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HIGHLIGHTS

e Developed a novel photo-memristor with single-pulse low energy consumption (187 pJ) and multi-pulse linearity up to 0.996.

e Using photoelectric synaptic characteristics, achieved long-term memory in a 3 X 3 array and over 92% activation of female facial

feature recognition in a 64 X 64 model.

e Using the continuous response characteristics of optical synapses, an intelligent driving system with automatic night meeting was

designed.

ABSTRACT Optical synapses have an ability
to perceive and remember visual information,
making them expected to provide more intel-
ligent and efficient visual solutions for humans.
As anew type of artificial visual sensory devices,
photoelectric memristors can fully simulate syn-
aptic performance and have great prospects in the
development of biological vision. However, due to
the urgent problems of nonlinear conductance and
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high-energy consumption, its further application 3
in high-precision control scenarios and integration

is hindered. In this work, we report an optoelec- Artificial synapse ;,,,w Tt ...
tronic memristor with a structure of TiN/CeO,/

ZnO/ITO/Mica, which can achieve minimal energy consumption (187 pJ) at a single pulse (0.5 V, 5 ms). Under the stimulation of continuous

Biomimetic applications

Linear fast learning

pulses, linearity can be achieved up to 99.6%. In addition, the device has a variety of synaptic functions under the combined action of photo-
electric, which can be used for advanced vision. By utilizing its typical long-term memory characteristics, we achieved image recognition and
long-term memory in a 3 X 3 synaptic array and further achieved female facial feature extraction behavior with an activation rate of over 92%.
Moreover, we also use the linear response characteristic of the device to design and implement the night meeting behavior of autonomous
vehicles based on the hardware platform. This work highlights the potential of photoelectric memristors for advancing neuromorphic vision

systems, offering a new direction for bionic eyes and visual automation technology.
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1 Introduction

Advanced artificial vision technology plays a crucial role in
areas such as smart homes, self-driving cars and humanoid
robots [1-4]. These systems are usually designed using com-
plementary metal oxide semiconductor (CMOS)-integrated
circuits based on von Neumann architectures, but this design
approach faces “memory wall” and “power wall” problems,
which limit its development in the field of artificial intelli-
gence. In contrast, the human visual system exhibits a high
energy-efficiency ratio, which stems from the retina’s ability
to instantly perceive and initially process light, coupled with
parallel processing mechanisms in the brain’s visual cor-
tex, which are able to rapidly and accurately process visual
information [5, 6]. For example, synaptic plasticity in the
human retina efficiently extracts key visual features [7] and
reduces data redundancy, thereby accelerating processing in
the visual cortex. In order to mimic this efficient biological
vision mechanism, the development of an artificial vision
system with sense and memory behavior is the key to real-
izing the bionic eyes and bionic robots [8].

Recently, artificial vision system has been paid more
attention, and there are a variety of implementation methods;
there are sensor connected memristor devices, photodetec-
tors and memristors integrated, and three-terminal photo-
electric devices [9-12]. The method of series memristor not
only increases the complexity of system integration, but also
increases the energy consumption, which is not conducive
to the large-area integration of vision chips. At present, the
three-terminal photoelectric transistors are more studied [10,
11], which has shown the feasibility of neuromorphic vision
systems. But due to structural problems, the array density
is low and the circuit design is complex, which may lead to
low processing speed and high energy consumption [13].
As a new neuromorphic vision device, two-terminal photo-
electric memristors can realize the way of processing light
information like human eyes and complete the perception,
memory and processing of signals [13—-16]. More impor-
tantly, the two-terminal photoelectric memristors are more
conducive to realizing the high density integration of simple
cross-point arrays of ultra-high-resolution vision chips [17].
However, although two-terminal photoelectric memristor
have great potential in the field of visual information pro-
cessing, it is difficult for most devices to achieve multistage
linear conductance modulation at low energy consumption
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[18-24], which will limit further applications of devices in
high-precision visual perception [25, 26]. Because linear
conductance modulation optimizes each pulse increment
[26], allowing the photoelectric memristor to be precisely
programmed to the target conductance state, thus avoiding
redundant weight tuning processes and the need for periph-
eral circuitry [27], which can reduce system energy con-
sumption. Reducing energy consumption is the continuous
pursuit of the whole brain-like research field, dreaming that
integrated chips can complete system-level tasks with low
energy consumption and high efficiency like human brain
[28]. Vision is at the top of the list of ways humans acquire
information [28]. The multi-level linear conductance modu-
lation optical synapse based on photoelectric memristor can
effectively improve the efficiency of information acquisition
and processing, reduce system energy consumption, and pro-
mote the further development of vision chips.

The cerium dioxide (CeO,) is an excellent photosensi-
tive material and has received extensive attention [29, 30].
Research shows that by introducing defect energy levels dur-
ing the preparation process, the light response range can be
effectively extended from ultraviolet light (UV) to visible
light, improving its response capability in optoelectronic
devices. The zinc oxide (ZnO) has the advantages of optical
transparency, a bandgap width of approximately 3.37 eV, as
well as good chemical stability and high resistivity, which
helps to reduce power consumption. The CeO,/Zn0O inter-
face formed by CeO, and ZnO is prone to capturing oxygen
vacancies to achieve the accumulation of charges [30]. This
accumulation is conducive to the continuous modulation of
conductivity and plays a key role in the realization of linear
conductivity modulation.

Here, we present photoelectric memristors structured
as TiN/CeO,/ZnO/ITO/Mica, which dynamically adjusts
the barrier height of the CeO,/ZnO interface by using
light, achieving excellent performance in multi-level lin-
ear (99.6%) conductance modulation. And the device has
a minimum energy consumption of only 187 pJ at 0.5 V
operating voltage, which is extremely low energy consump-
tion and gives it an advantage among visual perception
integrated chips. In addition, a variety of typical synaptic
plasticity functions of the device based on photomodula-
tion were realized, including paired pulse facilitation (PPF),
paired pulse depression (PPD), short-term memory (STM)
and long-term memory (LTM), transition from short-term

https://doi.org/10.1007/s40820-025-01816-y
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to long-term memory, "learning-experiencing" behavior
and "Pavlovian conditioning" behavior. In particular, two
aspects of long-term memory and linear multilevel synaptic
weight plasticity demonstrate its potential for application in
the field of visual perception. Using the above two features,
we successfully implemented the recognition and long-term
storage of human visual image memory function “L” on
a 3x 3 array and further simulated the image recognition
function of specific female facial features with an activation
rate of over 92%. In addition, we also designed an intel-
ligent driving system based on linear optical synapse to
realize the function of autonomous driving meeting at night.
Experiments have demonstrated that the device performs
well in simulating complex visual tasks and shows great
potential especially for applications in advanced visual per-
ception systems.

2 Experimental Section
2.1 Fabrication of Optical Synapses Device

Preparation of ITO bottom electrode on Mica substrate
using radio frequency sputtering method. Firstly, pump the
back pressure of the magnetron sputtering equipment to
2% 107* Pa, then adjust the RF power to 100 W, and adjust
the argon oxygen ratio inside the cavity to 5:1. Sputtering
is completed under the condition of a sputtering pressure
of 0.5 Pa. Preparation of ZnO and CeO, functional layers
using radio frequency sputtering method. Firstly, the back
pressure of the magnetron sputtering equipment is pumped
to 2x 107 Pa, and then, the argon oxygen ratio inside the
cavity is modulated to 1:2. The preparation of ZnO thin films
is completed under the conditions of a sputtering power
of 80 W and a sputtering pressure of 3 Pa. Afterward, the
sputtering pressure was increased to 3 Pa under pure argon
conditions, and the preparation of CeO, thin films was
completed under a sputtering power of 80 W. Preparation of
TiN top electrode using DC magnetron sputtering method.
Firstly, the back pressure of the magnetron sputtering equip-
ment is pumped to 2 x 10~ Pa, and the sputtering pressure
is set to 0.8 Pa under pure argon conditions. Using a mask
with a diameter of 100 um, a TiN top electrode with a thick-
ness of about 40 nm is grown by sputtering on a SiO, layer
for 60 min.

| SHANGHAI JIAO TONG UNIVERSITY PRESS

2.2 Optical and Electrical Measurements

Using a probe station to connect the upper and lower elec-
trodes of the device to form a conductive path and using the
Keithley 2400 digital source meter, photoelectric coupling
can be effectively achieved, completing various biomimetic
characteristics of artificial photoelectric synapses. By com-
bining the DG5072 waveform generator and DS4034 oscil-
loscope, pulse testing of the device is completed. The func-
tion generator is used to write pulses and emit them, and the
oscilloscope reflects the test waveform. By setting different
pulse parameters, a series of applications such as conduct-
ance control of the device can be achieved.

3 Results and Discussion

3.1 Role of Optoelectronic Memristor in Optical
Synapses

In the human visual system, optical information is captured
by the retina and converted into neural signals firstly, and
these signals are subsequently transmitted to the brain for
processing for visual memory and recognition. This pro-
cess is accomplished primarily through synapses; synapses
release neurotransmitters when a nerve impulse arrives,
thus accomplishing signaling and processing (Fig. 1a). In
order to effectively simulate the visual synapse, we need
to introduce light sensing into the memristor. So, we chose
CeO, and ZnO materials with excellent optical response
[29, 31]; they are both wide-band gap semiconductors that
help suppress leakage current and enable the preparation
of low-power devices. Therefore, we designed TiN/CeO,/
ZnO/ITO/Mica structure novel optoelectronic memristor
device (Fig. 1b). The device not only exhibits excellent
light sensing capability, but also efficiently performs con-
version and storage of optoelectronic signals. And it has a
good linear photoresponse performance (Fig. 1¢), which
provides the possibility of visual bionics applications
based on conductance modulation with high linearity. For
example, it can be applied to specific scenarios that require
visual information, such as face recognition and intelligent
driving. At the same time, the device’s long times forget-
ting rate enables it to mimic human visual memory for
long time storage of images (Fig. 1d), and a further part

@ Springer
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Fig. 1 Bioinspired visual system. a Schematic diagram of biological synapses. b Optical synapses device structured as TiN/CeO,/ZnO/ITO/
Mica. ¢ Optical synapses performance. d Biomimetic applications completed based on the devices

verifies its application potential in face recognition based
on artificial visual characteristics. It provides a new idea
for intelligent sensing and machine vision to build an arti-
ficial vision system based on photoelectric memristor that
integrates sensing, storing and calculating.

3.2 Multi-Level Linear Incremental Conductance
Modulation

The adaptive response of biological synapses to changes
in external stimuli is one of their key features, and the
perception of light information is particularly important
in the visual domain [17]. Optical synapse can adapt to
their environment by adjusting their responses to drastic
changes in different light conditions. If the optical syn-
apses are over-sensitive to strong light and easily satu-
rated, or under-responsive to weak light, the accuracy
of their recognition will be compromised, a feature that
can be captured by the response of the optical synapses
to different parameters of light pulses. When the device
was illuminated for different times (405 nm, 50 mW),
its I-V curve showed an increasing trend (Fig. 2a). With
the increase in light duration, the resistance of the device
gradually decreases, which proves that the device has a

© The authors

good continuous light response capability and provides
an important foundation for the study of visual perception
based on optical synapses. Notably, the realization of low
energy consumption is key to the development of ideal
artificial optical synapses devices. Conventional com-
plementary metal oxide semiconductor (CMOS) circuits
consume approximately 900 pJ per spike [32]; however,
the device can achieve a minimum consume approxi-
mately of only 187 pJ per spike at 0.5 V operating voltage
(Fig. 2b); this energy consumption is significantly lower
than conventional CMOS and most current reported neu-
romorphic devices (Table S1). It is demonstrated that the
device has a very high potential for application in the field
of constructing low-power artificial optical synapses. The
changes in external light stimulation can lead to changes in
synapses plasticity, and with increasing light intensity (20,
50, and 100 mW, respectively, as shown in Fig. 2¢), light
durations (1-10 s, as shown in Fig. 2d), and light pulse
number (1-6, pulse width 2 s, interval 30 s, as shown in
Fig. 2e), the device’s post synaptic current (PSC) gradu-
ally increases, and with increasing photocurrent, its decay
time also gradually increases, demonstrating good plastic-
ity (Fig. S1). The good linear relationship (the R?=0.969,
0.993 as shown in Fig. 2f, g, respectively.) between PSC
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Fig. 2 Optical synapses characteristics of TiN/CeO,/ZnO/ITO/Mica. a I-V curves at different light times (0-10 s). b Power consumption of the

device at 0.5 V is based on the equation E=1.,*V*t, where I.,

V, and ¢ denote the maximum optical response current, the holding voltage,

and the duration of the light pulse, respectively. ¢ Response current of the device for different powers (20, 50, and 100 mW) and 5 consecutive
optical pulse conditions. d Device response current to light pulses of different durations (1-9 s) for the same illumination conditions. e PSC
response to a series of light pulses with the same duration and different number of pulses (1-6). f PSC plotted as a function of light pulse dura-

tion. g PSC plotted as a function of the number of light pulses

and duration and number of light pulses suggests that the
photoelectric memristor can achieve good linear control
and has better application potential in high-precision sce-
narios [26], which is necessary for most bio-optical sen-
sors to obtain accurate performance with different func-
tions in information processing [33]. In addition, 8 devices
were randomly tested to explore the device variability
between different devices, and the response characteristics
of each device to light pulses of 1, 5, and 10 were tested
separately (Fig. S2), indicating that the optical response
of the device is stable. In addition, to the direct light test
of the device, the electric pulse test under different light
conditions is also carried out (Figs. S3, S4, S5). It can
be found that photoelectric hybrid regulation can make
the conductance change more accurate; this is because the
cerium oxide film has defect levels, which can extend the

SHANGHAI JIAO TONG UNIVERSITY PRESS

optical response from ultraviolet light to the visible range
[29]. In the state of thermal equilibrium, since the electron
affinity of ZnO is higher than that of CeO,, electrons in
CeO, will transfer to ZnO, resulting in a positive charge
at the CeO, interface and a negative charge at the ZnO
interface, thereby forming an internal electric field and
potential barrier at the interface. When 405 nm visible
light is irradiated onto the CeO,/ZnO interface, the photon
energy is higher than the bandgap width between the two,
generating electron—hole pairs at the CeO,,Zn0O interface.
Under the action of the built-in electric field, electrons
migrate toward the CeO, side, holes migrate toward the
ZnO side, the charge distribution at the interface changes,
and the potential barrier height changes accordingly
(Fig. S6). Under light excitation, the generated holes are
captured by traps at the CeO,/ZnO interface, resulting in

@ Springer
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charge accumulation, a decrease in the potential barrier
height, and an increase in the device’s conductivity. After
the light irradiation stops, the captured holes are gradually
recombined, and this process generates the memory char-
acteristics of the light signal in a relatively short period of
time. Finally, the potential barrier height is dynamically
adjusted through photoelectric hybrid to achieve the linear
change of electrical conductivity [29].

PPF and PPD are a highly representative behavior in bio-
logical synapses, which are mainly characterized by the fact
that synapses show enhancement and attenuation of neu-
rotransmitter release when stimulated by continuous nerve
impulses; this phenomenon shows its unique application in
the encoding of visual time signals [9]. PPF represents the
release of synaptic neurotransmitters influenced by the time
interval between identical pulses of stimulation (Fig. 3a, b,
pulse duration 1 s, interval of 5 s). The PSC triggered by
the second optical pulse is significantly higher than the first
one, indicating that the device possesses the enhancement
capability of the double pulse; this phenomenon may be
related to the dynamic behavior of photogenerated carriers
[34]. The PPF ratios decay exponentially as Af increases
(Fig. 3c), which indicated the potential of optical synapses
in modeling biological learning patterns [35]. The PSC
response of the device under stimulation with a sequence
of 10 optical pulses at a frequency of 0.01 Hz and a dura-
tion of 20 s, which at the tenth pulse (A,,) is significantly
higher than that of any of the previous pulses (Fig. 3d, e),
since the photon-induced carriers in the device are not com-
pletely consumed at short time intervals, subsequent light
pulses cause further linear (R*>=0.996) accumulation of car-
riers. Therefore, its learning and memory abilities can be
enhanced. In addition, the PSC gain (A,,/A,) decreases as
the pulse frequency decreases, and the PSC response of the
device can be converted from PPF to PPD by changing the
frequency between optical pulse trains (Figs. 2g and S7, A:
the frequency of 0.67 Hz and B: frequency of 0.0328 Hz)
[36]. The main reason lies in that when the light exposure
time is not changed but only the pulse interval is increased
to regulate the pulse frequency, the accumulated charges at
the CeO,/ZnO interface will recombine under the action of
the electric field during the period without light exposure.
Secondly, due to the increase in the pulse interval, the con-
sumed charges cannot be replenished in a short time, which
confirms that PSCs of photosynapse also have a certain
dependence on the frequency of light pulses [36].

© The authors

In addition, synaptic plasticity is particularly important
in the characterization of optical synapses, in which long-
term plasticity (LTP), which is formed through the transition
between STM and LTM during repetitive learning, underlies
memory formation. In fact, repetitive learning activities help
the brain process and store information more efficiently, and
the strength of these memories is significantly affected by
the frequency and intensity of learning. To better model the
plasticity of the optical synapses, we achieved device STM
and LTM transitions by adjusting the width and number
of light pulses (Figs. S8 and S9). Also, synaptic plastic-
ity allows the brain to go through the process of learning,
forgetting, and relearning when learning new knowledge.
Typically, the time required for re-learning is much shorter
than the initial learning, and this behavior is also realized
in our device, where after the first learning (sequence of 30
light pulses with a pulse width of 2 s and an interval of 3 s)
and forgetting, the device recovers to the previous learning
level in 20 light pulses, as shown in Fig. 3h. In addition,
the device successfully simulated the behavior of Pavlov’s
conditioned reflex experiment using this property (Fig. S10),
and using this experiment it can be demonstrated again that
increasing the learning process of the device improves the
memory effect. The above results illustrate the significant
advantages of the device in terms of image memory func-
tion, which not only broadens the application field of the
device, but also provides a strong technical support for the
development of future image processing technology.

3.3 Application of Optical Synapses in Visual
Perception Scenarios

In the human visual perceptual system, the more retinal cells
observe an image, the greater the synaptic weights in the
visual nervous system, which results in the brain remem-
bering the image more clearly and with less likelihood of it
being forgotten [24]. We validated the simulation of human
visual perception behavior using 3 X 3 arrays of this device
(Fig. 4a); the store-and-forget durations for each of the nine
devices were collected for different numbers of light pulses.
When observing the image once (applying a light pulse to
the device once) the PSC of the device is forgotten with
time, while gradually increasing the number of observa-
tions from 1 to 5 (light pulse width 1 s, interval 5 s) or
even 10, the decay of the device’s synaptic weights is getting

https://doi.org/10.1007/s40820-025-01816-y
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smaller and smaller, which also means that its degree of
forgetfulness is getting smaller and smaller (Fig. 4b, c). As
the number of observations increases, the synaptic weights
between neurons increase and the image is memorized more
clearly. To simulate the process of memory and forgetting
in the human visual system, an “L” pattern consisting of
nine devices was used for visualization, and the changes in
the synaptic weights of the devices represented the imag-
ing effects for different numbers of observations. When
an observation is made, the “L” character can be clearly
displayed, but with the increase of the forgetting time, the
image becomes blurred with only a small residue at 90 s
(Fig. 4d). The number of image observations is increased
to 5 or even 10, the memory level of the image is gradually
increased, and the image is still clearly visible when the
forgetting time reaches 90 s (Fig. 4e, f). In addition to this,
the process of forgetting the image mapping after 10 obser-
vations was also explored, which can be found that with the

growth of time, the memory level of the image gradually
decreases, and the image basically disappears when the for-
getting time is as long as 8000 s (Fig. S11). This indicates
that the device can acutely perceive and memorize images
from optical stimuli, thus realizing a realistic simulation of
the human visual perceptual system, and it is able to pro-
cess visual information more accurately than conventional
CMOS image sensors while consuming less power like the
processing in the visual cortex of the human brain.

Based on the experimental results of human visual
image memory function, the photosynaptic device is fur-
ther utilized to simulate the recognition process of human
face by human visual system. By normalizing the opti-
cal signals (grayscale intensity) of facial features in the
images to fit the detection range of the synaptic device,
the synaptic array was first trained on nine female gray-
scale facial images showing different facial expressions
and different angles, and the memory current mapping
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was successfully extracted from them (Figs. 5a and S12).
A selected subset of the arrays was used as a facial rec-
ognition model due to its high memory current (Fig. 5b),
which utilizes the transient light response current of the
device at different irradiation times (Fig. S13) to predict
facial features. In this model, each synaptic device can

a

testing

learning

AR: 51.10% AR :47.33% AR :92.67%

adaptively adjust its response according to the execution
conditions. As shown in Fig. 5S¢, when a synapse receives
a repetitive visual signal of a female facial image, its
transient photoresponse current will exceed the preset
execution threshold and be activated, if it is not the tar-
get image, it will remain idle. In addition, we tested the

testing

learning

AR : 89.95% AR : 88.59%

| AR:92.88%

Fig. 5 Artificial retina for facial recognition. a Illustration of model training of an artificial retina in which optical signals from nine facial
images of a woman are fed into a simulated 64 X 64 synaptic array to generate memory current mappings. Locations with higher memory cur-
rents correspond to facial regions with higher light reflection. b Selection of a subset of synaptic arrays for monitoring facial recognition. ¢
Execution conditions in the model that delineate active and idle states. d Demonstration of male facial recognition showed a low activation rate
of male facial recognition. The AR in the figure represents the activation rate. e and f Demonstrations of female facial recognition. The results
show that the activation rate of facial recognition for some target females is relatively high, with the left side representing noise-free recognition

and the right side representing noisy recognition
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vision system for face recognition using six example
face images. The results show that the activation rate for
male facial images is less than 70% (Fig. 5d), while the
activation rate for specific female facial images is more
than 92%, showing high recognition accuracy even under
noise interference (Fig. Se, f). This shows that the artifi-
cial retina model not only accurately recognizes faces, but
also has good noise immunity, opening new application
possibilities for the development of Al visual perception
systems [37].

To further verify the visual perception ability of optical
synapses, we designed an unmanned driving system and
realized the smart rendezvous function by photosynaptic
linear increasing response characteristics, which proved
the potential of photosynaptic devices for the application
in smart driving system (Fig. S14). Under continuous illu-
mination conditions, the device shows good linear optical
response characteristics and is not easy to reach satura-
tion, which is crucial for the accuracy of signal detection in
unmanned systems. The driverless car rendezvous control
system, the system is in the “Straight” (S) state when two

2300

N
Ny
®
S

Current (nA)

S

S

cars are traveling in opposite directions at night, and then
gradually approaching each other, the synaptic weights of
the optical synapses are gradually increased by sensing the
enhanced light intensity (Fig. 6a). When the synaptic cur-
rent reaches the preset threshold (Fig. 6b), it is processed
by the amplifier and the microcontroller, the system sends
a “right turn” command to the vehicle via Bluetooth, which
guides the vehicle to enter the “Right” (R) state to perform
the meeting action. After that, the vehicle drives out of the
light range, the current decays below the threshold value,
and the vehicle performs the action of “turn left,” i.e., the
“Left” (L) state, and finally completes the meeting safely.
The whole process is shown in Fig. 6¢, and the video of the
rendezvous can be seen in the reference information (Video
S1). At the end of the whole process, the light disappears
and the synaptic weights of the optical synapses devices
gradually return to below the set threshold, ensuring the reli-
ability and reusability of the system. This intelligent control
not only improves driving safety, but also demonstrates the
application prospect of optical synapses devices in modern
transportation.

)
[N
FN
S

2220

Time (s) Turn Right

R L

Fig. 6 Realization of bidirectional rendezvous system. a Bidirectional rendezvous schematic. b Linear synaptic weights (and synaptic currents)
output by the device in real time, and the meeting behavior is fired when the threshold interval is reached. ¢ Nighttime car meeting demonstra-
tion, which mainly shows the “Straight (S),” “S,” “Right (R),” “Left (L)” four states
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4 Conclusions

In this work, we report an artificial optoelectronic memris-
tor device based on TiN/CeO,/ZnO/ITO/Mica. Our device
exhibits extremely linear (0.996) conductance modulation
and low energy consumption (~ 187 pJ) and successfully
simulates synaptic properties such as PPF, PPD, STM,
LTM, “learning from experience” behavior of a single
device, and “Pavlovian” behavior. We have achieved sta-
ble optical sensing performance under different lighting
conditions. In particular, the image memory function of
human vision was simulated by utilizing an ultra-long for-
getting time, and the memory time was as long as 8000 s
after repeating the observation of an image for 10 times,
showing its excellent memory retention ability. Based on
the linear conductance modulation capability of the device
under different irradiation durations, we also designed and
simulated the facial recognition function, which achieved
a high facial feature extraction activation rate of 92.88%
without relying on complex artificial neural networks, and
demonstrated a certain degree of noise immunity. More
importantly, with the help of the linear growth charac-
teristics of its optical response, a hardware system for
nighttime rendezvous behavior of unmanned vehicles
was designed to realize the rendezvous behavior accom-
plished by using the synaptic behavior of the photoelectric
memristor, which ensures the accuracy and reliability of
the rendezvous process, which provides a more powerful
support for the application in the aspect of the unmanned
intelligent system. This work shows that TiN/CeO,/ZnO/
ITO/mica-based artificial photoelectrical synaptic devices
can successfully mimic biological visual memory systems
and effectively broaden the scope of applications of arti-
ficial intelligence.
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