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Design of Bio-Inspired Morpho Butterfly Structures for Optical Sensor Applications
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Various species of insects display vivid colors, widely known as ‘structural color’ due to their
optical interference. Morpho butterflies are famous for their brilliant iridescent colors, which arise
from the photonic-nanostructures of optical interference on their wings. In this paper, we outline
the results of a comparative study of the optical properties of bio-inspired Morpho butterfly
structures with the widely known Distributed Bragg Reflector (DBR), conducted using a rigorous
coupled-wave analysis (RCWA) method for the two structures. Almost analogous tendencies
were observed for both Morpho and DBR structures. With variation in the surrounding media,
however, Morpho structures showed an obvious peak shift while no significant changes were

observed in DBR, which can be applicable.

KEYWORDS: Morpho butterfly (223 LtH|), Photonic crystal structure (& Z3d +Z), Optical sensor (& MlA}),

Biomimetics (M &l 224 7| =)

71243

A= Wavelength
n= Refractive index
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Fig. 1 Schematic illustration: (a) DBR structures, (b)
Morpho structures used in the calculation, (c)
Image of a Morpho butterfly and cross-sectional
SEM image of wings scales'” (Adapted from Ref.
12 with permission)
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Fig. 2 Reflectance curves for two different structures
(Morpho structure and DBR)
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wavelength (at 450 nm), (b) Low reflectance
wavelength (at 530 nm) and Morhpo structures
for (c¢) High reflectance wavelength (at 450 nm),
(d) Low reflectance wavelength (at 503 nm)
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Fig. 4 Reflectance curves of two different structures ((a)
DBR, (b) Morpho structure) with varying
surrounding indices (From 1.0 to 1.1 with 0.02
steps), (¢) CIE plots of reflectance spectra for
DBR and Morpho structure, Arrows indicate

directions for surround index increment
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Fig. 5 Contour plot of the reflectance spectra of Morpho
structures as a function of surrounding indices
with varying number of lamella ((a) 4, (b) 6, (¢) 8,

(d) 10)
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