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Influence of nanostructure geometry on the effect of light trapping in solar cells
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In recent years, there has been a high demand for the development of next generation solar panels with greater efficiency, longer life, and cheaper cost. Among the losses affecting the efficiency of solar cells, one should distinguish optical and electricity losses [1]. To boost the efficiency of solar cells, the reflection coefficient should fall to 10% or less. Another way to improve light efficiency is light trapping [2]. Silicon nanotips with nanoparticles have the ability to trap light due to plasmonic resonance. Recently, researchers have actively studied silver nanoparticles and nanotips to improve the performance of solar cells. Solar cells, based on one-dimensional nanomaterials and nanostructures, such as nanoconductors, nanorods, and nanotubes, are of interest in absorption and reflection.
The goal of this research was to detect the influence of the geometry of nanotips and silver nanoparticles on the plasmon light trapping and its effect on the efficiency of solar cells with a radial p-n junction.

Si NWs array was fabricated on of p-type (100), with resistance of 10 Ohm×cm. We used MacEtch to form Si nanotips. Before etching process, the samples were sequentially purified in isopropyl alcohol (IPA), deionized water (DW), peroxide-sulphur solution (Н2SO4:Н2О2 = 1:1 (vol.), 10 min) with followed washing in DW. After that, for the removal of natural oxides, the samples were immersed in the 40% HF solution for 2 min. The mechanism of SiNW formation involves two subsequent processes: (a) deposition of Ag nanoparticles on the Si surface immersing them in the solution 5MAgNO3 + HF + 100 ml H2O and (b) catalytic etching of Si at the sites where the Ag nanoparticles have been deposited in the solution H2O2+ 100 ml H2O + HF. As a rule, after second stage, the samples were immersed in the solution H2O2 + HNO3+H2O (1:1:4), during t = 30 min or more to complete washing silver nanoparticles [21]. In our study to leave the silver nanoparticles on the surface of the nanotips, the flushing time was reduced to 10 min.
The morphology of the etched samples and the size of the nanotips were determined using scanning electron microscopy (SEM: model LEO440UP, Hitachis - 4800). We measured reflection using the spectrophotometer (Shimadzu, model UU3101PC). The reflectance measurements took place five times at different areas on the each sample.
In our studies, the absorption, transmittance and reflectance spectra for periodic nanostructures with different parameters were calculated by the FDTD (Finite-Difference Time-Domain) method. The FDTD method is a powerful numerical algorithm for direct solution of Maxwell's equations. The realization of this method is discrete both in space and in time.  The time step is chosen to provide numeric stability and is related to the size of the grid.  The presented structures are described on a discrete mesh consisting of Yee cells  and the Maxwell equation is solved discretely over time on this grid.
As a result, through the method of the catalytic etching, we obtained nanotips of 1 to 2 μm in length and an average diameter of 50-100 nm. The average diameter of silver nanoparticles is in the range of 20-50 nm. The reflection coefficient is less than 1. Reflection spectra peaked at the wavelength of 850 nm. The photoelectric properties of solar cells based on silicon nanotips with radial p-n junction with and without silver nanoparticles were also subject to our investigation.
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