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Abstract

Throughout history, people have used readily available energy sources such as
wind, water, and muscle power for their daily needs. Solar energy is an
inexhaustible source of renewable energy for mankind. In addition, it is clean
energy and does not pollute the environment. Among the efficient use of solar
energy, the use of solar photovoltaic is the fastest growing and most dynamic
research field in recent years, and it is one of the most watched projects. In this
article, we will talk about the basic working principle of solar cell technology and
the direction and prospects of future development. Solar energy is a type of light
energy that needs to be converted into electrical energy using an energy converter.
This energy converter that converts solar energy (or other light energy) into
electrical energy is called a solar cell.
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Research Purpose:
Our research purpose is to analyze the basic principles, automatic control system
and future development direction of solar cell technology.

The Main Part

A solar cell or photovoltaic cell is a device that can convert solar energy into
electricity. When the junction area of a semiconductor with a junction surface is
irradiated with light greater than the energy forbidden limit, electrons and holes

are generated, and the internal electric field generated in the junction area transfers
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electrons to the N-type semiconductor and holes to the N-type semiconductor. A
P-type semiconductor produces an electromotive force. The electrodes attached
to the N-type semiconductor and the P-type semiconductor become negative
electrodes and positive electrodes, and direct current can be obtained. Not only
silicon, but also gallium arsenide, cadmium tellurium, cadmium sulfide, indium
phosphorus, or composites between these materials are used as materials for solar
cell semiconductors, but usually silicon is used.

The basic principle of operation of solar cells. The principle of operation of solar
cells is based on the "photovoltaic” effect of semiconductor p-n junctions. The so-
called photovoltaic effect, simply put, when an object is illuminated, the state of
the charge distribution in the body changes to produce an electromotive force and
current. When sunlight or other light irradiates the PN junction of the
semiconductor, electron-hole pairs are formed and the carriers generated near the
P-N junction inside the semiconductor are not recombined and reach the space
charge region and the internal electric field attracted by, and electrons flow to n.
In the region, holes flow into the p region, resulting in excess electrons being
stored in the n region and excess holes in the p region. They create a photo
generated electric field opposite to the direction of the potential barrier near the
p-n junction. In addition to partially eliminating the effect of the barrier electric
field, the photo-generated electric field also makes the p-region positively charged
and the n-region negatively charged, forming a thin layer between the n-region
and the p-region. electromotive force, which is the photovoltaic effect. When
energy is added to pure silicon (say, in the form of heat), it causes a few electrons
to break away from their covalent bonds and leave the atom. For every electron
that is ejected, a hole remains. These electrons then circle the lattice, looking for
another hole to settle into. These electrons are called free carriers and they can
conduct electricity. This electric field acts as a diode, allowing (or even pushing)
electrons to flow from the p-side to the n-side, rather than the other way around.
When light hits the solar cell in the form of photons, its energy releases electron-
hole pairs. Each photon with sufficient energy usually ejects one electron and
creates an empty hole. If itis close enough to the electric field, or the free electrons
and free holes are within its range, the electric field will push the electrons to the
N side and the holes to the P side. This leads to further breakdown of electric
neutrality and if we provide an external current path, the electrons flow through
this path to their original side (P side) where they combine with the holes sent by

the electric field and flow process in doing work. Thus creating a current from the
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N-type region to the P-type region. Then a potential difference is created in the
PN junction, which forms the power source. Since the semiconductor is not a good
conductor of electricity, if electrons flow in the semiconductor after passing
through the p-n junction, the resistance will be very large and either ‘the loss will
be great. However, if the top layer is completely covered with metal, sunlight
cannot pass through and no current is generated.

Solar battery types

According to the shape, solar cells can be divided into rigid solar cells and flexible
solar cells; according to their crystalline state, they can be divided into two
categories: crystalline thin film type and amorphous thin film type, and the former
is divided into one. crystal and poly crystal; according to the material, it can be
divided into silicon thin film, mixed semiconductor thin film and organic film;
according to the different materials used, it can be divided into: silicon solar cells,
multi-component compound thin film solar. cells, polymer multilayer modified
electrode solar cells, nano crystalline solar cell batteries, organic solar cells.
Among them, silicon solar cells are currently the most mature and dominate in
applications.

Solar battery automatic control system

The full name of a solar controller is a solar charge and discharge regulator. It is
an automatic control device used to control the multi-channel solar cell array to
charge the battery and the battery to supply power to the solar cell in the solar
power generation system. Inverter load. It regulates and controls the charging and
discharging conditions of the battery, and controls the power of the solar cell
components and the battery to the load according to the power demand of the load.
It is the main control part of the whole photovoltaic power supply. Almost all
battery-powered solar power generation systems desperately need a solar charge
and discharge controller. The role of the solar charge and discharge controller is
to regulate the power delivered from the solar panel to the battery. Overcharging
the battery will at least significantly shorten the life of the battery, at worst it will
damage the battery to the point where it cannot be used normally. The solar
controller adopts a high-speed CPU microprocessor and a high-precision A/D
analog-to-digital converter, and is a microcomputer data acquisition and
monitoring control system. It can not only quickly collect the current operation

status of the photovoltaic system in real time, get the operation data of the PV
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station at any time, but also collect the historical data of the PV station in detail,
which can provide an accurate and reliable solution. It is a sufficient basis to
assess the rationality of the PV system design and the reliability of the quality of
the system components. In addition, the solar controller also has the function of
serial communication data transmission, which can centrally control and remotely
control multiple photovoltaic system substations. Solar controllers usually have 6
rated voltage levels: 12V, 24V, 48V, 110V, 220V, 600V. Currently, the controller
Is becoming multi-functional, and there is a tendency to integrate the traditional
control unit, inverter and monitoring system.

The future development direction of solar cells

Thin film solar cells are the most promising new generation solar cell technology,
which saves the use of silicon raw materials and silicon wafer production
processes. Compared with the current ordinary silicon wafer solar cells, the
amount of silicon used in silicon thin film. Solar cells are only 1% of the previous
%, which can reduce the cost of solar cells from 2.5 USD to 1.2 USD per watt. In
addition, this high-tech new product can be combined with building roofs and wall
materials. glass curtain walls that can be connected to the grid to generate
electricity and save energy. Building materials, landscaping. The third-generation
concentrated solar power (CPV) energy generation method is gradually becoming
the focus of the solar energy industry. Photovoltaic power generation has
progressed through first-generation crystalline silicon cells and second-generation
thin-film cells, and the current industrialization process is gradually shifting to
efficient CPV system power generation. Compared with the previous two
generations of batteries, CPV uses multi-pass I11-V compound batteries, which
have the advantages of large spectral absorption and high conversion efficiency.
In addition, the required battery area is not large, and replacing expensive
semiconductor materials with relatively cheap concentrated devices can
effectively reduce costs and reduce production energy consumption when used on
a large scale in power generation.

Summary

In conclusion, it can be said that solar energy is inexhaustible as a long-term,
universal and huge source of energy. Compared with other energy sources, the
use of solar energy is clean and pollution-free, and the use of solar energy does

not cause environmental pollution. Ecological Environment when humanity is
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facing an energy and environmental crisis, it is urgent to find a clean, efficient
and relatively sufficient energy situation to meet social and economic
development, and solar energy is one of the best choices. At present, the
development of solar energy is mainly based on the state of solar cells. By further
improving the automatic management of solar batteries, it is possible to achieve
continuous monitoring of the device, timely elimination of malfunctions, and
long-term service of the equipment. After several decades of development, solar
cells are already mature technologies and are used in all aspects of human
production and life. With the continuous improvement of technology, solar cells
will achieve more development and benefit the human society.

References.

1. Vans, Cabins, Boats and Tiny Homes “Off Grid Solar Power Simplified”
2020-y.

2. Paul Holmes, Shalve Mohile “Solar Power for Beginners” 2020-y.

3. Turgon Annare “SOLAR POWER The Beginner's guide for solar electricity systems, for
off-grid solar systems and for your home energy independence”

4. https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-
AhU_jGgJHQEbAwWwWY ABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-
D2w_0O0i6Nc8s1kyYitHKUDZ0v-
UP3srfsdhBogaln_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS30cEWQk3RGI8Z
5DOB87EBduaMPOdgqoywVZRA0QVrRhfnPBa8y4TStaXklw0&sig=AOD64 3X_ mz3
V1GI3IwJ_PMTjMgKYPNF3A&g&adurl&ved=2ahUKEw;j336aloplL-
AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM

5. https://mbook.interpark.com/shop/product/detail?prdN0=201329386

HTTPS://IT. ACADEMIASCIENCE.ORG
78


https://www.amazon.com/dp/B083XX4DQ9?tag=uuid10-20
https://www.amazon.com/dp/B083XX4DQ9?tag=uuid10-20
https://www.amazon.com/dp/B083XX4DQ9?tag=uuid10-20
https://www.amazon.com/dp/B083XX4DQ9?tag=uuid10-20
https://bookauthority.org/author/Paul-Holmes
https://bookauthority.org/author/Shalve-Mohile
https://www.amazon.com/dp/B087SD521X?tag=uuid10-20
https://www.amazon.com/dp/B087SD521X?tag=uuid10-20
https://bookauthority.org/author/Turgon-Ann%C3%A1r%C3%AB
https://www.amazon.com/dp/B083XX4DQ9?tag=uuid10-20
https://www.amazon.com/dp/B083XX4DQ9?tag=uuid10-20
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-AhU_jGgJHQEbAwwYABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-D2w_OOi6Nc8s1kyYitHKUDZ0v-UP3srfsdhBoga1n_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS3ocEWQk3RGl8Z5DOB87EBduaMPOdgqoywVZRAoQVrRhfnPBa8y4TStaXkIw0&sig=AOD64_3X_mz3V1GI3lwJ_PMTjMqKYPNF3A&q&adurl&ved=2ahUKEwj336aLopL-AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-AhU_jGgJHQEbAwwYABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-D2w_OOi6Nc8s1kyYitHKUDZ0v-UP3srfsdhBoga1n_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS3ocEWQk3RGl8Z5DOB87EBduaMPOdgqoywVZRAoQVrRhfnPBa8y4TStaXkIw0&sig=AOD64_3X_mz3V1GI3lwJ_PMTjMqKYPNF3A&q&adurl&ved=2ahUKEwj336aLopL-AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-AhU_jGgJHQEbAwwYABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-D2w_OOi6Nc8s1kyYitHKUDZ0v-UP3srfsdhBoga1n_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS3ocEWQk3RGl8Z5DOB87EBduaMPOdgqoywVZRAoQVrRhfnPBa8y4TStaXkIw0&sig=AOD64_3X_mz3V1GI3lwJ_PMTjMqKYPNF3A&q&adurl&ved=2ahUKEwj336aLopL-AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-AhU_jGgJHQEbAwwYABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-D2w_OOi6Nc8s1kyYitHKUDZ0v-UP3srfsdhBoga1n_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS3ocEWQk3RGl8Z5DOB87EBduaMPOdgqoywVZRAoQVrRhfnPBa8y4TStaXkIw0&sig=AOD64_3X_mz3V1GI3lwJ_PMTjMqKYPNF3A&q&adurl&ved=2ahUKEwj336aLopL-AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-AhU_jGgJHQEbAwwYABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-D2w_OOi6Nc8s1kyYitHKUDZ0v-UP3srfsdhBoga1n_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS3ocEWQk3RGl8Z5DOB87EBduaMPOdgqoywVZRAoQVrRhfnPBa8y4TStaXkIw0&sig=AOD64_3X_mz3V1GI3lwJ_PMTjMqKYPNF3A&q&adurl&ved=2ahUKEwj336aLopL-AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-AhU_jGgJHQEbAwwYABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-D2w_OOi6Nc8s1kyYitHKUDZ0v-UP3srfsdhBoga1n_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS3ocEWQk3RGl8Z5DOB87EBduaMPOdgqoywVZRAoQVrRhfnPBa8y4TStaXkIw0&sig=AOD64_3X_mz3V1GI3lwJ_PMTjMqKYPNF3A&q&adurl&ved=2ahUKEwj336aLopL-AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwji36yLopL-AhU_jGgJHQEbAwwYABAEGgJ3Zg&ohost=www.google.com&cid=CAESa-D2w_OOi6Nc8s1kyYitHKUDZ0v-UP3srfsdhBoga1n_Lp692zgY8Sdh8wyj4CuVpreMFojbclefDvuCfaAS3ocEWQk3RGl8Z5DOB87EBduaMPOdgqoywVZRAoQVrRhfnPBa8y4TStaXkIw0&sig=AOD64_3X_mz3V1GI3lwJ_PMTjMqKYPNF3A&q&adurl&ved=2ahUKEwj336aLopL-AhWvQ_EDHeS8Cs8Q0Qx6BAgHEAM
https://mbook.interpark.com/shop/product/detail?prdNo=201329386

