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 35 

Abstract 36 

Due to the potential application in optoelectronic memories, optical control of ferroelectric 37 

domain walls has emerged as an intriguing and important topic in modern solid-state physics. 38 

However, its device implementation in a single ferroelectric, such as conventional BaTiO3 or 39 

PZT ceramic, still presents huge challenges in terms of the poor material conductivity and the 40 

energy mismatch between incident photons and ferroelectric switching. Here, using the 41 

generation of photocurrent in conductive -In2Se3 (a van der Waals ferroelectric) with a two-42 

terminal planar architecture, we report the first demonstration of optical-engineered 43 

mailto:li.l@unsw.edu.au
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ferroelectric domain wall in a non-volatile manner for optoelectronic memory application. The 44 

-In2Se3 device exhibits a large optical-writing and electrical-erasing (on/off) ratio of > 104, as 45 

well as multilevel current switching upon optical excitation. The narrow direct bandgap of the 46 

multilayer -In2Se3 ferroelectric endows the device with broadband optical-writing 47 

wavelengths greater than 900 nm. In addition, photonic synapses with approximate linear 48 

weight updates for neuromorphic computing are also achieved in our ferroelectric devices. This 49 

work represents a breakthrough toward technological applications of ferroelectric nanodomain 50 

engineering by light. 51 

1. Introduction 52 

 In this modern era of artificial intelligence and the Internet of Things, the surging demands 53 

of data analysis and processing have driven the need to develop novel multifunctional memories 54 

featuring high-density information storage. For example, optoelectronic memories, capable of 55 

photon sensing and storage, hold great potential in image capturing/recognition, confidential 56 

information encryption, and neuromorphic vision systems.[1,2] Although silicon-based 57 

optoelectronic memory devices have been developed for commercialization, in which the 58 

photon capture and storage cells are physically separated,[3] the development of a new material 59 

platform that can merge these two functionalities into a single device is crucial for miniaturized 60 

monolithic integration.  61 

Toward this aim, researchers have increasingly looked into ferroelectric materials, which 62 

feature unique light-matter interactions (e.g., the photovoltaic and photostriction effects) that 63 

provide a new polarization-based paradigm for fundamental research[4,5] and technological 64 

exploration.[6] Ferroelectrics retain electrically and mechanically switchable domains[7] that can 65 

be split into different orientations by neutral or charged domain walls.[8,9] Very recently, the 66 

unexpected discovery of light-induced polar ordering change[10,11,12,13,14] has greatly broadened 67 

the research scope of these materials, in which light can be used to either locally or globally 68 

engineer the ferroelectric domains in a remote, non-contact manner, with the potential for 69 
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application of ferroelectrics in photon storage. Furthermore, previous studies have shown non-70 

volatile optical control over ferroelectric ordering,[13,14] which suggests optoelectronic 71 

memories could be realized by adopting an advanced operation mechanism of storing and 72 

retrieving light information in domains or domain walls. Nevertheless, such a novel type of 73 

working mechanism has yet to be demonstrated in a single ferroelectric due to its low 74 

conductivity and the lack of a potential strategy for balancing the energy mismatch between 75 

incident light and ferroelectric switching. 76 

   To achieve nanoscale ferroelectric optoelectronic memories, emerging van der Waals 77 

ferroelectrics are promising building blocks. These materials offer robust polar ordering down 78 

to the monolayer limit, zero dangling bonds across their surfaces, flexible assembly of van der 79 

Waals heterostructures without consideration of lattice matching, and great potential for 80 

extending Moore’s law for future electronics.[15,16] Among these van der Waals ferroelectrics, 81 

crystalline -In2Se3 with outstanding optical properties[17,18] has attracted increasing attention 82 

for ferroelectricity studies or photodetector applications.[16,19,20,21] Interestingly while -In2Se3 83 

possesses two disparate atomic stacking configurations (hexagonal and rhombohedral 84 

structures),[22] both of them are ferroelectric semiconductors (more conductive than the 85 

conventional ferroelectrics) that stably preserve the interlocked in-plane and out-of-plane 86 

dipoles at room temperature.[20,21]  87 

Here, we find that the photocurrent in a conductive ferroelectric (i.e., hexagonal -In2Se3 88 

crystal) can help to drive the ferroelectric domain wall in a non-volatile manner. With this 89 

observation, we report an unprecedented working prototype of optoelectronic memories where 90 

light information can be stored and retrieved in reconfigurable ferroelectric domain walls. The 91 

demonstrated device exhibits a writing/erasing current (on/off) ratio of > 104 and broadband 92 

photon storage covering the wavelengths greater than 900 nm. The writing and erasing 93 

operations can be successfully accomplished in a simple planar device architecture composed 94 
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of a ferroelectric -In2Se3 channel and two electrodes, which largely reduces the device 95 

structural complexity compared to other van der Waals materials based optoelectronic 96 

memories that require an auxiliary hybrid heterostructure or back gate for trapping of 97 

photogenerated charges.[1,23] This simple device structure can facilitate the integration of van 98 

der Waals materials based dense device arrays for high-resolution image recognition. In 99 

addition, we also demonstrate photonic synapses with almost linear weight updates for 100 

neuromorphic computing. 101 

2. Results and Discussion 102 

Figure 1a shows the schematic crystal structures of hexagonal -In2Se3 to demonstrate the 103 

electric dipoles along four different orientations: [210], [1̅10], [1̅2̅0] and [001] (Supplementary 104 

Note 1), which macroscopically produce out-of-plane (OOP) and in-plane (IP) 105 

ferroelectricity.[21] For experimental measurements, we exfoliated -In2Se3 flakes (see 106 

Supplementary Fig. S1 for the Raman spectrum) onto different substrates, including conductive 107 

gold and silicon wafers. First, to visualize the spontaneous ferroelectric domains, we conducted 108 

OOP and IP piezoresponse force microscopy (PFM) with a +0.5 V AC bias applied to the probe 109 

to characterize typical -In2Se3 flakes with thicknesses ranging from 50–70 nm (Figures 1b-110 

1d and Figures S2a-c). The ferroelectric domain walls that separate different domains are in the 111 

shapes of arcs and straight lines, which we mark with red dashed lines. To confirm the intrinsic 112 

ferroelectricity of -In2Se3, we examined the domain switchability under an external electric 113 

field, as shown in Figures S2d-f. Meanwhile, to verify the periodic IP polar ordering, we also 114 

carried out scanning-angle dependent PFM mapping (Figure S3).  115 

In order to unveil the superior optical properties of -In2Se3 for optoelectronic application, 116 

we measured the material’s photoluminescence (PL) spectra as a function of the sample 117 

thickness, as shown in Figure 1e and Figure S4, in which the -In2Se3 crystal exhibits a direct 118 

bandgap. As the thickness decreases, the strongest peak in the spectrum (“Peak A”) indicate 119 
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blue shifts, whereas the weaker, adjacent two peaks display negligible change. These three PL 120 

peaks could be ascribed to valence band splitting, like the A and B peaks in monolayer MoS2.[24] 121 

As shown in Figure 1f, the extracted bandgap, varying from 1.4 eV (883 nm) for the bulk 122 

material to 1.45 eV (852 nm) for the 14.7-nm-thick flake, displays a small tunable range over 123 

different thicknesses. Compared with wide-bandgap perovskite-structured ferroelectrics,[4,12,13] 124 

hexagonal -In2Se3 with its narrow, direct bandgap is more desirable and appealing for 125 

applications in visible and near-infrared optoelectronics. 126 

Next, we conducted the optoelectronic characterization of the -In2Se3 devices, which we 127 

fabricated on silicon wafers capped with a 300-nm oxide layer. Note that due to the broad 128 

emission peak and high exfoliation yield, -In2Se3 flakes with thicknesses of ~45–75 nm were 129 

adopted to demonstrate broadband optoelectronic memories. The inset of Figure 2a displays 130 

an optical image of an -In2Se3 device with four Ti/Au electrode terminals, though only a single 131 

terminal pair (T3-T4, channel length: ~1.1 m) was actually used in the following 132 

measurements. Figure 2a shows the I-V curves of the device at various maximum-voltage 133 

sweeps under dark conditions. The observed large hysteresis results from the change in -In2Se3 134 

ferroelectric ordering,[25] which can be confirmed by a well-fitting model based on the 135 

propagation-dominated domain switching process (i.e., classic Kolmogorov-Avrami-Ishibashi 136 

propagation model; see Figure S5 and Supplementary Note 2 for more details). The ±4 V and 137 

±5 V scans exhibit nearly identical hysteretic windows, which indicates that a poling bias with 138 

a magnitude of 4 V is sufficient to fully reverse the -In2Se3 channel domains. In contrast, the 139 

±0.5 V sweep displays a closed hysteretic window (green curve), which does not enable domain 140 

switching because the sweeping bias is far below the coercive voltage of ferroelectric -In2Se3. 141 

Therefore, in subsequent experiments, we used a small +0.3 V bias to “read” the device currents 142 

in order to avoid domain switching during readout, unless otherwise specified. Furthermore, 143 

the hysteretic I-V curves are relatively stable over one month at ambient conditions and the 144 
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back gate can offer an additional terminal to produce the hysteretic window for switching the 145 

channel current (Figure S6). 146 

Figure 2b displays the time-resolved non-volatile photo-response current under different 147 

domain states (the initial state, and after +4 V poling and −4 V poling), unlike the volatile photo-148 

responses in previously reported In2Se3 photodetectors.[18,23] Note that the spot size of the white 149 

light source we used completely covered the channel area of the -In2Se3 device, which can 150 

exclude from the local stress introduced to ferroelectric thin films by the small spot size 151 

laser.[11,14] After removing the light illumination, the on-currents (as shown in the yellow region 152 

of Figure 2b) retain their amplitude steadily over the time scale (16 s), with just a slight decrease 153 

of the photo-response current under light irradiation, as highlighted in the green region of the 154 

plot. This characteristic bestows the -In2Se3 device with the potential for incident light writing.  155 

Remarkably, the domain configuration (contingent on the initial state and the application 156 

of +4 V or −4 V poling) of the -In2Se3 channel has a large impact on the photo-response current 157 

and subsequent on-current (Figure 2b), resulting in different on/off ratios. For example, with 158 

+4 V poling, the optical switching on/off ratio is only 2.5; but upon −4 V poling, the 159 

corresponding on/off ratio can be as high as 1.6104, comparable with the ±4 V all-electrical 160 

current switching ratio of 2.1104. As for the initial state, the on-current and off-current show 161 

a ratio of 81. The optically switched on-current upon −4 V poling reaches 1.6 nA (pink curve 162 

in the yellow region of Figure 2b), which is applicable for high-speed readout[26]. We find from 163 

Figure 2b that the on-current values at conditions of the initial state and −4 V poling are very 164 

close to the electrically switched current (the current at the first 7 s of the blue line). Hence, we 165 

tentatively hypothesize that this non-volatile photoresponse current arises from the change in 166 

ferroelectric ordering under light irradiation, similar to the principle of electrically controlled 167 

current switching of the -In2Se3 device. Meanwhile, we collected the I-V curves of this device 168 

under light illumination (Figure S7), which exhibit a hysteretic window as well. We 169 
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systematically investigated the enhanced photocurrent after electrically poling the -In2Se3 170 

device in Figure S8 (see Supplementary Note 3 for more details), the results of which suggest 171 

that the ferroelectric semiconductor -In2Se3 is promising for application in high-performance 172 

photodetectors through domain engineering. Additionally, we observed that a positive back-173 

gate voltage can suppress the non-volatile photoresponse while a negative bias enhances it 174 

(Figure S9) because of the back-gate induced ferroelectric domain switching.[25] 175 

Since a larger on/off ratio can be acquired from −4 V poling, as evidenced in Figure 2b, 176 

we used this condition to demonstrate ferroelectric optoelectronic memories. To evaluate the 177 

memory’s writing, erasing, and reading performances, we show the dynamic current responses 178 

by alternately applying two stimuli: optical (white light) and electrical pulses (Figure 2c). As 179 

demonstrated, the readout currents of optical writing and electrical erasing processes are highly 180 

reproducible, a significant sign for optoelectronic memories. The electrical erasing character 181 

distinguishes the persistent current (i.e., on-current) of ferroelectric -In2Se3 from that of 182 

perovskite-structured ferroelectrics (Supplementary Note 4). 183 

During the measurements, we noticed that if a -In2Se3 device had a negligible hysteretic 184 

window in the I-V curves (because the ferroelectricity of the -In2Se3 channel is completely 185 

suppressed by a depolarization field or surface absorbed charges, and thus ferroelectricity is 186 

absent in the device), the pronounced non-volatile photoresponse current disappears (Figure 187 

S10). Taking account of the large hysteretic window and non-volatile on-current in Figures 2a 188 

and 2b, we deduce that the hysteresis in the I-V curves is correlated with the non-volatile 189 

photoresponse current. On the other hand, consistent with our previous work,[25] the change in 190 

ferroelectric ordering leads to the electrical hysteresis. Therefore, we conclude that the polar 191 

ordering variation, rather than other factors, such as charge trapping centers in the hexagonal 192 

-In2Se3 flake, may be closely associated with the observed optical writing behaviors.  193 
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Next, we employed IP PFM measurements to systematically investigate the working 194 

principle of the -In2Se3 ferroelectric optoelectronic memory. Figure 3a shows an atomic force 195 

microscopy (AFM) topographic image of the -In2Se3 device shown in Figure 2 with a channel 196 

thickness of ~50 nm (Figure S11). For analyzing the ferroelectric domain switching under light 197 

illumination, we successively conducted the PFM mapping in a sequence of -4 V poling, light 198 

illumination, and +4 V poling. Upon PFM measurements, negative or positive electrical poling 199 

pulses with an amplitude of 4 V and a duration of 10 s were applied onto the T3 terminal by the 200 

PFM probe to fully align the ferroelectric domains, while T4 was grounded. In response to the 201 

applied −4 V, the ferroelectric domain neighboring T3 is compelled to point toward T3. 202 

Consequently, as shown in Figure 3b, a pronounced ferroelectric domain wall is created like a 203 

straight line across the -In2Se3 channel. We confirmed the reproducibility of this straight wall 204 

by alternately PFM mapping at −4 V and +4 V poling and excluded the impact of other factors, 205 

such as a sudden jump of the AFM tip or a thickness variation of the -In2Se3 channel. We 206 

provide an illustration of the ferroelectric domain wall across the whole channel and the related 207 

domain orientations in the bottom panels of Figure 3b-3d. Note that this tail-to-tail domain wall 208 

separates two differently oriented domains with a rotation angle of 120° (Supplementary Note 209 

5). The wall may be negatively charged[9] because of the accumulation of the ferroelectric 210 

bound charges. In addition, the retention property of the domain configurations (Figure 3b) is 211 

shown in Figure S12, demonstrating the stability of the created wall. Surprisingly, under light 212 

irradiation of 10.4 mW/cm2 for 11 s, the ferroelectric domain wall markedly moves toward T3 213 

(Figure 3c), but still exists across the channel. Meanwhile, Figure 3d shows that a +4 V poling 214 

bias with a duration of ~10 s can entirely erase the ferroelectric domain wall, forcing the channel 215 

polarization to completely orient opposite T3. The whole scenario of the domain wall motion, 216 

visualized by PFM mapping, supports our hypothesis of light-induced polar ordering change 217 

for non-volatile photoresponses in Figure 2. 218 
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To have a better understanding of this domain wall motion, we show the different poling 219 

conditions (−4 V poling, light illumination, and +4 V poling) versus their corresponding 220 

currents in Figure 3e. Before light irradiation the initial curent formed by −4 V poing is around 221 

0.18 pA and the correlated domain wall is presented in Figure 3b. After light irradiation (10.6 222 

mW/cm2), a large on-current of ~93 pA with an estimated on/off ratio of > 102 can arise, which 223 

is accompanied by a small wall shift towards the T3 terminal as shown in Figure 3c. This large 224 

on-current should be inherited from photoresponse current under light illumination in a non-225 

volatile manner as demonstrated in Figure 2. These measured changes in current in Figure 3e, 226 

the domain wall evolution in Figures 3b-3d and the nonvolatilty of domain wall in Figure S12 227 

verify that the afore-mentioned optical-writing and electrical erasing behaviors stem from the 228 

non-volatile ferroelectric domain wall motion in the -In2Se3 channel. Under light illumination, 229 

the domain wall shift and its related bound charge modulation on interfaces barrier of -In2Se3 230 

and Ti/Au, induce the switching between on-current and off-current in Figures 2b. So far, we 231 

can see the ferroelectric domain wall, rather than the domain, is able to store not only electrical 232 

signals but also optical information. It should be noted that this type of ferroelectric domain 233 

wall memory (FDWM) is unprecedented due to the capability of either optical or electrical 234 

information storage. The all-electrical writing and erasing on/off ratio in this work can be as 235 

large as 2.1104 (Figure 2b), which is one order of magnitude enhancement for state-of-the-art 236 

FDWM.[27] 237 

Our experimental results unambiguously reveal that the predominant working principle of 238 

optical writing in the -In2Se3 device is the motion of the light-driven ferroelectric domain wall 239 

in a non-volatile manner. However, the underlying mechanism for why light can stimulate this 240 

wall behavior still remains controversial.[10,11,12,13,14]. Here we argue that the unbalanced 241 

screening effect on the negatively charged domain wall plays a primary role in moving the wall 242 

(Supplementary Note 6), which is akin to the mechanism of electron-beam induced wall 243 
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motion.[28] For stabilizing the -In2Se3 domain wall, the screening of the wall’s negative bound 244 

charges from external or internal compensation charges, such as the intrinsic hole carriers in -245 

In2Se3, is indispensable; otherwise the wall will collapse. Since semiconducting ferroelectric -246 

In2Se3 has an excellent photoelectric effect,[17,18] light illumination on the -In2Se3 device 247 

enables a drastic increase of the photogenerated electrons and holes. As a result, these freely 248 

movable carriers disturb the screening effect (the equilibrium between the positive intrinsic 249 

holes and negative bound charges at the wall in Figure 3b), leading to the domain wall motion 250 

(Figure 3c). In this regard, even a small enhancement of the carrier concentration in the -251 

In2Se3 channel could have a significant impact on the wall shift, giving rise to a large on/off 252 

ratio of 50 at a low power density of 0.36 mW/cm2 (See Figure 4a for more details). 253 

Having established that the -In2Se3 domain wall across the optoelectronic memory 254 

channel can be optically written and electrically erased, we next explored the effect of the power 255 

density and exposure time of the white light on the device on-current (Figures 4a and 4b). We 256 

obtained the on and off current values by averaging the readout dynamic current for 5 seconds 257 

as the light and electrical stimuli terminated, respectively. As we increased the input light power, 258 

either by changing the power density or exposure time, the on-current first increases and then 259 

incrementally reaches a saturation plateau due to the reduced separation efficiency of the 260 

photogenerated electrons and holes, analogous to the change of the photo-response current. The 261 

extracted on/off ratios are shown in the insets of Figures 4a and 4b as well, for which a large 262 

value exceeding 104 can be realized by raising either the power density or exposure time.  263 

Furthermore, we examined other important parameters, such as the endurance and 264 

retention performances of our novel optoelectronic memories. Figure 4c shows the endurance 265 

test by periodically performing optical writing and electrical erasing across the -In2Se3 device 266 

with an interval of 10 cycles. The on/off ratio of 104 can be sustained over 800 cycles. The 267 

retention properties after applying optical and electrical stimuli are shown in Figure 4d. Overall, 268 
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the on and off currents retain a ratio of > 25 over 5000 s. From the logarithmic plot of the time 269 

axis (the inset of Figure 4d), we observe that for the first 30 seconds, both the writing and 270 

erasing currents remain relatively stable, allowing them to be accurately read out with a small 271 

derivation, like the data in Figures 4a and 4b. When exceeding the first 30 seconds, the on and 272 

off currents gradually approach each other, approximating a mirror symmetry, as seen from the 273 

grey dotted line. We ascribe the highly similar changing trends of the writing and erasing 274 

currents to the same reason: domain back switching.  275 

Multilevel current switching for optoelectronic memories can largely enhance the density 276 

of photon storage and help to address a great deal of photon information flow. To demonstrate 277 

this multilevel feature, we measured the dynamic current as a function of repeated light 278 

illumination with a duration time of 0.8 s (Figure 4e). Ten distinct on-current states were 279 

obtained, which is intriguing for photonic synapses and photonic computing applications[29]. In 280 

addition, the direct and narrow bandgap of ferroelectric -In2Se3, as indicated in Figure 1e, 281 

essentially bestows the device with the capability of broad-spectrum photon detection and 282 

storage. Figure 4f exhibits the optically switched on-current with respect to the wavelength 283 

spanning from 400 nm to 900 nm. In the visible light range, the on-current increases with 284 

increasing wavelength. When approaching the broad PL emission peak (810–950 nm) of 65-285 

nm-thick -In2Se3 (Figure 1e), the on-current reaches its maxima and then shows a small 286 

decrease. This observation is because the photoelectric effect of α-In2Se3 incrementally attains 287 

its maxima at around emission peak and there are more photo-generated carrier engaging in 288 

pushing domain wall. The abnormal value at 400 nm likely results from the excellent near-289 

ultraviolet photoelectric effect of -In2Se3. Additionally, the broadband photoresponse of -290 

In2Se3, as shown in Figure 4f, motivated us to demonstrate the ferroelectric photovoltaic effect 291 

for solar energy harvesting in Figure S13, which shows an 80-mV open-circuit voltage after -4 292 

V poling. 293 
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Solid-state synaptic devices (i.e. neuromorphic computing systems) that mimic the 294 

biological neural communications in human brain provide a disruptive technology−parallel 295 

computation−for overcoming energy consumption and time costing issues of todays’ 296 

computing architectures.[30] Photonic synaptic devices are recently demonstrated through 297 

adopting the firing of light spikes,[2,31] rather than the commonly used electrical spikes,[30] to 298 

modulate the strength of synapse plasticity (i.e., device conductance). Their operation process 299 

resembles to the function of retina in human visual system and can lead to the fulfilment of 300 

neuromorphic vision sensors for image recognition and deep learning.  301 

Finally, based on the characters of optical power dependent currents and multilevel current 302 

switching in -In2Se3 ferroelectric optoelectronic memories, we naturally demonstrated the 303 

photonic synapse (see the schematic in Figure 5a) by mean of the emulations of synapse 304 

functions. Since synaptic plasticity essentially has two basic features: short-term plasticity 305 

(STP) and long-term plasticity (LTP), we emulated both of them, and their transition in Figure 306 

5b under light stimuli (0.5 s in width) at different intensities. A relatively weak light, such as 307 

9.5 mW/cm2, produces less photo-generated carriers and consequently weak disturbing effect 308 

on the screening of ferroelectric domain wall charges in -In2Se3 channel. Hence, the motion 309 

of domain wall and the corresponding on/off ratio are small, allowing us to emulate the STP. 310 

Under a large power density (85.6 mW/cm2) the photo-generated carriers drastically increase, 311 

giving rise to a more remarkable motion of the domain wall and a higher on/off ratio, which 312 

facilitates the imitation of LTP. By the firing of light pulse trains with different power densities, 313 

the transition process between STP and LTP can be also demonstrated (Figure 5c). The paired 314 

pulse facilitation is a well-known phenomenon of the STP, which we have emulated in Figure 315 

5d. Additionally, the optical potentiation and electrical depression are realized as well (Figure 316 

5e). The conductance change with respect to the spike firing, particularly the light stimuli, 317 

approximately presents an ideal linear weight update of synaptic devices.  318 
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3. Conclusion 319 

In conclusion, we have demonstrated a novel operation principle for optoelectronic 320 

memory that is based on light-enabled ferroelectric domain wall motion in a non-volatile 321 

manner. We propose that the disturbed screening to the domain wall charges is a prominent 322 

reason for the domain wall motion upon light irradiation. The prototypical device features a 323 

simple device architecture, a high writing/erasing current ratio (>104), an ultralow off-current 324 

below 10-13 A, and broad-spectrum light information storage. Furthermore, synapse functions 325 

upon the firing of light spikes are also emulated at the device level. This work paves a way to 326 

develop optical logic processing, data encryption, and neuromorphic vision systems based on 327 

low-dimensional ferroelectric materials. To achieve these prospective applications, preparing 328 

large-size building block, i.e., wafer-scale high-quality α-In2Se3 crystal, is extremely critical 329 

but challenging. In this respect  the synthesis strategies such as chemical vapor deposition and 330 

molecular beam epitaxy are anticipated to make a breakthrough. 331 

4. Experimental Section 332 

Device fabrication and measurements: The bulk -In2Se3 crystal was purchased from 2D 333 

Semiconductors, Inc. and the common scotch tape method was employed to cleave flakes from 334 

the bulk crystal for experimental use. Metal electrodes with Ti/Au thicknesses of 10/70 nm 335 

were successively defined by E-beam lithography on polymethyl methacrylate and deposited 336 

by E-beam evaporation. PL and Raman measurements were conducted on WITec alpha 300 337 

with a 532-nm laser at a relatively low power density to prevent sample damage. All electrical 338 

characterization was performed on a probe station at ambient conditions using a Keithley 4200. 339 

The voltage sweep was carried out under a quite mode. A halogen lamp (QSL1-EC, Thorlabs) 340 

served as the white light source, whose power density was measured by a CEL-FZ-A 341 

photometer. As for the wavelength dependence of the on-current, a commercial solar cell 342 

measurement system (Enlitech QE-R) was used to provide the excitation light. PFM 343 

measurements were conducted on a commercial MFP-3D system using 2 N/m probes 344 
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(AC240TM-R3) and the dual AC resonance mode. For illuminating the -In2Se3 device during 345 

PFM tip scanning, the white light source was provided by a home-built light with a maximum 346 

intensity of 10.6 mW/cm2. The probe scan was fixed at ~1.3 Hz with a resolution of 512512.  347 

Supporting Information  348 

Supporting Information is available from the Wiley Online Library or from the author. 349 
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Figure 1. Ferroelectric domains and optical properties of -In2Se3 flakes. (a) Schematic 464 

crystal structures of ferroelectric -In2Se3. The asymmetry between the central Se atom plane 465 

(dashed grey lines) and its two adjacent In atom planes results in electric dipoles at different 466 

directions, which are highlighted by the red arrows. Note that the yellow and blue balls denote 467 

Se and In atoms, respectively. (b) AFM topographical image of three typical -In2Se3 flakes on 468 

a conductive substrate. Scale bar: 2 m. The corresponding out-of-plane PFM (c) amplitude 469 

and (d) phase mapping. The orientations of the ferroelectric polarization pointing inwards and 470 

outwards are indicated by “ ” and “ ,” respectively. The ferroelectric domain walls are 471 

marked by the dashed red curves in (c) and (d) while the lines indicated by the red arrows 472 

represents the sample height variation. (e) Evolution of the PL spectra for multilayer -In2Se3 473 

flakes with various thicknesses. The different spectra, from the bottom green to the top orange 474 

curve, correspond to the thicknesses of 800.4, 85.1, 65.2, 49.7, 40.1, 26.8 nm, respectively. 475 

Change in the position of the prominent peak A emission is marked by a black dashed arrow 476 

while its adjacent weaker peaks are labeled by the grey dashed lines. (f) Thickness dependent 477 

optical bandgap (Peak A) of multilayer -In2Se3. The data is fitted with the Boltzmann function. 478 
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Figure 2 | Dynamic current responses of the -In2Se3 device with white light illumination. 485 

(a) I-V curves with various maximum-voltage sweeps under the dark condition. An optical 486 

image of a typical device consisting of four electrodes is shown in the inset (T3 and T4 were 487 

actually used for device characterization, marked by dashed white lines). The current switching 488 

directions are shown by the black arrows. Note that the asymmetric current switching is 489 

possibly induced by interfacial charges and contact areas of the T3 and T4 terminals. Scale bar: 490 

5 m. (b) Non-volatile photo-responses read at +0.3 V with respect to different conditions (the 491 

initial state and after -4 V poling and +4 V poling). The green region shows current responses 492 

under exposure to white light and the yellow region depicts the non-volatile photoresponse (on-493 

current). Light intensity: 110.6 mW/cm2. Duration time for electric-field poling: ~5 s. (c) 494 

Dynamic current responses with alternating optical writing and electrical erasure. The upper 495 

panel shows the scheme of the light/electrical pulses and read bias used. The current value of 496 

the pink region in the plot represents the “off state,” while that from the yellow region indicates 497 

the non-volatile “on state.” The duration times of the white light and electrical pulses were fixed 498 

at ~11 s and ~5 s, respectively. 499 

 500 

 501 

 502 
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 504 
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Figure 3 | Investigation of the device working principle: light-enabled ferroelectric 506 

domain-wall motion. (a) AFM image of the optoelectronic memory device composed of the 507 

-In2Se3 channel and the T3 and T4 terminals, as shown in Figure 2. Upon PFM scanning, the 508 

poling pulse was applied onto T3 and T4 remained grounded. Scale bar: 1 m. In-plane PFM 509 

mapping was successively acquired after (b) −4 V poling, (c) light illumination, and (d) +4 V 510 

poling. The upper and middle panels in b-d present the amplitude and phase mappings, 511 

respectively, while the lower panels illustrate the polarization and domain wall changes in the 512 

-In2Se3 channel. The black dashed lines represent the created domain wall. The duration for 513 

all electrical poling was ~5 s. The white light, with a power density of 10.4 mW/cm2 and a 514 

duration of ~11 s, was applied before scanning the channel area, allowing us to capture the on-515 

current domain configuration. For the PFM measurements in c and d, the initial state was reset 516 

by −4 V poling. (e) Current values associated with different domain configurations in b, c, and 517 

d. After excitation of light or electrical pulses, the corresponding current values were obtained.  518 
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Figure 4 | Performance characterization of the optoelectronic memory. (a) The on-current 531 

as a function of the light power density (0.36–110.6 mW/cm2). The corresponding on/off ratios 532 

are shown in the inset. Before each measurement in a-c and f, the device was electrically 533 

switched to the off state by -4 V for 5 s. The exposure time was 11 s. (b) The on-current with 534 

respect to exposure time under different power densities, including 110.6 mW/cm2 (green), 19.5 535 

mW/cm2 (blue), and 2.3 mW/cm2 (red). The corresponding on/off ratios are plotted in the inset. 536 

The on-currents in a and b are fitted with cubic functions. (c) Endurance test with periodic light 537 

writing and electrical erasing. One cycle consists of a writing process and an erasing process. 538 

(d) Retention property of the device. The inset shows the same data plotted on a logarithmic 539 

horizontal axis. Note that in c and d the intensity and duration for light illumination are about 540 

110.6 mW/cm2 and 11 s respectively while the amplitude and duration for electrical poling are 541 

-4 V and 5 s. (e) Light-controlled multilevel current switching for a separate -In2Se3 device. 542 

The duration and power density for each light pulse were fixed at ~0.8 s and 2.3 mW/cm2. (f) 543 

Wavelength dependent on-current. The on-current at each wavelength was divided by its power 544 

density. Read bias in a-f: +0.3 V. 545 

   546 
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Figure 5 | Demonstration of photonic synapse using the -In2Se3 optoelectronic memory. 547 

(a) Schematic illustration of a biologic synapse with optical spikes. (b) Time resolved currents 548 

in responses to light firing with different power densities, but a fixed duration of 0.5 s. The 549 

transition from STP to LTP is labeled by the grey arrow. (c) Current responses fired by light 550 

pulse trains under different power densities (85.6, 6.2, and 0.4 mW/cm2). The inset shows the 551 

logarithmic plot of current. (d) Emulation of PPF effect using two identical light pulses with 552 

various pulse intervals. Optical pulses in c and d: ~0.5 s in width. (e) Optical potentiation (PO) 553 

and electrical depression (DE). The linear relationship between current and pulse number is 554 

highlighted by the grey lines. Optical pulses: ~0.5 s in width and 85.6 mW/cm2 in power 555 

density; electrical pulses: 0.1 s in width and -4 V in amplitude. Read bias in b-e: +0.3 V. Before 556 

each measurement in b-d the device was initilzed and poled to a low current state by -4 V for 5 557 

s. 558 
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 575 

Optically enginerred ferroelectric domain wall in a van der Waals ferroelectric is 576 

demonstrated for optoelectronic memory application. The device exhibits a large optical-577 

writing and electrical-erasing (on/off) ratio of > 104, as well as multilevel current switching 578 

upon optical excitation. The optical-writing wavelength can be greater than 900 nm. Photonic 579 

synapses with approximate linear weight updates for neuromorphic computing are also 580 

achieved in such devices. 581 
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Supplementary Note 1 | Polar ordering in ferroelectric -In2Se3 659 

According to the theoretical results1, the simultaneous reversal of out-of-plane (OOP) and 660 

in-plane (IP) polarization in -In2Se3 originates from the shift of the central Se atom layer (there 661 

are five atom layers for monolayer -In2Se3: Se-In-Se-In-Se). Using a multiterminal memristor 662 

configuration, we have demonstrated that an OOP poling bias can lead to IP resistance 663 

switching, and an IP poling bias can switch the OOP resistance2. Second-harmonic generation 664 

results3 have confirmed the three-fold symmetry of IP polar ordering, like three petals with a 665 

120° rotation angle. Combined with structural analysis in Figure 1a, we propose that the polar 666 

ordering should follow the [001] OOP direction and [210], [1̅10], and [1̅2̅0] IP directions. 667 

Supplementary Note 2 | Modeling the memristor 668 

Two types of ferroelectric domains orientating toward different directions across the α-669 

In2Se3 channel coexist, which we confirmed by the PFM characterization in Figure 3. The entire 670 

resistance (R) of the two terminal memristor can be defined as 671 

                            
1

𝑅
=

𝑠

𝑅𝑜𝑛
+

1−𝑠

𝑅𝑜𝑓𝑓
                (1) 672 

in which Ron and Roff represent the low resistance state for which the domain configuration is 673 

like that in Figure 3b and the high resistance state for which the domain configuration is like 674 

that in Figure 3d, respectively, 𝑠 dictates the fraction of channel domain pointing toward T3. It 675 

is observed from Equation (1) that the domain switching dynamic predominates the resistance 676 

switching in α-In2Se3 channel. 677 

Generally, there are two prevailing models describing the dynamics of domain switching4,5. 678 

One is the Kolmogorov-Avrami-Ishibashi (KAI) model, which describes that the switching 679 

process is mainly controlled by the domain propagation, while the other is the Nucleation-680 

limited-switching model referring to the nucleation-dominated switching process. Based on our 681 

observations in Figure 3, we used the KAI model to simulate the electrical curves of the α-682 

In2Se3 memristor. 683 

To simplify the KAI model, we suppose that the α-In2Se3 is ruled by a single KAI model-684 

dominated area, inside which all nucleation sites have the same nucleation time (τN) and 685 

propagation time (τP). Both of the τN and τP follow the Merz’s law and are intrinsically 686 

contingent on the applied voltage4. According to these assumptions, the fraction of switched 687 

domain (s) can be described by 688 

       𝜏𝑁,𝑃(𝑉) = 𝜏𝑁0,𝑃0 × exp (
𝐸𝑁𝑎,𝑃𝑎

𝐸
) = 𝜏𝑁0,𝑃0 × exp (

𝑈𝑁,𝑃

𝐾𝐵𝑇
×

𝐸0

𝑉
× 𝑑)   (2) 689 

                              s = ℎ(t − 𝜏𝑁) × {1 − exp [− (
𝑡−𝜏𝑁

𝜏𝑃
)

2
]}                 (3) 690 
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in which 
𝐸𝑁𝑎,𝑃𝑎

𝐸
=

𝑈𝑁,𝑃

𝐾𝐵𝑇
× 𝐸0 is the activation field, h(t) is the Heaviside step function, d dictates 691 

the channel length, and 𝜏𝑁0,𝑃0 is the initial value. 692 

Combining the previous memristor model6 with aforementioned KAI model, our α-In2Se3 693 

ferroelectric memristors can be simulated as follows 694 

              V(t)=R(s, V) × I(t) =
1

𝑠/𝑅𝑜𝑛+(1−𝑠)/𝑅𝑜𝑓𝑓
×I(t)            (4) 695 

  
𝜕𝑠

𝜕𝑡
=(1-s)×

2

𝜏𝑃
× √𝐼𝑛(

1

1−𝑠
)            (5) 696 

in which V(t) and I(t) refer to the input voltage and output current, respectively, and both of 697 

them are associated with time. 698 

The Ron and Roff can be read from the electrical curves of α-In2Se3 ferroelectric memristors, 699 

which follow with 700 

               𝐼 = B𝐴∗∗𝑇2 × exp (−
∅𝑟

𝑘𝑇
) × exp (

𝑞√𝑞𝜉/4𝜋𝑘𝑠

𝑘𝑇
)        (6)   701 

                   ξ = √
2𝑞𝑁𝐷

𝑘𝑠
(𝑉 + 𝑉𝑏𝑖 −

𝑘𝑇

𝑞
)                                (7) 702 

where B is the area of Schottky barrier, 𝐴∗∗  is the effective Richardson constant, 𝑘  is the 703 

Boltzmann constant,  ∅𝑟  depicts the reverse-biased barrier,  𝑁𝐷  refers to the donor impurity 704 

density, 𝑉𝑏𝑖 is the built-in potential at the barrier, and 𝑘𝑠 represents the permittivity. 705 

The simulated IV curves from this KIA model based memristor function (Equations 4 and 706 

5) fit well with our experimental results (Figure S5), which firmly suggests that the ferroelectric 707 

propagation (domain wall motion) is responsible for the carrier transport across the α-In2Se3 708 

channel. 709 

Supplementary Note 3 | Enhanced photocurrent by poling the ferroelectric -In2Se3 device 710 

We also demonstrate that ferroelectric domain engineering by the applied electrical field 711 

can largely enhance the photocurrent/photoresponsivity of the ferroelectric -In2Se3 device 712 

(Figure S8). The device configuration follows that in Figure 2a (main text). Figure S8a shows 713 

typical electrical curves with pronounced hysteresis for the device. After poling by −5 V or +5 714 

V, the device can be switched to a high-resistance state or low-resistance state respectively, as 715 

shown by the yellow and green readout current curves in Figure S8b. Note that the initial 716 

resistance state resembles that after +5 V poling. When applying light illumination with a power 717 

density of 110.6 mW/cm2, the readout photoresponse currents show little difference for the 718 

initial state, −5 V poling, and +5 V poling. The extracted on/off ratios (photoresponse 719 

current/dark current) of this -In2Se3 device are shown in Figure S8c, demonstrating an 720 
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enhanced on/off ratio upon −5 V poling. Figures S8b and S8c suggests the domain configuration 721 

upon −5 V poling contributes to the improved device photocurrent and photoresponsivity 722 

compared to the initial state. Additionally, we tested the stability of the enhancement effect for 723 

40 cycles (Figure S8d). 724 

Supplementary Note 4 | Clarification of the persistent photoconductivity in perovskite 725 

ferroelectrics 726 

It is reported that persistent photoconductivity is a common phenomenon for perovskite-727 

structured ferroelectrics7,8. After exposure to light or even X-rays, a colossal increase of 728 

conductivity that exceeds 5 orders of magnitude can be achieved. However, it has been 729 

explicitly demonstrated that only thermal treatment in dark conditions can entirely erase the 730 

persistent photoconductivity, making these ferroelectrics challenging to construct 731 

optoelectronic memory with optical writing and rapid electrical erasing. As previously 732 

proposed7,8, the mechanism of persistent photoconductivity in perovskite ferroelectrics is 733 

essentially associated with charge trapping and thermal emptying. The -In2Se3 devices shown 734 

in the main text have an electrically erasing feature, which is different from the thermal erasing 735 

observed in perovskite ferroelectrics7,8. 736 

As for our fabricated -In2Se3 devices, some of them show the absence of hysteresis in 737 

their electrical curves (Figure S10), which originates from the suppressed or screened 738 

ferroelectricity in the -In2Se3 channel due to the existence of a depolarization field and 739 

absorbed molecules across the surface of -In2Se3. The observed disappearance of the 740 

hysteretic behavior also coincides with our findings of PFM ferroelectric characterization: some 741 

-In2Se3 flakes exhibit remarkable butterfly hysteresis loops, while others give paraelectric 742 

loops without any hysteresis. Additionally, -In2Se3 devices without resistance switching 743 

present a volatile photoresponse, the current of which can rapidly vanish after the termination 744 

of light (Figure S10), rather than a non-volatile photoresponse as shown in Figure 2b. Thus, we 745 

conclude that the charge-trapping-related persistent photoconductivity effect in perovskite-746 

structured ferroelectrics can be excluded for our hexagonal -In2Se3, otherwise devices without 747 

hysteretic electrical curves (Figure S10a) should also show a non-volatile photoresponse. 748 

Supplementary Note 5 | Charged domain wall in Ferroelectric -In2Se3 crystal. 749 

    For the -In2Se3 device in Figure 4a, a −4 V poling bias applied onto T3 can fully switch the 750 

adjacent domain to point toward T3, while a +4 V poling bias makes the domain orient against 751 

T3. During PFM measurement, the PFM probe always scans back and forth along the horizontal 752 
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direction, as the black dashed line shows. According to the angle-dependent PFM amplitude 753 

(Figure S3) and IP polar ordering of -In2Se3, the IP PFM amplitude exhibits a relatively 754 

stronger positive response when the scanning angle is 90°, while it shows a weaker response as 755 

the scanning angle is 0°. This result is also in agreement with previous work9. However, the IP 756 

PFM amplitude mapping in Figures 3b-3c show a strong response at the region adjacent to T4 757 

and no obvious response at the region adjacent to T3. On the other hand, as described in 758 

Supplementary Note 1, the IP asymmetry of -In2Se3 should follow the directions of [210], 759 

[1̅10], and [1̅2̅0] with a rotation angle of 120°. Therefore, we conclude that the ferroelectric 760 

domains are possibly aligned like the blue arrows shown in the bottom panels of Figures 3b-3d, 761 

with a tail-to-tail configuration. The two polarization directions are in an angle of 120°. As 762 

previously reported10, a tail-to-tail domain wall should be negatively charged. 763 

Supplementary Note 6 | The mechanism of light-enabled ferroelectric domain wall motion 764 

The flexoelectric effect, thermal effect, and photovoltaic effect in ferroelectrics have been 765 

successively proposed for explaining domain wall motion under light illumination11-13. In this 766 

section, we discuss the possible mechanism responsible for the wall shift across the -In2Se3 767 

channel. First, for our optoelectronic measurements, the spot size of the white light source was 768 

over 1 cm2, ensuring that it can fully cover the -In2Se3 device, making it impossible to render 769 

a local large strain gradient required for the flexoelectric effect. Second, our previous progress2 770 

has reported that raising the measurement temperature over 100 ℃ can largely suppress the 771 

hysteresis of the electrical curves, causing them to even vanish completely. However, Figure 772 

S10 shows that the disappearance of hysteresis gives rise to the absence of the optical writing 773 

effect. Hence, the photo-thermal effect, in a way similar to raise the material’s temperature, can 774 

largely suppress the optical writing effect. As a result, the domain motion under light irradiation 775 

cannot possibly be governed by the photo-thermal effect. Third, the enhanced photovoltaic 776 

effect in -In2Se3 can also be discarded because the generated short-circuit voltage is very small 777 

(< 0.1 V; Figure S13) and not capable of toggling the ferroelectric domain.  778 

 It is reported that ferroelectric domain walls are usually movable and could be viewed as a 779 

moveable filament embedded into the domains10. Free carriers can effectively screen the bound 780 

charges at the ferroelectric domain wall and further contribute to stabilizing the wall, otherwise 781 

the electric field of the bound charges will make the related ferroelectric domain and 782 

ferroelectricity collapse. Upon light irradiation, the current across the -In2Se3 device 783 

remarkably increases, resulting from an increase of photo-generated free carriers, including 784 

electrons. These photogenerated electrons, especially created in the domain wall regions, can 785 
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neutralize the holes that screen negatively bound charges over the -In2Se3 domain wall. 786 

Consequently, the equilibrium between the charged ferroelectric domain wall and its screening 787 

holes is in an unbalanced state and could evolve to a new equilibrium state, leading to the 788 

domain movement (as shown in Figures 3b and 3c). Driven by a read electrical field, a great 789 

deal of electrons may drift across the ferroelectric domain wall, largely enhancing the impact 790 

of photogenerated electrons on the screening effect. 791 

 Strictly speaking, the above descriptions of the interaction between light and the 792 

ferroelectric domain wall are restricted to a short-term time scale. For instance, the first 30 793 

seconds after light illumination terminates, as shown in Figure 4d. In the case of a long-term 794 

time scale, such as 5000 seconds in Figure 4d, the ferroelectric domain wall, temporarily 795 

stabilized by the intricate interplay of the photo-generated carriers, screening charges, and 796 

bounds charges, could gradually relax and move due to domain-wall back switching. Thereby, 797 

we can see the optically switched on-current exhibits a decreasing trend (Figure 4d). 798 
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                  813 
Figure S1. Typical Raman spectrum of an -In2Se3 flake. The observed five peaks are located 814 

at 25.6 cm-1, 88.9 cm-1, 103 cm-1, 179 cm-1, and 192 cm-1. Due to the existence of peak “2”, 815 

the -In2Se3 we used in this work should be assigned to the hexagonal structure3. 816 
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 843 
Figure S2. Ferroelectric characterization. (a) AFM topographic image of three -In2Se3 844 

flakes. Scale bar: 2 μm. The corresponding IP PFM (b) amplitude and (c) phase mapping with 845 

a +0.5 V AC bias applied on the probe. (d) The enlarged AFM image after bias writing on the 846 

-In2Se3 surface. PFM (e) amplitude and (f) phase mapping with DC bias writing into the 847 

square. DC bias: +7 V. The height profiles (g and h) derived from the dashed white lines in 848 

(a). 849 
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  854 
Figure S3. Scanning-angle-dependent IP PFM amplitude mapping. The movement direction 855 

of the AFM cantilever is indicated by the black arrow at the top of the figure, while the 856 

sample movement direction is shown by the red arrows in a and b. The corresponding 857 

scanning angles are shown at the bottom of a and b, in which we find that different scanning 858 

angles can produce different responses of the IP PFM amplitude. This phenomenon is caused 859 

by the in-plane polar ordering with three-fold symmetry, which is consistent with previous 860 

work9. Scale bar: 1 μm. 861 
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 888 
Figure S4. Evolution of the PL spectra at different -In2Se3 thicknesses. The background PL 889 

spectra from the Au substrate is shown by the blue curve in the first plot. The small peak 890 

located around 720 nm is introduced by the Au substrate, which is particularly notable for the 891 

14.7 nm and 19.7 nm thick samples. To prevent the damage of -In2Se3, we used a smaller 892 

laser power density for the 14.7 and 19.4 nm samples. 893 
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 909 
Figure S5. Comparison of the simulated IV curves from the KIA model based memristor 910 

functions, and the experimental IV curves. The well-fitting result validates that the underlying 911 

mechanism of the IV curves is dominated by the propagation of ferroelectric domains in -912 

In2Se3 channel. Note that the experimental data is extracted from Figure 2a under 4 V voltage 913 

sweep. 914 
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 935 
Figure S6. Long-term stability of the I-V curves and the device transfer I-Vg curves. (a) The 936 

reproducibility of the electrical curves in Figure 2a. After the device was kept at ambient 937 

conditions for one month, the corresponding I-V curves still demonstrate a large hysteric 938 

window. (b) The source-drain current switching induced by the back gate. The switching 939 

directions are labeled by the black arrows. The large hysteretic window verifies that the gate 940 

voltage can also be used to switch the resistance state like the source-drain bias. 941 
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 963 
Figure S7. (a) I-V curves under light illumination and dark conditions. Although white light 964 

with a power density of 110.6 mW/cm2 and a duration of 11 s can result in the domain wall 965 

motion, it still does not fully reverse the domain compared to the electrical poling route, 966 

which can be evidenced from the larger electrically switched current in Figure 2b. Hence, 967 

upon light shining on the device, the current switching (hysteretic window) still exists as 968 

shown in (a). The enlarged hysteretic window at the negative voltage-sweep range and 969 

shrunken hysteretic window at the positive sweep range are attributed to the modulation of 970 

ferroelectric bound charges on the Schottky barrier at the metal and semiconductor interface 971 

under light irradiation. Power density: 110.6 mW/cm2. (b) Photoresponse time derived from 972 

Figure 2b. The response time of the -In2Se3 device is ~0.3 s. 973 
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 975 
Figure S8. Enhanced photocurrents by electrically poling the -In2Se3 device. (a) The I-V 976 

curves of an -In2Se3 device under dark conditions. (b) Readout currents under different 977 

conditions (see Supplementary Note 2 for details). (c) On/off ratios extracted from (b). The 978 

“on” represents the current under light irradiation and the “off” indicates the dark current. (d) 979 

The stability test of the on/off ratio after electrically poling the -In2Se3 device for 40 cycles. 980 

(e) Readout currents with respect to various light power densities. Before each measurement, 981 

the device was switched to the low current state using −5 V. Note the light source is white 982 

light generated by a halogen lamp. 983 
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 984 
Figure S9. Influence of the gate voltage on the non-volatile photo-response. (a) A typical 985 

transfer curve for a -In2Se3 device. (b) Non-volatile photo-responses with respect to various 986 

gate voltages. The data was obtained in the sequence of 0 V, −40 V, −20 V, 20 V, 40 V, 20 V, 987 

and −20 V gate voltages. (c) Optical writing and electrical erasing ratio as a function of the 988 

gate voltage. The data is derived from the black dashed lines in (b). The non-volatile 989 

photoresponse current here arises from the presence of photoresponse, and the light-induced 990 

ferroelectric domain wall motion in α-In2Se3. Given that the intensity and duration time of 991 

illumination light were fixed, the photoresponse and optically switched ferroelectric domains 992 

across α-In2Se3 channel should be constant, which can be considered unchanged persistent 993 

photocunductance.  However, when varying gate biases the ferroelectric domains can be 994 

accordingly flipped, which in turn impacts the non-volatile feature of photoresponse current. 995 

In this regard, the gate-bias dependent persistent photoconductance of intrinsic α-In2Se3 996 

happens. 997 
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 1009 
Figure S10. (a) I-V curves of a typical -In2Se3 device with a negligible hysteretic window 1010 

under dark and light conditions. (b) Time-resolved photo-responses upon +4 V and −4 V 1011 

poling. We observed the non-volatile photo-response current is not remarkable for a -In2Se3 1012 

device without hysteresis in its electrical curves (Figure S10a). The read bias was −0.3 V. 1013 
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                   1042 
Figure S11. Channel height profile for the device used in Figure 4. The sample thickness was 1043 

~50 nm. 1044 
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 1079 
Figure S12. Retention property of the domain configuration. (a) IP PFM phase mapping 1080 

acquired with a 4-minute delay after applying a -4 V poling bias onto the T3 terminal for the 1081 

device shown in Figure 4. For comparison, the phase images reproduced from Figures 4b and 1082 

4c are also shown in (b) and (c). After termination of the −4 V poling, the PFM phase 1083 

mapping captured at a 4-minute delay (a) shows an explicit domain configuration highly 1084 

resembling that obtained immediately (b). Scale bar: 1 m. 1085 
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 1113 
Figure S13. The ferroelectric photovoltaic effect in the -In2Se3 device. The maximum open-1114 

circuit voltage of ~80 mV is obtained with -4 V poling. It is reported that the relative angle 1115 

between the domain wall and metal electrodes has a large impact on the ferroelectric 1116 

photovoltaic effect14. If the metal electrodes are perpendicular to the domain wall, there will 1117 

be a small or negligible photovoltaic effect. Hence, in future work, by carefully controlling 1118 

this angle, we may be able to improve the performance of -In2Se3 ferroelectric photovoltaic 1119 

cells. 1120 
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