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What is COLOR?

Color is the characteristic of human visual
perception described through color categories, such as red,
, green, blue, or purple. (From wikipedia)

This perception of color derives from cone cells in the human eye
when they are stimulated by the reflected (or luminous) light
from objects.
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Color generation

» Color and spectrum
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Pigment color
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Transparent Fish (Leptocephalus)




Bioluminescence

Chemical reaction: A+B-> C + .

Jellyfish
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Structural color

* |nteractions between light and photonic structures

Scattering

 Communication
» Courtship
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Photonic crystal structures

Si Diamond crystal structure
Photonic crystal:
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Mechanism for structural coloration
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Photonic crystals (PCs) in nature

1D PCs 2D PCs

3D PCs
(beetle) (peacock) (weevil)
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Parker et al., JEB 1998

Zi et al., PNAS 2003

Welch et al., PRE 2007
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Photonic crystals (PCs) in nature

« Brazil morpho
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Properties of structural colors

Color varies with different observation angles | 2nd cos6 = N A
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H.Yin, Phys. Rev. E (2006)
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Properties of structural colors
Color changing with angle




Properties of structural colors

Polarization dependence

Jewel beetle

Brilliant green color
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Properties of structural colors
Active color change

Parameters

» Refractive index
» Period (thickness
» Observation angle

Relaxed -------- Excited Excited -------- Relaxed
Green Red Yellow Red Yellow Green

A A e erey J. Teyssier, nature comm. (2015)
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What about amorphous photonic
structure colors?




Amorphous photonic crystals in nature

Slesers
| Periodic | _Amorphous _

Long-range order Yes No

Short-range order Yes Yes
Iridescence Yes No

Parrot feather Amorphous diamond structure
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Amorphous photonic crystals in nature

Greenish
white
stripes
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A Sunday Afternoon on the Island of La Grande Jatte

Georges Seurat 51859 - 18912
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Longhorn beetles

Spectra and structure analysis of Colored Scales
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Artificial structure color
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Fabrication methods

* Inversion from templates
v Easy, low-cost
— limited by templates

« Self-assembly
v" Low-cost
— Limited kinds of materials

* Nanofabrication
v" Targeted, controllable, friendly for imaging processing
— Expensive, easy for 2D but difficult for 3D

Aalto University
School of Electrical
Engineering



Inversion from templates

Beetle Sphingnotus mirabilis

Reflection

A Sehool of Elecyical Y. F. Zhang et al., Bioinspir. Biomim (2013)
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Inversion from templates
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Potential applications in photonics

Inverted structure
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Enhance light extraction from OLED
Nature photonics 4, 222 (2010)
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Scalable Inkjet-Based Structural Color
Printing by Molding Transparent Gratings

inkjet head
TiO, NP

red layer / stacked layers full-color pattern
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A A e ACS Nano, 12,3112 (2018)
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Self-Assembled Films Display structure color
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Self-assembly

Single-size spheres

Electrostatic repulsive force

Photonic crystal

P.D. Garcia et al., Adv. Mater. 19, 2597 (2007)
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Dual-size spheres: 226 nm & 271 nm

Amorphous photonic structure

J. D. Foster et al., Adv Mater. 22, 2939 (2010)




Self-assembly

* Using PS spheres, and cuttlefish ink as an additive

Dried cuttlefish ink Ink particles ~ 110 nm

Advantages
2 Non-spherical shape, easy to attain amorphous structures
o Broadband absorption, enhancing color visibility
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Self-assembly

A

Simple procedure:
Mixing PS spheres and ink particles in water

Drop onto a substrate
Wait for drying
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Ink particles

200-nm PS spheres + ink particles



Octopus is changing:
PATTERN
COLOR
BRIGHTNESS
TEXTURE
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