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In this work, we present first-principles predictions of light propagation processes and

harmonic generation by semiconductor nanostructures using the multiscale computational

method combining electromagnetics and quantum mechanics (electron dynamics) simulations;

we employ the first-principles time-dependent density functional theory (TDDFT) and the
semiconductor Bloch equation (SBE). The comparison of TDDFT and SBE methods for the

light propagation calculations in silicon nanofilms shows good agreement and successfully

describes the harmonic generation. In addition, to demonstrate two-dimensional space calcu-

lation, we investigate the enhancement of harmonic generations in the silicon nanostructures

(nanocylinder array) and analyze the influence on the geometrical parameters; we find the

optimal radius of nanocylinder R = 20 nm at w = 1.55 eV incident. Furthermore, the en-

hancement mechanism is investigated by the spatial and frequency domain analysis.
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