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Abstract

To address the critical issue of energy depletion and environmental pollution that threatens human
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survival, solar cells represent an effective means of harnessing solar energy, a low-cost and envi-
ronmentally friendly clean energy source. However, photovoltaic devices are susceptible to the in-
fluence of solid particulate pollutants such as dust and powder, which can significantly reduce their
photoelectric conversion efficiency. Therefore, introducing a superhydrophobic self-cleaning film
on the surface of solar panels has become a potentially effective cleaning solution. Based on previ-
ous research and inspired by the microstructure of lotus leaf surfaces, we propose a hierarchical
self-cleaning structure composed of a highly transparent silica microporous film coupled with zinc
oxide nanorods. The designed film structure was numerically simulated using the FDTD method,
yielding three sets of data curves for transmittance, reflectance, and absorptance, as well as the
electric field distribution at different cross-sections within the film structure. The simulation re-
sults indicate that the film structure maintains super-hydrophobicity through its micro-nano hier-
archical composite structure while exhibiting excellent optical properties and strong feasibility for
widespread application.
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Figure 1. Macroscopic(a) and microscopic(b) structure of lotus leaf surface (source material from the internet)
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Figure 2. Schematic diagram of self-cleaning film structure design
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Figure 3. Schematic diagram of simulation model of control group (a) and experimental group 1 (b)
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Figure 4. Schematic diagram of simulation model for experimental group 2
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Figure 5. Complex refractive index data of ZnO
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Figure 6. Simulation model and position of each monitor
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Figure 7. Curves of transmittance T, reflectance R and absorptivity A of control group and experimental group 1 simulated by
FDTD method
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Figure 8. Simulated reflectance and transmittance curves of control group and experimental group 2
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Figure 9. Curves of simulated solar transmittance, reflectivity and absorptivity of experimental group 2 model
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Figure 10. (a) Experimental group 2 x-z plane; (b) The x-z plane simulated electric field distribution in the control group; (c) y-z
plane simulated electric field distribution; (d) (e) (f) The x-y plane simulated electric field distribution at z = 200 nm, z = 0 nm,
and z = —200 nm, respectively
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