateful logical operations with photo-memristors
	Like the devices connected as shown in the inset of Figure S13d, here we connect several devices as schematic shown in Figure 4, to demonstrate the stateful logic computation, when we read the photoresponse states of each device, we disconnect the device from the logic operation unit, and read the photoresponse of each device. 
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Figure S13. (a) The I-V curve of devices s, p and q under illumination with different light intensities. (b) Hysteresis reset curve of the photo-memristors (p and q) in the light, the inset shows photograph of two devices.

	To implement the IMP operation, the device s is set to HPS, and during the measurements the device s is illuminated at the light intensity of 6.4 mW cm-2, the corresponding I-V is shown in S13a. Those three photo-memristors are connected as schematic shown in Figure 3a. The light intensity is set to be 56 mW cm-2 for p and q, and 6.4 cm-2 for s, as shown in Figure S13a, the resistance of device s is one order higher than that of the device in HPS illuminated with a light intensity of 6.4 mW cm-2, and its two orders lower than that of the device in LPS illuminated with a light intensity of 6.4 mW cm-2. As the FALSE operation always switch the device in LPS (logic value: 0), we simply applied a negative voltage pulse of -2.5V for 6s on both p and q device under illumination as shown in Figure 3. the photoresponse states can be read by light stimuli, the results and corresponding truth table are shown in Figure 3d. Note that the device can hardly show negative photoresponse even a -2.5 V pulse is applied on a LRS device, which may be due to the asymmetric contact geometry.














Section F: Emulation of a retinomorphic vision sensor 
[image: ]

Figure S14. (a) Schematic representation of single photo-memristor cell for various photoresponse state. (b) The photocurrent (power density, 56 mW/cm-2) for LPS, HPS1, HPS2, HPS3 reading at 0V and its opposite polarity, the unit in the Table is nA. (c) Schematic representation of photo-memristors connected in parallel with the same direction for various photoresponse states. (d-e) The photocurrent response of devices in (c) to light pulses (power density, 56 mW cm-2) of 10s duration for HPS1 & HPS1, HPS1 & HPS3, HPS2 & HPS2 and HPS3 & HPS3, respectively. The inset of Figure S13d show the two devices collected with wire bonding. The unit in the Table is nA. (f) Schematic representation of photo-memristors connected in parallel with the opposite direction for various photoresponse states. (g) The short-circuit current of devices in (f) to light pulses (power density, 56 mW/cm-2) of 10s duration. The unit in the Table is nA.

As the short-circuit photocurrent can hardly increases with higher voltage stimuli, the multi-photoresponse states can be realized by varying the different states and polarities of the photo-memristors. By setting the photoresponse state of each photo-memristor with different polarities, the output photocurrents of -11, -80, -99, -153 nA can be obtained by changing the polarity of photo-memristor as shown in Figure S14 (a) and (b). By connecting two devices in parallel, we are able to obtain short-circuit current of 176, 200, 246, 332 nA when the polarities of two devices are same, when the polarities of two devices are opposite the circuit current are -152, -82, -19, 0, 19, 84, 147 nA as shown in Figure 4b and Figure S14g. We note that we only remain the photoresponse states which generate distinguishable circuit current.
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Figure S15. Demonstration of image pre-processing with photo-memristor array. 

The operation of Gaussian blur is emulated by a  photo-memristor arrays with the individual device write to specific photoresponse state, in which each cell contains a single photo-memristor as shown in Figure S15. The Experiment results emulated from the photoresponse states matrix of   with our photo-memristor, while the simulated blurred image calculated with matrix of . The operation of Laplacian operator is emulated by a  photo-memristor arrays with two photo-memristors write to specific photoresponse state. The Experiment results emulated from the photoresponse states matrix of  with our photo-memristors set, while the simulated blurred image calculated with matrix of . 
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Figure S16. Demonstration of image pre-processing of Roberts operator with photo-memristors array.
The operation of image preprocessing of Roberts operator is emulated by a  photo-memristor arrays with the individual device write to specific photoresponse state, in which each cell contains 2 photo-memristors as shown in Figure S16.

[image: ]

Figure S17. Demonstration of image pre-processing of Prewitt operator with photo-memristors array.

The operation of image preprocessing of Prewitt operator is emulated by a  photo-memristor arrays with the individual device write to specific photoresponse state, in which each cell contains 2 photo-memristors as shown in Figure S17.
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Figure S18. Accuracy of the SLP classifier during training with floating-point weight and discrepant 7-level photoresponse state.

Such SLP classifier also allows classifying MNIST data set into 10 classes when 10 photo-memristors can be integrated in one cell. For such a neural network, it is implemented in Pytorch on an NVIDIA TITAN XP GPU. The SLP is trained offline with 60000 images of the training set with batchsize 64 and 4000 iterations, delivering the final output probability that classify the input image to 10 classes on the testing set (10000 images) with 92.02% accuracy (Figure S18). The weights in the FC are discretized to accommodate the 7-levels photoresponse states. After discretization, the accuracy is about 90.03% which is 2% lower than the pristine SLP







[image: 图片包含 日程表

描述已自动生成]
Table S1. Typical parameters of neuromorphic computing devices.
We have demonstrated experimentally a memphotoresponsitive switching device with simple two-terminal architecture, in which photoexcited carriers and ion migration are coupled under photoexcitation and bias voltage (Supplementary Table S1). These results are an example of a pinched current-voltage characteristic hysteresis beyond zero under illumination. The theory of the photo-memristor and experimentally obtained characteristics of this new device require further study and establishment. Photo-memristors in integrated circuits artificial neural networks have enormous potential for significantly expanding the functionality of optoelectronic systems, if the theory of photo-memristor is well established, and the dynamical nature of such optoelectronic devices is comprehensively studied and effectively used. Imperative applications include ultra-dense in-memory sensing and computing systems, as well as photoinduced learning networks. 
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