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Research on Optical Properties of Hierarchical Structure in

Butterfly Wing Scales Based on Rigorous Coupled-Wave Analysis
Abstract

Yang Xuefeng Shi Tielin Zuo Haibo Jiang Xuan Liao Guanglan
(State Key Laboratory of Digital Manufacturing Equipment and Technology

Huazhong University of Science and Technology, Wuhan , Hubei 430074, China)

The iridescent blue color of Morpho butterfly can be found from far. This is a typical structural color,
mainly caused by several elementary optical processes with the ordered arrays of micro/nano structures including
multilayer interference, diffraction grating. light scattering. etc. A general design tool based on the rigorous

coupled-wave analysis (RCWA) for diffractive optical structures is employed to construct a two-dimensional model
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that mimicks the wing scales. The influence of the structural parameters on optical properties is systematically
analyzed, including the horizontal duty ratio of the bottom dielectric element, the width difference of the adjacent
dielectric elements, the vertical duty ratio of the dielectric element, and the angle between the spine and the base.
The mechanism of the structural color is then revealed. The results can be used to steer the design, manufacture and
applications of the bionic micro/nano structures/devices for environmental detection.
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section through a ground scale; (b) analytical model
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Fig. 4 Comparison between simulation results and experimental results. (a) Reflection spectra;

(b) color variation displayed in CIE1931 two-dimensional chromaticity diagram
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Fig. 5 Influence of the horizontal duty factor k; of the bottom dielectric element to the reflection. (a) reflection spectra;

(b) color variation displayed in CIE1931 two-dimensional chromaticity diagram
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(b) color variation displayed in CIE1931 two-dimensional chromaticity diagram

0733002-4



BT

B TR R S e RS 1Y) WA 098 ) 20 5 R Dl o R T 5

3.3 NRENEDEAHLSSLHZME

A3k, H0.2,0.3,0.4,0.5,0.6,0.7, 1
A 5 BA T R B B 42,63,84,105,126 F1 147 nm,k, =
0.75,6=30 nm.a=90", TM iz T 4k 8 i A5 5|
BEAL TR 1 A5 RN 7 iR, X b, =0. 2 B, 41
R S5 3 0 32 B4 F 405~465 nm I Bt . W {E
H0.612524 b, =0. 3 I, S TE P 0 2 415~
490 nm Y B IR (I INE] 0. 692k, K F] 0. 4 B, K
SECTE WAL T 425~505 nm Y% B P WE{E 4K S 19 2
0. 7185k, ¥GINE] 0.5 B, 525 15 b 0 g % 3] 435~
520 nm K EL L WE(E R 0. 7195k, EZEHE K 0.6, K5
T 6 R A% 2 450~530 nm B I {E K /N F] 0. 690
ko EIME 0. 7, RS 6T i WA T+ 470~540 nm % B

1015 —y

0.8

Reflectivity

O > '\
400 500 600 700
Wavelength /nm

DL UM Ak S8 /N 0. 610, L F&5SRAT LB W,
e TM BTN B ko (193G 0. 5563 19 8 04 25
FEHE KGN L AH N I B 56 AR B JE AR S WA 0 1)
BEBK M. ¥o6Eth Ze4% 164 CIE1931 — 4k
o 55 T e 6 (A A Ak AL 7 (b) TR L Y ks DA
0.2 BBIGH] 0.7 B By 0 8 e B B K0 AR )5
R WL WS BBk, e o sk, Y
ky REF0.5~0. 6 Z [ B, {7 B 45 5 % B (9 3t 5
A5 S X8 I 1 B0 €0, B oA 2 30 4 T X G o ] o s
b ko 25T 0.4 F0 0. 7 B, 0 BS503R 45 SR I 22 5
Ko ATUL Ry 1 DR AIE £ ) 5 ks 3o 45 g A Y 114) 25 4y £
AR A SR ) JE 0 S ks BEZTE 0. 5~
0.6 #EHL,

1.0
(b)
0.8} G,
0.6 e I
> x<—{.7 :
0.4+ X experimental oo

o

0.2 |-\ " e

result

0 0.2 0.4 0.6 0.8
X

7 AR m R 5 28 b ke WP CEHREE MR . (0 AR I 2 5 (b) CTE1931 2 0 J32 ] rp e 1o 119 130 €5 25 4k

Fig. 7 Influence of the vertical duty factor k, of the dielectric element to the reflection. (a) Reflection spectras;
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