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Abstract A solar cell based on bottom-reflectivity-enhanced GaAs radial p-i-n junction nanowire array is proposed,
and its spectral absorption and photovoltaic performance are studied by finite-different time-domain method and
finite element method. The results show that replacing SiO, between the polymer and the substrate with MgF,
dielectric layer with low refractive index not only significantly reduces the absorption loss of the substrate, but also
significantly improves the optical absorptance of the nanowire array in the whole wavelength range. Moreover, the
photoelectric conversion efficiency of the solar cell can be improved to 13.9% by optimizing the thickness of i region
and the length of nanowire. This study provides a feasible way to realize low-cost and high-performance nano solar

cells.
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Fig. 1 Schematic diagrams of simulation structures. (al)(a2) Conventional nanowire array (NWA);
(b1)(b2) bottom-reflectivity-enhanced nanowire array (BRE-NWA)
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Table 1 Simulation parameters for GaAs nanowire
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Parameter Electron Hole
Minimum mobility /(cm® « V!« s 1) 2. 13610 21.48
SRH lifetime /ns 1 1
Effective density of state /cm? 4, 42X10" 8. 47X 10"
Auger coefficient /(cm® « s71) 1.9x10 % 1.2X10*
Surface recombination velocity /(em « s™') 10° 10°
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Fig. 2 The trend of device performance with the thickness of i region. (a) Conversion efficiencies of the devices with

different thicknesses of i region; (b) current density-voltage curve of the device when thickness of i region is 30 nm
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Fig. 3 Optical properties of NWA and BRE-NWA. (a) Reflectance; (b) absorptance; (c) transmittance;

(d) cross-sectional view of three-dimensional photocarrier distribution
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between the devices with two different structures
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Fig. 5 The trend of device performance with nanowire length. (a) Conversion efficiencies of the devices with different

nanowire lengths; (b) current density-voltage curve of the device with bottom-reflectivity-enhanced structure when

the nanowire length is 3 pm
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