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Development of moth-eye type antireflective coated

microstructures in terahertz region
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(Nagoya Institute of Technology)

Abstract :

The effect of coatings on the antireflection properties of moth-eye structures was evaluated by
simulation using the electromagnetic field analysis software HEF'SS. Silicon dioxide coatings on
silicon moth-eye structures improve the antireflection properties. The uncoated moth-eye structure
showed a 54.7% improvement in antireflection properties compared to the unprocessed flat surface
in the frequency range of 0.1 to 1.25 THz. Coating the moth-eye structure with a thickness of 40
pm improved the improvement to 78.6%. In general, the antireflection effect of a moth-eye
structure increases with increasing aspect ratio, and it was found that an aspect ratio of 2.1 is
necessary to fabricate a moth-eye structure that shows the same level of antireflection improvement
as the coated moth-eye structure. We have experimentally demonstrated that structures with this
high aspect ratio are mechanically fragile and the protrusions are easily broken. Therefore, in
order to evaluate the mechanical strength of the moth-eye structure, we performed a stress
evaluation when force is applied to the slope of the protrusions using the finite element method
with COMSOL. Calculation of the stress distribution when a pressure of 1 MPa was applied to the
slope of the protrusion revealed stress concentration at the bottom of the protrusion. In addition,
the von Mises stress of the coated moth-eye structure was 0.29 times higher than that of the

uncoated moth-eye structure, making it clear that the coated structure has higher mechanical



strength. Silicon moth-eye structures coated with titanium dioxide were fabricated and their
transmission and reflection spectra were evaluated. In the frequency range up to 0.5 THz, all
coated moth-eye structures showed higher anti-reflection properties than those without coating.
The decrease in anti-reflection properties in the high-frequency band is thought to be related to
the absorption of terahertz waves due to oxygen vacancies in the coating, but this can be improved
by thermal annealing. The coated moth-eye structure demonstrated improved anti-reflection
properties in the next-generation high-speed communication (6G) band. In the future, it is expected

to contribute to vehicle-to-vehicle communication and remote surgery in autonomous driving.
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