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Abstract: This research focuses on the
application and optimization strategy of
photoelectric effect in smart living devices.
This paper describes the principle of
photoelectric effect and its discovery and
development, and analyzes its application
principle and current situation in solar cell,
photoelectric sensor, photoelectric display
and optical communication. At the same time,
the application problems such as
photoelectric conversion efficiency, stability,
cost and integration are discussed, and
corresponding optimization strategies are
proposed, including material improvement,
structural design optimization,
manufacturing process improvement,
intelligent control and data analysis
applications. Finally, the future development
of photoelectric effect in intelligent living
devices is prospected, aiming at providing
theoretical and practical guidance for the
development of related fields.
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1. Introduction
With the rapid development of science and
technology, intelligent living devices have been
widely integrated into People's Daily life,
profoundly changing people's way of life. As an
important phenomenon in physics, the
photoelectric effect plays a key role in the field
of intelligent living devices. From the screen
display of smartphones to the energy supply of
solar street lights, from the automatic adjustment
of screen brightness by ambient light sensors to
the high-speed data transmission achieved by
optical communication technology, the
photoelectric effect is everywhere [1].
It is of great significance to study the application
and optimization strategy of photoelectric effect
in intelligent living equipment. On the one hand,
it helps to improve the performance of smart

living devices. For example, improving the
photoelectric conversion efficiency of solar cells
can extend the battery life of smart devices or
achieve energy self-sufficiency; Optimizing the
performance of photoelectric sensors can make
them more accurately perceive environmental
changes, thereby improving the intelligence
level and user experience of smart devices. On
the other hand, it will help promote the
development of related industries. With the
continuous improvement of the photoelectric
effect application technology, it will drive the
innovation and upgrading of solar energy,
optical communication, photoelectric display
and other industries, promote economic growth,
and provide technical support for the sustainable
development of society.
The research on photoelectric effect applied to
intelligent living equipment in foreign countries
started earlier and achieved fruitful results. In
the field of solar cells, a variety of efficient
photoelectric conversion materials have been
developed to continuously improve conversion
efficiency, and are committed to reducing costs
to achieve large-scale commercial applications.
For example, the United States is leading the
way in perovskite solar cell research, bringing
the conversion efficiency close to that of
traditional silicon-based solar cells through
material optimization and structural design. In
terms of photoelectric sensors, foreign
enterprises and scientific research institutions
continue to introduce high-precision and
high-sensitivity products, which are widely used
in industrial automation, environmental
monitoring and other fields [2].
Domestic research in this field has also made
remarkable progress. In terms of solar energy
applications, China is the world's largest
producer of solar cells, and actively promotes
the popularization of solar technology in smart
living equipment, such as solar street lights,
solar charging treasure and other products have
been widely used. In the field of photoelectric
display, domestic enterprises continue to
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innovate in liquid crystal display (LCD) and
organic light-emitting diode display (OLED)
technology, improve screen resolution, color
saturation and refresh rate, and meet the high
requirements of consumers for smart device
screens. However, compared with the advanced
level of foreign countries, China still has gaps in
some key technologies, such as high-end
optoelectronic materials research and
development, advanced manufacturing processes,
etc., need to further strengthen research and
innovation [3].

2. Overview of Photoelectric Effect Principle

2.1 Definition and Classification of
Photoelectric Effect
The photoelectric effect refers to the
phenomenon that when light shines on the
surface of a metal or semiconductor, the photon
interacts with the electrons in the matter, so that
the electrons obtain enough energy to escape the
surface of the matter. According to the difference
of photon energy and energy band structure of
matter, photoelectric effect can be divided into
external photoelectric effect, internal
photoelectric effect and photovoltaic effect.
The external photoelectric effect occurs on the
metal surface. When the photon energy is greater
than the escape work of the metal, the electrons
absorb the photon energy and overcome the
surface barrier to escape from the metal surface,
forming photoelectron emission. Typical
applications are photocells, which play an
important role in early light signal detection and
photoelectric control.
The internal photoelectric effect occurs in
semiconductor materials, and after the photon
energy is absorbed by the semiconductor, the
electrons jump from the valence band to the
conduction band, thereby increasing the
conductivity of the material. The internal
photoelectric effect can also be divided into the
photoconductivity effect and the
photoluminescence effect. The
photoconductivity effect shows that the
conductivity of semiconductor materials changes
with the change of light intensity, which is often
used in photoelectric devices such as
photoresistors. The photovoltaic effect is the
potential difference between the two sides of the
semiconductor PN junction under light, which is
the basis of the working principle of solar cells.

2.2 Discovery and Development of
Photoelectric Effect
The discovery of the photoelectric effect dates
back to the late 19th century. In 1887, while
conducting experiments on electromagnetic
radiation, Hertz accidentally discovered that
when ultraviolet light was shone on a metal
electrode, it enhanced the phenomenon of spark
discharge, which was an early observation of the
photoelectric effect. Subsequently, Holvachs,
Stoletov and other scientists carried out further
research on this phenomenon. In 1905, Einstein
proposed the photon hypothesis, successfully
explained the photoelectric effect, he believes
that light is composed of a discontinuous photon,
photon energy is proportional to the frequency,
this theory laid the foundation for the modern
photoelectric theory.
In the subsequent development, the photoelectric
effect of the research continues to deepen. With
the rise of semiconductor technology, the
application of photoelectric effect in
semiconductor materials has been widely
explored. In the middle of the 20th century, the
photoelectric properties of semiconductor
materials such as silicon and germanium were
deeply studied, which provided a material basis
for the development of devices such as solar
cells and photoelectric sensors. In recent years,
with the development of nanotechnology and
new materials science, new photoelectric
materials such as perovskite and quantum dots
continue to emerge, the application field of
photoelectric effect continues to expand, the
conversion efficiency continues to improve, and
the application in intelligent living devices is
increasingly extensive and in-depth [4].

2.3 Basic Principles of Photoelectric Effect
and Related Theoretical Explanations
The basic principle of the photoelectric effect is
based on the interaction of photons with
electrons in matter. According to Einstein's
photon hypothesis, the photon energy E = hν
(where h is the Planck constant and ν is the
frequency of light). When photons hit the
surface of matter, electrons absorb the photon
energy. In metals, if the photon energy is greater
than the metal's escape work W₀, the electrons
can obtain enough energy to escape from the
metal surface and generate photocurrent. The
magnitude of the photocurrent is related to the
intensity, frequency of the incident light and the
properties of the material.
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Further explained from the perspective of
quantum mechanics, electrons are in a specific
energy level state in matter. In the absence of
light, electrons are in the ground state or lower
energy level. When the photon energy is equal to
or greater than the energy difference between the
two energy levels, the electron can absorb the
photon energy to transition to a higher energy
level or escape the surface of matter. In
semiconductors, electrons in the valence band
absorb photon energy and then transition to the
conduction band, thus forming an electron-hole
pair, which moves in a directional direction
under the action of an electric field, generating a
current or potential difference to achieve
photoelectric conversion. Different types of
photoelectric effect differ in the specific
microscopic processes and band structure
changes, but they all follow the basic principle
of the interaction between photons and electrons.

3. The Application Status of Photoelectric
Effect in Intelligent Living Devices

3.1 Application of Solar Cells in Smart Living
Equipment
As one of the important applications of
photoelectric effect, solar cells are widely used
in the field of energy supply in intelligent living
equipment. In terms of smart phones, solar
charging technology is gradually emerging, and
some mobile phone manufacturers have
launched mobile phones or mobile phone cases
with built-in solar panels, which can supplement
the phone's power and extend the battery life in
outdoor or sunny environments. For example,
some outdoor adventure enthusiasts use smart
phones that are charged by solar energy in the
field environment to maintain contact with the
outside world and the normal operation of the
device.
In smart home systems, solar cells provide
energy for smart lighting devices. Solar street
lights are widely used in urban roads, rural trails
and parks and other places, during the day
through solar panels to convert solar energy into
electricity storage, automatic lighting at night,
without external power supply, both energy
saving and environmental protection and reduce
maintenance costs. In addition, solar cells are
also used in smart curtains, smart Windows and
other devices to provide power for them to
achieve automatic opening and closing or
dimming functions to improve the convenience

and comfort of home life.

3.2 Application of Photoelectric Sensor in
Intelligent Living Equipment
Photoelectric sensors use the photoelectric effect
to convert optical signals into electrical signals,
and play a key role in sensing environmental
information in intelligent living devices.
Ambient light sensor is one of the common
photoelectric sensors in smartphones and tablets,
it can automatically adjust the screen brightness
according to the intensity of the surrounding
ambient light, increase the screen brightness in
strong light to ensure visibility, reduce the
brightness in low light to save power, while also
providing a comfortable visual experience. For
example, Apple's iPhone series mobile phones
are equipped with high-precision ambient light
sensors, which can sense changes in ambient
light in real time and achieve accurate
adjustment of screen brightness.
In the field of smart home appliances,
photoelectric sensors are also widely used. For
example, the infrared photoelectric sensor in the
intelligent air conditioner can detect the activity
of indoor personnel, and automatically adjust to
the energy-saving mode when no one is detected
in the room to reduce energy consumption. In
intelligent security systems, photoelectric
sensors are used for intrusion detection, such as
infrared reflector sensors by transmitting and
receiving infrared, when there are objects
blocking infrared, trigger alarm signals, to
provide security for homes and commercial
places.

3.3 Application of Photoelectric Fisplay
Technology in Intelligent Living Equipment
Photoelectric display technology is an important
interface for intelligent living devices to interact
with people, and is widely used in smart phones,
tablet computers, smart TVS and other devices.
Liquid crystal display (LCD) is one of the most
widely used photoelectric display technologies.
It controls the transmission and blocking of light
through the arrangement of liquid crystal
molecules under the action of electric field to
achieve image display. LCD screens have the
advantages of low cost, high resolution, good
color performance, etc., and occupy a dominant
position in the middle and low-end smart
devices.
Organic light-emitting diode display (OLED)
technology represents the cutting-edge

International Conference on Advanced 
Technology and Social Sciences (ATSS 2025)

82 Academic Conferences Series (ISSN: 3008-0908)



development direction of photoelectric display
technology. OLED screens have the advantages
of self-lighting, high contrast, wide viewing
Angle and fast response speed, which can
present a more vivid and lifelike image effect,
and can achieve flexible display, bringing more
innovative possibilities to the design of smart
devices. For example, Samsung's Galaxy series
mobile phones partly use OLED screens, and
their excellent display effects are favored by
consumers. In addition, micro-LED display
technology is also evolving, which is expected
to bring display solutions with higher brightness,
higher resolution and lower power consumption
to smart living devices in the future [5].

3.4 Application of Optical Communication
Technology in Intelligent Living Equipment
Optical communication technology uses the
high-speed propagation characteristics of light to
realize data transmission, which is mainly used
in high-speed data communication and
short-distance wireless connection in intelligent
living devices. Optical fiber communication is a
typical representative of optical communication
technology, which is widely used in smart home
networks and office networks, and transmits
high-speed and stable network signals through
optical fiber to meet people's needs for large
data transmission, such as high-definition video
streaming and online games. For example, in the
fiber-to-the-home (FTTH) project of some smart
communities, users can enjoy high-speed
Internet access services to achieve fast data
interaction between smart home devices [6].
In the short-range wireless communication,
visible light communication (VLC) technology
is gradually emerging. VLC uses visible light
bands for data transmission, such as in
intelligent lighting systems, through the flashing
frequency of LED lights to transmit data, which
can realize the integration of lighting and
communication. For example, in some museums
or libraries, using VLC technology, users can
receive information emitted by LED lights
through mobile phone cameras, such as exhibits,
book inquiries, etc., which is convenient for
users to obtain information, but also to avoid
interference and security problems that may be
caused by traditional wireless communication
methods. In addition, infrared communication
technology is also widely used in intelligent
remote control and other devices to achieve
remote control of smart home appliances.

4. Problems Existing in the Application of
Photoelectric Effect in Smart Living Devices

4.1 Photoelectric Conversion Efficiency
Although the application of the photoelectric
effect in smart living devices continues to evolve,
the photoelectric conversion efficiency remains
a key issue. In terms of solar cells, the
theoretical photoelectric conversion efficiency
limit of traditional silicon-based solar cells is
about 30%, and the current conversion
efficiency in practical applications is mostly
between 20%-25%, and there is still a large
room for improvement. For some new
photoelectric materials, such as perovskite solar
cells, although its conversion efficiency has
made significant breakthroughs in the laboratory,
can reach more than 25%, but still faces
challenges in stability and large-scale
preparation, resulting in its practical application
of conversion efficiency is difficult to reach the
theoretical level, and compared with traditional
silicon-based cells, long-term stability needs to
be further verified.
In applications such as photoelectric sensors and
photoelectric displays, photoelectric conversion
efficiency also affects device performance. For
example, the low conversion efficiency of
photoelectric sensors may lead to insufficient
sensitivity to optical signals, unable to
accurately detect weak optical signals, affecting
the accuracy of the device's perception of the
environment. In the photoelectric display
technology, the lower photoelectric conversion
efficiency means that more electrical energy
needs to be consumed to maintain the brightness
of the screen, which reduces the battery life of
the device or increases the energy consumption
[7].

4.2 Stability and Reliability Issues
Stability and reliability are another important
issue when the photoelectric effect is applied to
smart living devices. For solar cells, long-term
exposure to the outdoor environment, affected
by temperature changes, humidity, ultraviolet
radiation and other factors, its performance will
gradually decline. For example, high
temperatures may cause changes in the crystal
structure of solar cell materials, reducing the
photoelectric conversion efficiency; Humidity
may cause corrosion and short circuit of battery
components, affecting their service life. In the
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photoelectric sensor and photoelectric display
equipment, the stability problem can not be
ignored. When the photoelectric sensor works
continuously for a long time or under harsh
environmental conditions, the phenomenon of
signal drift and sensitivity reduction may occur,
which affects the normal operation of the
equipment. The photoelectric display screen may
have problems such as uneven brightness, color
distortion, pixel aging, and so on, reducing the
display quality and user experience.

4.3 Cost and Manufacturability Issues
Cost and manufacturability are important factors
restricting the wide application of photoelectric
effect in smart living devices. In the field of
solar cells, although the cost has decreased with
the progress of technology, the preparation
process of some new efficient photoelectric
materials is complex and the cost of raw
materials is high, which leads to the cost
challenge when it is applied commercially on a
large scale. For example, in the production
process of perovskite solar cells, the
requirements for raw material purity and film
preparation process are high, making it difficult
to reduce the production cost to the level of
traditional silicon-based solar cells. In
photoelectric sensor and photoelectric display
technology, high-precision manufacturing
process and expensive production equipment
also increase the cost of products. For example,
the production of OLED screens requires
advanced vacuum evaporation equipment and
complex process control, leading to its high cost,
to a certain extent, limiting its popularity in
low-end smart living devices. In addition,
manufacturability issues also include product
consistency and yield, small deviations in the
production process may lead to large differences
in product performance, affecting product
quality and market competitiveness.

4.4 Integration and Miniaturization Problems
With the development of smart living devices in
the direction of miniaturization and
multi-function, the integration and
miniaturization of photoelectric effect
applications have become urgent problems to be
solved. In terms of solar cells, it is a challenge to
integrate an efficient solar charging module in a
limited device space without affecting other
functions and appearance design of the device.
For example, in smart phones, it is necessary to

ensure that the solar panel has enough area to
receive light, but also to avoid increasing the
thickness and weight of the phone. In the field of
photoelectric sensors and photoelectric displays,
improving the integration can reduce the size of
the device and improve the portability and
functionality of the device. However, the volume
of some photoelectric sensors and display
components is still large, and it is difficult to
meet the needs of miniaturized smart devices.
For example, traditional infrared photoelectric
sensors are large and their application in some
small smart home devices is limited. At the same
time, improving the integration also needs to
solve problems such as heat dissipation and
electromagnetic interference to ensure the stable
operation of the equipment.

5. Optimization Strategy of Photoelectric
Effect in Smart Living Devices

5.1 Performance Improvement Policies
The improvement of the photoelectric effect in
the performance of smart living devices is
crucial and directly related to the overall
efficiency and user experience of the equipment.
In terms of photoelectric conversion efficiency,
material improvement is one of the key paths.
For example, perovskite materials have attracted
much attention in solar cell research due to their
unique crystal structure and photoelectric
properties. Through element doping and crystal
structure regulation, the energy band structure
can be optimized, the light absorption capacity
can be enhanced, the electron-hole
recombination can be reduced, and the
photoelectric conversion efficiency can be
improved. Quantum dot materials also have the
potential, the size quantization effect makes the
energy level can be adjusted, can more
accurately match the solar spectrum, to achieve
efficient photoelectric conversion.
Structural design optimization also has a
significant impact on performance improvement.
In solar cells, the design of multi-junction
structure enables semiconductor materials with
different band gaps to work together to broaden
the range of light absorption and improve the
utilization of solar energy. The introduction of
nanostructures, such as nanowire arrays and
nanoporous structures, can increase the
scattering and absorption paths of light in the
material, and improve the efficiency of
photo-generated carrier generation. At the same
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time, the optimization of electrode structure and
the use of high conductivity and high light
transmittance materials can reduce the resistance
loss and promote the effective collection of
photogenerated carriers.
In the field of photoelectric sensors and
photoelectric displays, performance
improvement strategies are equally important.
For the photoelectric sensor, the application of
special optical structures such as microlens array
and photonic crystal structure can enhance the
focusing and collecting ability of optical signal,
and improve the detection sensitivity of the
sensor to weak optical signal. In terms of
photoelectric display, the refined design of pixel
structure and the optimization of backlight can
improve the clarity, color saturation and contrast
of images, and bring users a better visual
experience [8].

5.2 Stability and Cost Optimization Strategy
Enhancing stability and reducing cost are the
problems that the photoelectric effect must solve
in the application of smart living devices. In
terms of stability, improvements in packaging
and protection technology are indispensable. For
solar cells, high-quality packaging materials and
processes can effectively block the erosion of
external factors such as water, oxygen and
ultraviolet light on the battery module.
Multi-layer packaging materials, such as
UV-resistant adhesive film and high-strength
cover glass, can form a good protective barrier
to ensure the stability of the battery in long-term
outdoor use.
Thermal management optimization is also
critical for stability. In the process of
photoelectric effect application, the
accumulation of heat will affect the material
properties and equipment life. For example, in
solar cells and high-brightness photoelectric
display devices, the use of heat sinks, heat pipes
or liquid cooling technologies can dissipate heat
in time, maintain the equipment in the
appropriate operating temperature range, and
reduce performance attenuation and material
aging caused by high temperature.
In terms of cost optimization, material cost
control is the primary task. For traditional
silicon-based solar cells, improving the
efficiency and yield of the silicon wafer
production process can reduce the loss and cost
of silicon materials. At the same time, exploring
low-cost alternative materials, such as

amorphous silicon and organic solar materials, is
also an important direction to reduce costs. In
the manufacturing process, innovation is the key
to reducing costs. The application of roll-to-roll
manufacturing process in the production of solar
cells and flexible optoelectronic equipment can
achieve large-scale, high-efficiency production
and significantly reduce production costs. In
addition, 3D printing technology has unique
advantages in the manufacture of complex
photoelectric components, which can reduce
material waste and improve the flexibility and
customization of production [9].

5.3 Integration and Multi-Function
Expansion Strategy
Improving integration and realizing
multifunctional integration is the development
trend of photoelectric effect in the application of
smart living devices. Miniaturized device design
provides the basis for integration. In the field of
solar cells, the development of thin-film solar
cell technology allows batteries to be made
thinner and lighter, which is easy to integrate
into a variety of small smart devices. For
example, the development of micro-solar cells,
using flexible substrates and innovative
structural designs such as folding and curling,
can provide energy for devices such as smart
watches and smart glasses without taking up too
much space.
In terms of photoelectric sensors and
photoelectric displays, multifunctional
integration technology continues to expand the
capabilities of devices. The photoelectric sensor
is integrated with other sensors such as
temperature sensors and pressure sensors on a
chip, which can realize the simultaneous
perception of multiple parameters of the
environment and provide more comprehensive
environmental information for intelligent
devices. In the field of photoelectric display, the
display function is integrated with touch sensing,
fingerprint recognition and other functions, such
as embedding touch sensors and fingerprint
recognition modules in the OLED display screen,
which realizes the convenience of
human-computer interaction and the
improvement of device security. This
multi-functional integration technology not only
simplifies the device structure, reduces the space
occupation, but also improves the user
experience, and promotes the development of
smart living devices in the direction of more
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intelligent and multi-functional. Through these
integrated and multifunctional expansion
strategies, the application of the photoelectric
effect in smart living devices will play a greater
value to meet people's growing and diversified
needs.

6. Conclusion
In this study, the application and optimization
strategy of photoelectric effect in intelligent
living devices are discussed. By elaborating the
principle of photoelectric effect, the application
mechanism and current situation of photoelectric
effect in intelligent living equipment such as
solar cell, photoelectric sensor, photoelectric
display and optical communication are clarified.
The problems of photoelectric conversion
efficiency, stability, cost and integration in
current applications are analyzed, and a series of
optimization strategies are put forward,
including material improvement, structural
design optimization, manufacturing process
innovation and multi-function integration. The
implementation of these strategies is expected to
improve the performance of the photoelectric
effect in smart living devices, promote the
development of related industries, and bring
more convenience and innovation to people's
lives.
With the continuous progress of science and
technology, the application of photoelectric
effect in intelligent living devices will show a
broader development prospect. In terms of
materials, the research and development of new
photoelectric materials will continue to make
breakthroughs, which is expected to achieve
higher photoelectric conversion efficiency, better
stability and lower costs. For example, the
performance of organic-inorganic hybrid
materials and quantum dot materials will
continue to be optimized, bringing new changes
to the fields of solar cells, photoelectric sensors
and photoelectric displays. In terms of
technology, nanotechnology, micro-nano
processing technology, flexible electronics
technology, etc., will further promote the
miniaturization, flexibility and multi-function of
photoelectric effect applications. For example,
flexible solar cells and flexible displays will be
more widely used in smart wearable devices,
foldable electronics and other fields; Micro-nano
photoelectric sensors will achieve higher
sensitivity and resolution to meet the
high-precision requirements for environmental

perception in the Internet of Things era.
In terms of application fields, the photoelectric
effect will play a more important role in the
fields of smart home, intelligent transportation,
intelligent medical care, and intelligent
agriculture. In the smart home, the application of
photoelectric effect will realize the intelligent
control of home equipment and the intelligent
energy management; In the field of intelligent
transportation, photoelectric sensors and optical
communication technology will improve traffic
safety and traffic efficiency; In smart medicine,
photoelectric detection technology will be used
for disease diagnosis and monitoring; In smart
agriculture, the photoelectric effect will be
applied to plant growth monitoring and smart
irrigation systems, among others. In short, the
application of photoelectric effect in smart living
devices will continue to innovate and expand,
providing strong technical support for building a
more intelligent, convenient and sustainable
future life.
To sum up, the application of photoelectric
effect in intelligent living devices has great
potential and broad space for development.
Through continuous research and innovation,
and constantly optimize the application of
photoelectric effect technology, it will be able to
better meet people's needs for intelligent life,
and promote scientific and technological
progress and sustainable development of society.
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