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Abstract

This paper addresses effects of nanoscale structures on structural colors of micropatterned transparent substrate by light diffraction.
Structural colors is widely investigated because they present colors without any chemical pigments. Typically structural colors
is presented by diffraction of light on a micropatterned surface or by multiple interference of light on a surface containing
a periodic or quasi-periodic nano-structures. In this paper, each structural colors induced by quasi-periodic nano-structures, periodic
micro-structures, and nano/micro dual structures is measured in order to investigate effects of nanoscale and microscale structures
on structural colors in the transparent substrate. Using pre-fabricated pattern mold and hot-embossing process, nanoscale and
microscale structures are replicated on the transparent PMMA(Poly methyl methacrylate) substrate. Nanoscale and microscale pattern
molds are prepared by anodic oxidation process of aluminum sheet and by reactive ion etching process of silicon wafer,
respectively. Structural colors are captured by digital camera, and their optical transmittance spectrum are measured by UV/visible
spectrometer. From experimental results, we found that nano-structures provide monotonic colors by multiple interference, and
micro-structures induce iridescent colors by diffraction of light. Structural colors is permanent and unchangeable, thus it can
be used in various application field such as security, color filter and so on.
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Fig. 1 Schematic drawings of (a) microscale diffraction grating.
(b) firtree-shaped microstructures in ridge structures on the wing
of Morpho butterfly, (¢) 3D photonic crystal structure, (d)

disordered nanochannel arrays.
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Table 1 Lists of test samples and their specification

No. Nanopillars Micrograting |  Comments
N L100 g 100~150 nm - Monochromatic
N LI5S0 |AR < 1|g 150~200 nm - Monochromatic
N 1200 g 200~250 nm - Monochromatic
N _H100 g 100~150 nm - Monochromatic
N HI50 |AR > 1|g 150~200 nm - Monochromatic
N H200 g 200~250 nm - Monochromatic

M2 - - sq. width 2 ¢m|  Iridescent
NM HI50|AR > 1|g 150~200 nm|height 1.5 tm| Iridescent

000000

000000
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Q O O O QO

Fig. 2 Classification of test samples having disordered

nanopillars, periodic micrograting, and both structures.
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Fig. 3 SEM images of nanohole amrays molds for nanopillar
arrays; (a) N_L200(AR<1, g=200~250nm), (b) N_L100(AR<1,
¢=100~150nm) (c¢) N_H200(AR>1, g=200~250nm), (d)
N_H100(AR>1, g =100~150nm)

e

Fig. 4 SEM images of nanopillar arrays on the transparent
PMMA sheet and their structural colors; (a) N_L200, (b)
N_L100 (¢) N_H200, (d) N_H100
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Fig. 5 Iridescent structural colors of light diffraction on
microgating patterns; (a) SEM image of micropattern amays, (b)

schematics of experimental setup, (c) green-tone structural
colors at micrograting angle of 30°, (d) red-tone structural
colors at micrograting angle of 60°.(Sample No. M_2 in Table

Sample No.NM_H150  8=30° Sample No.NM_H150  B8=60°

Fig. 6 Iridescent structural colors of light interference and
diffraction on nanopillar arrays and microgating patterns; (a)
green-tone structural colors at micrograting angle of 30°, (b)
red-tone structural colors at micrograting angle of 60°. (Sample
No. NM_H150 in Table 1)
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Fig. 7 UV/visible light transmittance spectrum of a micrograting
and micrograting with nanopillar arrays for different diffractive
angle.
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