














Supplementary Information for the Monte Carlo Simulations 
A sketch of the Monte Carlo algorithm is depicted in Figure 1 below. 
 

 
Figure 1. Sketch of the Monte Carlo algorithm. “Photons” are launched into the 3D LSC box from the top surface 
and the distance traveled until its next absorption is calculated. The route traveled by the photon over this distance 
is analyzed to confirm that the photon did not reach one of the LSC sides. The absorbed photon is reemitted 
probabilistically based on the QY in an isotropic direction (uniformly random angle cosines) with a wavelength 
sampled randomly from on the emission spectrum. The process repeats all the photons have either reached the 
PV cells where they are collected, escaped through the top surface, or lost due to non-radiative routes.  
 
 
The LSC is modeled as a box (450 nm thick) with the solar radiation on the top surface. A total of 
5 ∙ 10  photons are launched. Solar radiation is sampled from the terrestrial solar spectrum (Emery 
et al., 2000) in the range of 280nm – 850 nm and assumed to be Lambertian around normal 
incidence.  
 
Propagation distances inside the material are based on inverting the Beer-Lambert law (Şahin et 
al., 2013) using the measured absorbance and emission spectra (see for example Figure 2 below). 
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Above 760nm the measured absorbance falls within the noise level. Since the overall theoretical 
efficiency of the LSC is sensitive to this “cutoff wavelength”, we vary the absorption spectrum as 
exponentially decaying from its value at 760nm with a decay exponent that is fitted to the measured 
PL data. Photons absorbed by the material are probabilistically reemitted based on the measured 
QY. If reemitted, the phtons are reemitted in an isotropic direction (uniformly random angle 
cosines) with a wavelength that is sampled randomly from on the measured emission spectrum. 
 
Photons striking the top surface are randomly reflected or transmitted based on Fresnel 
transmission and reflection formulae for unpolarized light with a measured substrate refractive 
index of n = 1.7 to account for the ITO coating (the results are similar using n = 1.5). Snell 
reflection is employed on the bottom surface and at the top surface from within the box.  
 
The photons are monitored until they strike a side edge where they are collected by a solar cell, 
escape the top surface, or lost by non-radiative routes. The number of times each photon is 
(re)absorbed is recorded for generating the data in Figure 2 in the main text. 
 
 

 
Figure 2. Normalized measured absorption (blue) and emission (red) spectra for one of the sample materials. 
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