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Original Research Paper Solar cells have attracted a great deal of attention due to ongoing climate
Received 12 December 2022 debate and efforts to further implement green energy sources to reduce CO2
Accepted 21 December 2025 emissions into the atmosphere. Single-crystalline silicon (c-Si) solar cells,
Available Online 09 with better long-term stability compared to other silicon-based solar cells,
January 2026 have a major position in the solar cell market. As new solar cell technology
Keywords continues to evolve, the relatively high cost of electricity generated by the
Solar cells low efficiency of the cell becomes one. The most important issues concerning
single crystals c-Si solar cells the aim of this dissertation is to evaluate the effectiveness of
nanoparticles nanotechnologies, especially plasmonic metal nanoparticles (MNPs), black

silicon nanostructures (b-Si) and horizontal growth silicon nanowires
(SiNWs). Structures to increase the cellular efficiency of c-Si solar cells
through numerical simulations and experimental representations. Due to the
cost advantage of c-Si solar cells, nanotechnology makes it less costly than
other types of solar cell technologies with the same efficiency increase. We
investigate the optical and electrical properties of MNPs for c-Si solar cell
applications based on the finite difference time domain method. Simulations
are performed to optimize MNPs in terms of shape, size, surface coverage
and dielectric environment. Silver nanocubes with silicon dioxide (Si02)
substrate have been experimentally shown to increase cell efficiency by an
average of 7%.
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1. Metal nanoparticles
2, Silicon nanowires
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