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Abstract Big data intensifies challenges in power efficiency and communication bandwidth. Neuromorphic computing based on emerg-

ing devices with intrinsic information processing capabilities enables energy-efficient, high-speed artificial neural networks, playing a

crucial role in addressing limitations of traditional von Neumann architectures and attracting widespread attention. As a Mott material,

VO2 is pivotal for next-gen neuromorphic devices, with its near-room-temperature metal-insulator transition and resistance-switching

properties. Here, we demonstrate that a fully light-modulated artificial synapse fabricated from single-crystalline VO2 film could exhibit

precisely tunable temporal dynamics and support biologically relevant synaptic plasticity, mimicking key adaptive behaviors of biolog-

ical synapses. Based on this synapse, a three-layer artificial neural network architecture was implemented, where VO2 photo-synapses

functioned as image pre-processors to compress redundant visual information. Specifically, a 4×4 pixel image was condensed into a

4×1 vector, reducing computational load while maintaining high performance. This study highlights VO2 photo-synapses’ potential for

advanced neuromorphic computing and intelligent vision systems.
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1 Introduction

The rapid development of artificial intelligence (AI) has rendered information processing efficiency increasingly
critical [1–7]. Traditional computing architectures, constrained by the von Neumann bottleneck, often suffer from
data transmission delays and high energy consumption when handling large datasets and complex tasks [8–17]. In
contrast, biological nervous systems, particularly the human visual system, exhibit exceptional efficiency [6,18]. The
human eye can swiftly detect light changes, convert optical signals into neural electrical impulses, and then execute
parallel processing and rapid decision-making through neural networks, providing an energy-efficient model for new
computing technologies [19–21]. Mimicking such biological computing paradigms, especially in visual processing,
has thus become key to enhancing AI performance [22–25]. Utilizing optical signals can overcome speed and
energy limitations of traditional electronics, offering new possibilities for creating efficient, low-power computing
systems [26–28]. Recent years have seen new devices replicating biological information processing and perception,
with neuromorphic devices standing out for high-speed processing, low-power computing, and high-bandwidth
transmission [29–33]. These have gone beyond basic sensing and pre-processing tasks to encompass more complex
applications, such as neuromorphic computing [34,35], visual information processing [36], image classification [37,38],
and pattern matching [39]. Yet challenges persist, as reliance on task-specific optical control models and training
methods limits their ability to perform multi-task processing and adapt to diverse applications [6]. This underscores
a growing need for all-optical controlled neuromorphic devices, capable of multi-task visual processing and mimicking
the human visual system to overcome complex real-time visual computing challenges [6, 40].

As a cutting-edge field in neuromorphic computing, all-optical controlled neuromorphic devices possess unique
advantages [6]. Optical signals exhibit high speed, wide bandwidth, and low crosstalk; leveraging optical control
to regulate these devices can overcome the speed and energy limitations of traditional electronics [41,42]. Through
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optoelectronic interactions, such devices can directly sense, process, and store optical signals while simulating
neuronal dynamics and synaptic plasticity in biological nervous systems, paving the way for more intelligent, efficient
computing [43]. Liu et al. reported an optoelectronic synapse with rich chemical tunability based on a p-AlGaN/n-
GaN semiconductor nanowire photoelectrochemical architecture [44]. Gao et al. proposed a versatile vision sensor
based on GaN/AlN ultrathin quantum-disks-in-nanowires (QD-NWs) with reconfigurable photoelectric properties
to mimic biological visual behaviors [45]. VO2 is a typical transition metal oxide that exhibits a reversible metal-
insulator phase transition (MIT) close to room temperature, making it a key material for the development of
novel neuromorphic computing devices [46–49]. It adopts distinct crystal structures under varying conditions:
monoclinic VO2 (M1) stable at room temperature and rutile VO2 (R) stable at elevated temperatures, with the
MIT occurring at approximately 68◦C [46, 50]. This transition induces changes in both the crystal structure and
band structure, alongside abrupt variations of 4–5 orders of magnitude in resistivity and near-unity shifts in infrared
transmittance [48]. Notably, this transition exhibits hysteresis while retaining its reversibility [46,48]. Besides, VO2

exhibits strong infrared absorption and efficient photothermal conversion, enabling the efficient conversion of optical
energy into localized heat [51]. This ensures sensitive synaptic responses even under low optical power, addressing
the high energy consumption bottleneck of traditional optical synapses.

In this work, we report a simple, fully light-modulated artificial synapse based on high-quality single-crystalline
VO2 film, which exhibits controllable temporal dynamics under both 808 and 1550 nm illumination and enables
synaptic plasticity. Multiscale characterization confirmed the high crystalline quality and excellent uniformity of the
VO2 film. Building on this, we implemented a three-layer artificial neural network architecture, using VO2 photo-
synapses as image pre-processors to realize information compression capability. A 4×4 pixel image was compressed
into a 4×1 vector, achieving 96% image recognition accuracy after 28 training epochs. This work demonstrates the
potential of VO2 photo-synapses for neuromorphic computation and intelligent vision systems.

2 Experimental section

Film growth and characterizations: Single-crystalline VO2 films were grown on c-plane sapphire substrates using
magnetron sputtering, with a base vacuum pressure below 1×10−7 Torr. During growth, the substrate temperature
was set to 500◦C, sputtering power to 100 W, and argon-oxygen flow ratio to 10:1, while the chamber pressure
was maintained at 3 mTorr. Surface morphology of VO2 films was characterized using OM (Olympus BX51M) and
SEM (Zeiss Sigma 300). Crystal structure and composition were analyzed via XRD (Thermo Scientific ESCALAB
250Xi), Raman spectroscopy (Horiba equipped with a 532 nm excitation laser), and HAADF-STEM (JEM-NEOAR)
equipped with EDS. XPS was conducted using an ESCALAB 250Xi.

Device fabrication and measurements: Electrode patterns were defined by UV lithography (TuoTuo Technology),
followed by thermal evaporation of Cr/Au (10/50 nm) electrodes. For fabricating 2-inch device arrays, Ar/CF4 RIE
was employed to pattern the epitaxial VO2 film into a 12 µm×25 µm microplate array, with photoresist as a mask.
Source and drain regions were defined using UV photolithography, followed by thermal evaporation of 5/50 nm
Cr/Au to form the source and drain electrodes. Electrical and optoelectronic measurements were performed using a
probe station (Lakeshore, TTP4) equipped with a vacuum pump and liquid-nitrogen cooling system. Electrical pa-
rameters were analyzed with a B1500 semiconductor parameter analyzer. All device measurements were conducted
under high vacuum (∼10−6 Torr) to avoid interference from air.

3 Results and discussions

Figure 1(a) shows the scanning electron microscopy (SEM) image and photograph of a 4-inch VO2 film grown on
the c-plane sapphire substrate, revealing a smooth surface morphology. The corresponding energy-dispersive X-ray
spectroscopy (EDS) maps confirm the homogeneous distribution of V and O across the film (Figure 1(b)). X-ray
photoelectron spectroscopy (XPS) was utilized to further characterize the film’s chemical state. As shown in Figure
S1, the V 2p3/2 doublet peaks at 515.3 and 516.2 eV are assigned to V3+ and V4+ states, respectively, while the O
1s peak at 530.0 eV corresponds to V-O bonds. Ultraviolet-visible (UV-Vis) absorption spectroscopy was conducted
to determine the optical properties of VO2 (Figure S2(a)). The corresponding Tauc plots indicate a bandgap of
0.65 eV for VO2 (Figure S2(b)). X-ray diffraction (XRD) was performed to clarify the crystalline structure. The
results (Figure 1(c)) show, aside from the sapphire (006) peak, only the monoclinic VO2 (M-VO2) phase (020)
peak at 39.8◦, confirming the film’s high purity and superior crystallographic quality with no impurity phases or
misorientations.
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Figure 1 (Color online) Multiscale characterization of single-crystalline VO2 film. (a) SEM image of VO2 film on the c-plane sapphire

substrate. Inset, photograph of a 4-inch VO2 film. (b) The corresponding EDS images of the VO2 film. (c) XRD pattern of the epitaxial VO2

film on c-plane sapphire substrate. (d) Crystal structure diagrams of VO2. The red shadow represents the (201) lattice plane, while the purple

shadow represents the (809) lattice plane. Cross-sectional HAADF-STEM images at the VO2/sapphire heteroepitaxy interface, corresponding

to (e) the [201] and (f) [809] lattice planes of VO2, respectively. (g) Resistivity of VO2 as a function of temperature. (h) Logarithmic derivative

plot of resistance for the VO2 device versus temperature.

To further elucidate the structure of the VO2 film, cross-sectional high-angle annular dark-field scanning trans-
mission electron microscopy (HAADF-STEM) was employed. Figure 1(d) depicts the crystal structure of M-VO2,
with top and bottom panels showing projected planes along the [201] and [809] direction, respectively. Figures 1(e)
and (f) present cross-sectional HAADF-STEM images of the VO2/sapphire heteroepitaxial interface, corresponding
to the [201] and [809] lattice planes, indicating the out-of-plane growth of VO2 along [010] direction. Figure S3
shows the crystal structure of sapphire at the interface, with its out-of-plane lattice along the [001] direction. Figure
S4 presents the EDS mapping of the interface, revealing a distinct boundary between the epitaxial VO2 layer and
sapphire substrate. These results confirm the epitaxial relationship of (010) VO2 ‖ (001) sapphire, consistent with
the XRD data and further validating the VO2 film’s high purity and excellent crystallinity.

The MIT behavior of the epitaxial VO2 film was characterized using a semiconductor analyzer and physical
property measurement system (PPMS). Figure S5 shows the current-voltage (I -V ) curves of a two-terminal VO2

device at different temperatures during heating and cooling cycles, respectively. Notably, an MIT occurs in the
330–340 K range during heating, whereas it happens at 320–330 K during cooling. To further determine the MIT
temperature, we measured the resistivity variation of VO2 as a function of temperature. As shown in Figure 1(g),
the two-terminal VO2 device exhibits a significant resistance change of more than two orders of magnitude across the
MIT. The logarithmic derivative plot of resistance versus temperature (Figure 1(h)) enables precise determination
of the transition temperature (TC), where the TC during the heating and cooling processes is 337 and 328 K,
respectively. This exhibits a typical thermal hysteresis (the difference between TC in heating and cooling process)
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Figure 2 (Color online) Raman characterization of VO2 film. (a) Variable-temperature Raman spectra of VO2 film upon heating (left) and

cooling (right) cycles, respectively; (b) the variation in Raman shift of the VO2 film at 193.4 and 611.3 cm−1 as a function of temperature

during heating (left) and cooling (right) cycles, respectively; (c) Raman mapping images of the peak position at 193.4 cm−1 from 4 distinct film

regions.

of 9 K, a characteristic of temperature-driven first-order phase transition [46]. Figure S6 shows a photograph of
the 8-inch amorphous VO2 film on the silicon wafer. Due to its thermosensitive properties, VO2 is well-suited for
uncooled infrared detectors, which are critical for thermal imaging in various scenarios.

Systematic temperature-dependent Raman studies spanning heating and cooling cycles were conducted to elu-
cidate the temperature-driven structural transition between the insulating monoclinic (M) and metallic rutile (R)
phases in VO2 film. As depicted in Figure 2(a), at room temperature (300 K), all Raman peaks, including those
at 193.4, 224.2, 260.2, 310.5, 387.1, 499.9, and 611.3 cm−1 attributed to the Ag vibrational mode and 142.5 cm−1

corresponding to the Bg vibrational mode, are characteristic of the insulating M phase [46]. The absence of Ra-
man peaks associated with other vanadium oxides further corroborates the high purity of our samples. During
heating, the Raman peaks characteristic of the insulating M phase vanished at ∼370 K, signifying the formation
of the metallic R phase VO2. Conversely, upon cooling, M phase Raman peaks reappeared at ∼350 K, indicating
the reemergence of the insulating M phase VO2. Similar to the results of temperature-dependent resistance, the
temperature-dependent Raman spectra of the VO2 film exhibit typical thermal hysteresis. Figures 2(b) and S7
illustrate the temperature dependence of Raman shifts and full width at half maximum (FWHM) at 193.4 and
611.3 cm−1 for the VO2 film during heating and cooling cycles, respectively. Notably, in the temperature range
of 77–310 K, the 193.4 and 611.3 cm−1 peaks undergo a distinct redshift (i.e., toward lower wavenumbers) during
heating and a corresponding blueshift (i.e., toward higher wavenumbers) during cooling. Meanwhile, the FWHM
of the 193.4 and 611.3 cm−1 Ag peaks in the Raman spectra are increased during heating and decreased during
cooling. The 193.4 cm−1 Ag peak of VO2 is assigned to the V-V vibration mode, and the Ag peak at 611.3 cm−1

represents the V-O bond vibration [52, 53]. Consequently, we attribute the red shift and increase of the FWHM of
193.4 and 611.3 cm−1 Ag peaks during the heating process to the enlarged V-V distance along the cR axis direction
and the thermal effect of lattice expansion, respectively [54, 55]. Raman mapping of peak positions and FWHM at
193.4 and 611.3 cm−1 across 4 distinct film regions further confirms the VO2 film’s uniformity (Figures 2(c) and
S8).

Having confirmed the high crystalline quality of the epitaxial VO2 film on c-plane sapphire, a VO2 device array
was fabricated to characterize its electrical and photoresponse properties. First, single-crystalline VO2 films were
grown on 2-inch sapphire substrates using magnetron sputtering. Subsequently, reactive ion etching (RIE) was
employed to pattern the epitaxial VO2 film into a 12 µm×25 µm microplate array, with photoresist serving as a
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Figure 3 (Color online) Electrical and photoresponse properties of VO2 device array. (a) Schematic diagram and (b) OM image of VO2 device

array. The inset in (b) depicts the photograph of a 2-inch VO2 device array on the c-plane sapphire substrate. (c) Typical I -V characteristics

of the VO2 device at 320, 325, and 330 K. The inset shows the magnified view of the VO2 device, with its channel length and width measuring

5 and 12 µm, respectively. (d) Magnified view of the green dashed box in (c). Time-dependent photoresponse of the VO2 device with different

light intensities at wavelengths of (e) 808 and (f) 1550 nm, respectively. Bias voltage is 1 V.

mask. Metal contact patterns were defined by UV lithography, followed by thermal evaporation of Cr/Au (5/50 nm)
electrodes. More details about the array fabrication are available in Section 2. Figures 3(a) and (b) present the
schematic diagram and optical microscope (OM) image of the 2-inch VO2 device array, which consists of 28862
devices and achieves a high density of 1424 devices per cm2. The corresponding channel length and width are 5 and
12 µm, respectively. To confirm the reliability and generalizability of the VO2 device array, we conducted electrical
characterizations of 15 independent VO2 devices fabricated under the same experimental conditions (Figure S9). The
results demonstrate excellent consistency across all devices. Specifically, the average conductance of the 15 devices
was 4.501 µS, and the variance value was determined to be 0.056 µS. Figure 3(c) exhibits the typical current-
voltage (I -V ) characteristics of the VO2 device at 320, 325, and 330 K. A magnified view of the green dashed box
in Figure 3(c) is provided in Figure 3(d). Notably, the VO2 device exhibits an electric field-induced MIT (E-MIT)
behavior, accompanied by a significant resistance change exceeding two orders of magnitude across the transition.
Additionally, the threshold voltage (Vth) shifts toward lower values as temperature increases. Such phenomena
are likely attributed to current-induced Joule heating effect, which can trigger both electrical and structural phase
transitions in VO2 devices [47]. By applying a large bias voltage (>5 V), we further observed that the VO2 device
exhibits a light-induced MIT behavior (Figure S10).

Figures 3(e) and (f) exhibit the time-dependent photoresponse characteristics of the VO2 device under 808 and
1550 nm illumination with varying light intensities. It can be seen that the device exhibits a highly stable and
reversible optical switching behavior. Meanwhile, its conductivity exhibits a sustained increase under illumination,
and does not immediately revert to its pre-illumination dark-state level once the light source is removed. Such
behaviors are attributed to the intrinsic photothermal effect of VO2 [51]. Specifically, infrared light at 808 and
1550 nm is efficiently absorbed by VO2, which induces localized heating and thereby modulates the resistivity of
VO2. To better evaluate the devices’ photoresponse performance, responsivity (R) and specific detectivity (D*)
at 808 and 1550 nm were calculated (Figure S11(a)). These parameters are derived using R = Iph/PS and D* =
IphS

1/2/PS (2qIdark)
1/2, where Iph is the photocurrent (Iph = Ilight − Idark, Ilight and Idark are currents with and

without illumination, respectively), P is incident light intensity, S is the device active area, and q is the elementary
charge [56]. Under 808 nm illumination (P = 12.04 mW), the VO2 device achieves a maximum R and D* of
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Figure 4 (Color online) Photo-synapse properties of VO2 device. (a) Schematic diagram of biological synapses and VO2-based photo-synapses.

(b) Light-induced PPF behavior of VO2 photo-synaptic device. (c) Dependence of the PPF index on pulse interval (from 2 to 50 s) between

two 808 nm pulses, fitted by a double exponential decay function. (d) EPSC triggered by a train of optical pulses with period ranging from 6

to 20 s. And the pulse width is 4 s. (e) EPSC induced by a train of optical pulses with different optical power densities ranging from 5.12 to

15.92 mW. (f) EPSC induced by a train of optical pulses with different numbers of pulses (3, 5, 10, 15, 20).

358 mA·W−1 and 8.77×108 Jones. At 1550 nm, the maximum R and D* reach 337 mA·W−1 and 8.76×108 Jones
under 18.5 mW incident intensity. These values exceed those of previously reported SnSe-based photodetectors,
likely due to the high crystalline quality of our VO2 film [57]. Given the importance of extreme-environment
optoelectronic properties for evaluating material applicability, we also characterized low-temperature performance.
Under 80 K, the I -V curves of the VO2 device under 808 and 1550 nm illumination with varying light intensities
clearly illustrate the dependence of photocurrent on incident light intensity (Figures S11(b) and (c)).

Neurons are the fundamental structural and functional units of the nervous system, while synapses act as the
functional junctions for information transmission between pre- and post-synaptic neurons or between neurons and
effector cells (e.g., muscles, glands) [40]. Figure 4(a) illustrates the schematic diagram of a biological synapse and
the VO2-based photo-synapse device, where an infrared laser provides illumination and a 1 V bias is applied to
measure device current. In synaptic simulations, infrared laser incidence on the VO2 channel activates the pre-
synaptic terminal, while the device current corresponds to the post-synaptic current (PSC), a measure of synaptic
weight which reflects transmission efficiency between pre- and post-synaptic neurons. Here, an 808 nm infrared laser
was employed as the stimulus for excitatory PSC (EPSC). As a core feature of neural systems, synaptic plasticity,
which refers to dynamic changes in synaptic weight, is categorized into short- and long-term plasticity (STP/LTP)
based on temporal persistence [8,40]. STP persists for shorter durations (typically milliseconds to minutes), serving
as the basis for rapid information processing in neural systems; whereas LTP lasts hours to days, underpinning
learning and memory. As a specific manifestation of STP, paired-pulse facilitation (PPF) is critical for recognizing
and decoding time-resolved information: for two consecutive pre-synaptic light pulses, the synaptic weight change
induced by the second pulse exceeds that from the first. This arises because carriers do not return to their initial
state within the inter-pulse interval (∆t). We simulated the PPF behavior by applying a pair of 808 nm light pulses
(4 s width) with varying ∆t. The PPF index is defined as

PPF index =
A2

A1
× 100%, (1)

where A1 and A2 represent the response currents triggered by the first and second pulses, respectively. At ∆t =
2 s, the PPF index reaches a maximum of 189% (Figure 4(b)). The decay of the PPF index with ∆t was fitted
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using a double-exponential function:

PPF index = 1 +B1 exp

(

−
∆t

τ1

)

+B2 exp

(

−
∆t

τ2

)

, (2)

where B1 and B2 are initial facilitation amplitudes, τ1 and τ2 are the corresponding characteristic relaxation times of
fast and slow decay, respectively. The experimental results and fitted curves are presented in Figure 4(c), revealing
a negative correlation between the PPF effect and ∆t.

Learning and memory based on STP and LTP are among the most critical functions in the nervous system.
STP manifests as transient changes associated with short-term memory (STM), whereas LTP involves persistent
alterations [40]. Notably, the transition from STP to LTP is a pivotal process in converting STM to long-term
memory (LTM). In the VO2 photo-synapse device, STP can be converted to LTP by modulating the frequency,
intensity, and number of external light pulses. First, we examined the effects of different pulse intervals under a
fixed pulse width. As shown in Figure 4(d), the pulse width was maintained at 4 s, while intervals were adjusted
to 2, 4, 8, 12, and 16 s. Notably, as the pulse interval increased from 2 to 16 s, the amplitude of EPSC triggered by
808 nm light pulses decreased progressively, indicating a negative correlation between EPSC amplitude and pulse
interval. Next, we investigated the relationship between EPSC amplitude and light pulse power density, with pulse
width and interval fixed at 4 s and pulse number at 20. As illustrated in Figure 4(e), EPSC amplitude enlarges with
increasing light pulse intensity. This phenomenon implies an STP-to-LTP transition, whose underlying mechanism
is that higher pulse power density results in a stronger localized thermal effect through photothermal conversion.
Finally, the number of light pulses is also a crucial factor influencing synaptic plasticity. When the device was
stimulated with 3, 5, 10, 15, and 20 light pulses, EPSC amplitude increased monotonically with the number of
pulses, indicating a positive correlation between the two (Figure 4(f)). Furthermore, we conducted photo-synaptic
tests under 1550 nm illumination. The results demonstrate that the VO2 device exhibits analogous photo-synaptic
behaviors to those under 808 nm illumination, as shown in Figure S12, and highlight its potential for broadband
infrared synaptic applications.

Feature extraction from the original images streamlines the recognition process and enhances efficiency [58].
Leveraging the nonlinear PPF of synaptic plasticity, input sequences to the VO2 photo-synaptic device can be
distinctly mapped to characteristic outputs. Subsequently, we demonstrated the use of VO2 photo-synaptic devices
as pre-processors in neural networks for information compression. The 4-bit information is encoded using a sequence
of four 808 nm light pulses, with a pulse width and interval of 4 s and a light power of 15.92 mW (Figure 5(a)).
The pulse train comprises four cycles, where the presence of a light pulse cycle is designated as the “1” state and
its absence as the “0” state, thereby yielding 16 distinct states from 0000 to 1111. As depicted in Figure 5(b), the
photocurrent decay curves vary significantly across different light pulse sequences. Correspondingly, the current
at a specific time point can be selected, normalized to the range [0, 1] and used as a characteristic signature for
each state. This confirms that the VO2 device functions as an effective pre-processor for information compression
(Figure 5(c) and Table S1). Here, we selected the current at 40 s as the sampling point (SMP).

Figure 5(d) illustrates the schematic process of using the VO2 photo-synaptic device as a pre-processor, exem-
plified by a 4×4-pixel image of the letter “C”. Each row of the image is fed into the device as a sequential pulse
train, which then outputs the row-specific characteristic current via the aforementioned method. Through this
approach, a 4×4-pixel image is compressed into a 4×1 vector, which is subsequently fed into a neural network with
two hidden layers and one output layer for recognition. Two datasets containing the letters “C”, “H”, “I”, and
“P” were established, with sizes of 1000 and 200 for training and testing, respectively. Noise was introduced by
flipping one of the 16 pixels from 0 to 1 or vice versa. Representative examples of noisy 4×4-pixel inputs and their
corresponding compressed feature vectors are presented in Figure 5(e). Notably, all compressed vectors exhibit
distinct profiles, forming the basis for high recognition accuracy. Figure 5(f) displays the accuracy and loss curves
over 35 training epochs, with accuracy stabilizing at 96% after 28 epochs. This demonstrates the feasibility of the
VO2 photo-synaptic device for neuromorphic computation and image pre-processing.

4 Conclusion

In summary, we report a simple, fully light-modulated artificial synapse based on VO2 films, which exhibits control-
lable temporal dynamics enabling synaptic plasticity. The high crystalline quality and excellent uniformity of the
VO2 film were verified through multiscale characterizations. Fundamental behaviors of artificial synapses, including
EPSC, PPF, STP, and LTP were successfully simulated by employing an 808 nm infrared laser. Building on this, a
three-layer artificial neural network architecture was implemented, using VO2 photo-synapse as image pre-processors



Hou X J, et al. Sci China Inf Sci June 2026, Vol. 69, Iss. 6, 162405:8

Figure 5 (Color online) Information pre-processing and compression applications of VO2 photo-synapses. (a) 4-bit optical information is

encoded using 16 sequences of four light pulses. The pulse width and interval are 4 s. (b) Photoresponse characteristics of the VO2 photo-

synapse device among different optical pulse sequences. (c) The normalized currents corresponding to the 4-bit optical information. (d) Schematic

of VO2 photo-synapses as a pre-processor to compress the input information for efficient image recognition. Here a 4 × 4 input image “C” is

used as an example. Red colors at different depths refer to different current levels. (e) Other representative input images of letters “H”, “I”,

“P” and corresponding compressed features. (f) Accuracy and loss (inset) during training.

to achieve information compression. A 4×4 pixel image was compressed into a 4×1 vector, achieving 96% image
recognition accuracy after 28 training epochs. This work makes a significant contribution to the development of
fully light-modulated artificial synapses and demonstrates the potential of VO2 photo-synapse for neuromorphic
computation and data pre-processing.
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