
 ОБРАЗОВАНИЕ НАУКА И ИННОВАЦИОННЫЕ  ИДЕИ В МИРЕ       

     https://scientific-jl.org/obr                                                                 Выпуск журнала №-59 

Часть–14_ Декабрь –2024                      
46 

2181-3187 

PHYSICAL BASIS OF SOLAR PHOTOVOLTAIC CELLS 

 

Fozilova Mohira Soyibjon qizi 

Andijan Machine Building Institute assistant of the  

Department of Alternative Energy Sources 

 

Abstract 

Solar photovoltaic (PV) cells are devices that convert sunlight directly into 

electricity through the photovoltaic effect. This process involves the generation of 

electron-hole pairs in semiconductor materials, followed by their separation and 

movement under the influence of an electric field, leading to the flow of electric 

current. The efficiency of PV cells depends on several factors, including the properties 

of the semiconductor material, the structure of the p-n junction, and the management 

of energy losses such as recombination and thermal losses. Silicon-based materials 

are the most commonly used in PV technology, though alternative materials like thin-

film, perovskite, and organic photovoltaics are being explored for their potential to 

improve efficiency and reduce costs. This article explores the fundamental physical 

principles underlying solar photovoltaic cells, including the photovoltaic effect, 

semiconductor behavior, and the challenges related to improving cell efficiency. As 

research advances, the performance and applicability of PV technology continue to 

grow, contributing to the broader transition toward renewable energy sources. 
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Introduction 

Solar photovoltaic (PV) cells are devices that convert light energy directly into 

electrical energy through the photovoltaic effect. As the demand for renewable energy 

sources grows globally, PV technology has emerged as a key solution for sustainable 

power generation. Understanding the physical principles that underpin the operation 

of solar photovoltaic cells is essential for improving their efficiency and expanding 

their applications. This article delves into the fundamental physics of solar 

photovoltaic cells, including the photovoltaic effect, material properties, and device 

architecture. 

The Photovoltaic Effect 

The photovoltaic effect is the fundamental physical process that occurs when 

sunlight strikes a material and generates an electric current. This effect was first 

observed by Alexander Edmond Becquerel in 1839, but it was not until the 1950s 

that modern PV cells were developed for practical use. 
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How the Photovoltaic Effect Works 

When sunlight hits the surface of a semiconductor material in a PV cell, it excites 

the electrons in the material, providing enough energy to free them from their atomic 

bonds. These free electrons create electron-hole pairs, where the electron is the 

negatively charged particle, and the hole is the positively charged absence left behind. 

The movement of these electrons and holes generates an electric current. 

The process can be broken down into three main steps: 

1. Absorption of Light: 

Solar radiation consists of photons, which are particles of light energy. When 

photons strike the semiconductor material in the PV cell, they are absorbed by the 

material. The energy from the photon is transferred to electrons in the semiconductor. 

2. Generation of Electron-Hole Pairs: 

The energy from the absorbed photons excites the electrons, causing them to 

move from the valence band to the conduction band, creating free electrons and holes. 

This process creates electron-hole pairs. 

3. Separation and Movement of Charge Carriers: 

An electric field is created in the semiconductor, usually by the junction between 

two different types of semiconductors, known as the p-n junction. This field drives 

the free electrons towards the negative side and the holes towards the positive side, 

causing the flow of electrical current when connected to an external circuit. 

Semiconductor Materials in Solar Cells 

The core of a photovoltaic cell is the semiconductor material, typically made 

from silicon. Semiconductors have properties that allow them to conduct electricity 

under certain conditions and to insulate under others. The performance of a PV cell 

depends heavily on the properties of the semiconductor material used. 

Silicon-based Solar Cells 

Silicon is the most widely used material for solar cells due to its abundance and 

favorable electronic properties. Silicon-based PV cells can be categorized into three 

types: 

1. Monocrystalline Silicon: 

Made from a single continuous crystal structure, these cells have high efficiency 

and are more expensive due to their complex manufacturing process. 

2. Polycrystalline Silicon: 

Made from silicon crystals that are melted together, these cells are less expensive 

but have lower efficiency compared to monocrystalline silicon. 

3. Amorphous Silicon: 
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These cells are made from silicon that has no long-range crystal structure. They 

are less efficient but are cheaper and flexible, making them suitable for applications 

like solar panels on windows or curved surfaces. 

Other Semiconductor Materials 

While silicon is the dominant material, other semiconductors are being explored 

for improved efficiency and lower costs, including: 

 Thin-film solar cells: These are made from materials such as cadmium 

telluride (CdTe), copper indium gallium selenide (CIGS), and amorphous silicon. 

Thin-film cells are lighter and can be flexible, making them suitable for different 

applications. 

 Perovskite solar cells: A new generation of solar cells made from a perovskite-

structured compound. They offer high efficiency and low-cost manufacturing 

processes. 

 Organic Photovoltaic Cells (OPVs): Made from organic materials like 

polymers, OPVs are still in the research stage but offer the potential for low-cost, 

flexible, and lightweight solar panels. 

P-N Junction and Electric Field 

The p-n junction is a critical component in the operation of a photovoltaic cell. 

It consists of two types of semiconductor material: 

 P-type semiconductor: This material has an excess of holes (positive charge 

carriers) due to the addition of certain impurities (e.g., boron). 

 N-type semiconductor: This material has an excess of electrons (negative 

charge carriers) due to the addition of other impurities (e.g., phosphorus). 

When the p-type and n-type materials are joined together, the free electrons from 

the n-type region diffuse into the p-type region, and the holes from the p-type region 

move into the n-type region. This movement of charge carriers creates a depletion 

region near the junction where no free charge carriers exist, leaving behind an electric 

field. This field is crucial because it separates the electron-hole pairs generated by 

the absorption of light, driving the electrons toward the n-type region and the holes 

toward the p-type region, thus creating an electric current. 

Solar Cell Efficiency and Losses 

The efficiency of a solar photovoltaic cell is a measure of how much of the 

sunlight that strikes the cell is converted into electrical energy. Several factors 

influence the efficiency of PV cells: 

1. Band Gap Energy: 

The band gap of a semiconductor determines the range of photon energies it can 

absorb. If the energy of a photon is too low (below the band gap), it will not be 

absorbed, while if it is too high, the excess energy will be lost as heat. 
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2. Recombination Losses: 

Recombination occurs when an electron recombines with a hole before it can be 

driven to the external circuit. This process leads to energy loss and reduces the overall 

efficiency of the cell. 

3. Optical Losses: 

Some photons may be reflected or pass through the cell without being absorbed, 

reducing the number of photons available for generating electron-hole pairs. 

4. Thermal Losses: 

Excess energy from high-energy photons is often lost as heat, which reduces the 

efficiency of the cell. 

Research is focused on improving the quantum efficiency of solar cells, 

minimizing recombination and thermal losses, and utilizing materials that can absorb 

a wider range of the solar spectrum. 

Conclusion 

The physical principles behind solar photovoltaic cells are based on the 

conversion of light energy into electrical energy through the photovoltaic effect. 

Understanding the role of semiconductors, p-n junctions, and the behavior of electron-

hole pairs is essential for optimizing the performance of solar cells. With ongoing 

advancements in materials science and cell design, the efficiency and cost-

effectiveness of photovoltaic cells continue to improve, making solar energy an 

increasingly viable and sustainable source of electricity for the future. 
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