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Abstract The silicon nanocone structure bio-inspired from the protuberances on the cicada wing is studied for its
anti-reflection and light-trapping property. The average reflectivity of the nanocone can be reduced to 1% in the
spectral range of from 300 nm to 1200 nm with optimal parameters of 150 nm bottom radius and 500 nm height.
The optimized nanocone structure is compared with the slab structure and nanorods structure with the same
parameters. The superior anti-reflection and absorption properties are further demonstrated by reflection curve,
electrical field intensity distribution, absorption per unit volume and electron generation rate distribution. The

simulation result may provide guidance for the design of anti-reflection and light-trapping microstructure in silicon

photovoltaic devices.
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Fig. 1 (a) Photograph and (b) SEM image of cicada wings; three-dimensional schematics of (¢) nanocone, (d) slab and

(e) nanorods structures; (f) parameters setting of unit cell
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Fig. 2 (a) Reflection curves of nanocone structure with L increasing from 100 nm to 1000 nm, S is fixed at 150 nm;

(b) scatter diagram and fitting curve for (R) and L
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Fig. 3 (a) Reflection curves of nanocone structure with S increasing from 50 nm to 500 nm, L is fixed at 600 nm (red
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dotted arrow represents the direction of the reflection peak redshift with increase of S); (b) contour plot of average

reflection for nanocone as a function of L and S(black dotted line indicates contour line of (R) =0.10,0.05,0.01)
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Fig. 6 (a) to (¢) Energy absorption density and (d) to (f) electrons generated velocity distributions
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