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We are able to observe a colour due to the interference of light from microstructures composed of different refractive
index materials that is comparable to the visible wavelength of light; such a colour is called a structural colour. Because
structural colour is fadeless and no energy is lost from the colour mechanism, structurally coloured materials are expected to
be used for energy-saving reflective displays and sensors. Previously, however, the word “iridescence” rather than “structural
colour” was used to describe the property of a surface that appears to change colour as the viewing angle or the angle of light
illumination changes. Thus, people who are aware of the concept of the interference colour have a strong impression that all
structurally coloured materials change hues when viewed from different angles, as indicated by the term “iridescence.” In
fact, most artificial structurally coloured materials that we and other groups have studied so far change their hue depending
on the viewing and light illumination angles because these structural colours are derived from Bragg reflection. Such angle
dependence presents a barrier for developing displays and sensors using structurally coloured materials. Therefore, my group
has been working to develop angle-independent structural coloured materials. The latest most notable ones are amorphous
array systems. In this report, I describe the fabrication and the optical nature of the low-angle-dependent structurally

coloured amorphous arrays.
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Schematic illustration of the spray method. Owing to the rapid

evaporation, the silica particles are dried before they reach the canvas,
and an amorphous aggregation state is achieved.
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Figure 2 a, Optical photographs of whitish structural-coloured membranes composed of 280nm silica
particles and 360 nm silica particles. b, The reflection spectra of the membranes shown in Figure 2a
obtained using the integrating sphere measurement. ¢, The transmission spectra of the membranes
shown in Figure 2a, which were measured at various incident angles relative to the surface of the
membranes. Inset: Plots of the position of the dip wavelength ( A min) versus the incident angle, 6.
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Figure 3 a, An SEM image of the membrane composed of 360 nm silica particles. b, A magnified view of
the red-framed region of the SEM image shown in Figure 3a. ¢, The two-dimensional Fourier power

spectra obtained from the SEM image in Figure 3b.
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Figure 4 a, Optical photographs showing the colour change in the membranes composed of 280
nm particles with varying amounts of CB and 360 nm silica particles with varying amounts of CB.

b, The reflection spectra of the membranes shown in Figure 4a obtained using the integrating
sphere measurement.
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Figure 5 Polarisation spectra of the structural-coloured membranes. a, A schematic of the instrumental
setup used for obtaining the co-polarisation (p-polarisation) and cross-polarisation (s-polarisation)
spectra. b, The co-polarisation and cross-polarisation reflection spectra of the membranes composed
of 280 nm silica particles with/without CB. c, Plots of the ratio of the co-polarisation and cross-
polarisation components to the sum of the co-polarisation and cross-polarisation components.
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Figure 6 The BRDF of spectra of structural-coloured membranes. a, A schematic of the setup used to obtain the BRDF.
b, Contour map of the reflected intensity versus the 6—¢ coordinate at the peak wavelength of the p-PBG for membranes
composed of 280 nm and 360 nm silica particles with 1.7 wt% CB.
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