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Fig.1 Appearance of morpho menelaus
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Fig.2 Color change process of wing scales: (a) initial state, (b~d) metastable state, and (e~f) recovery state
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Color of wing scales changed with light conditions:

Fig.3

(a) macro scale with original scale and (b) micro scale

a
---=-- Alcohol liquid filling
Initial state (in air)

~
o
T

Reflectivity/%
P N W b O o
o O O O O O

o

Wavelength/nm

400 500 600 700 800

T OB A TS WA GRS I, AT W61 R AE I 5
WAL T 470 nm KA, AT 420~470 nm 3 0] WO
55 470~500 nm 75 €4 0] WL PR DX JR] 1R 28 S Ak, R AIE 6 5
JEH 69.5%. UEIMY; 2RI IEE AR, AT OG R Y
REAE S S W47 T 555 nm K4k, /T 500~570 nm 4§
] WOGIX ], FRAEWESRFEA 44.5%. % SR GG
AR5 KW Nk 2 AR EEY
B o W 5 ) €00 T A T DL I i e R ) e v W L OB B
D505 6 AN TR K e ik 1) 22 AL RO R . AR 2
T e P22, SR BRI I R ) B T R
[F1) Bt 2 {68 0% v s 45 4 1) S5 0 IR BE S R, T 2
FOUE S S SR AR R AR AL R, IR T Y SO Y
e AE PR I X M Bt e X . dhah, Kl
VA B2 5 0% 30T 4T A Bt 3R I s S S 1 AT
M, AMUAE L SR MRS AL T 1.1~2 um
X 18] ) 21 4 S S 2 ] 1k 50%~55%, T HLT 241 4k Bt
S FEE R B R A B AT 2 A B, R
N g R B R T A e B e RE, & T
P )BT TR AR 0 A R SR e 3 B 475 A A Rk

70 b
---=- Alcohol liquid filling
Initial state (in air)

60
50+
40t
sof T )

20}/ ST
10t

800 1200 1600 2000 2400
Wavelength/nm

4 SBEEAENT WL OG- 3T 21 M B K S SO T

Fig.4 Reflectance spectra of wing scales: (a) visible band and (b) near infrared band

3 KIEERHERHBERY NG

R DA 4o Bk 10 45 ) €8, S LB S AR R e B B Th
REARFIE B T HORE T IR R AR TN R R G o 0 [X H B
Fr 53 A R S5 AN B 5 Bios . Gl 5a B, 12 0%
HICREEML T KT, ¥RE ORGP H. K
R LR K /T 165~190 pm, FEJF 80~90 ym; F
FEPREEF K AT 185~200 um, FE/E AT 55~70 um. K
W A R i B P ()RR R A A 0 S L B 7 2, R
BKIE . BIEE TR R D RE . 8] Bb it b2 %
fi i 2R THT SR AR 4 K » 1T S¢S WS R J2 ) 5 H4) et 3 T
JRITRAE R . PSS R R T ER N [7] 43 A7 B I ALFAT L4 ()
FiEgEkes Ery Al L 7 TR Y =S vk s et 3Pl EI U] EIFIEDN

TIRES O . a5 RVE2 b B S % 60R A
S, TR T REASE . Wil sb fits, LEE e IE
SERTEIEZ) 0.2 mm, BEMZAIEEEY 3mm. FRE
B % Py A5 R AR U HERR 254, A0 2 e %
BERUE TUIRII LA . BT 1235 5 1 25 A T
AT SRR ISR, TR T B ) HIC 2R R A s R
F, TR Bl st A i = 2 K €y 1R SR AR
Wil 5¢ fr, JRJEZE M S E M TE L) 0.3 mm,
B EEM 2 TR BS 29 0.6 mm . JEE 2 25 1) (0 B 1 2 T o kS
(1 P S5 MR A, DL R A 5 45 44 2 1] AR B/
ARG, TR0 K4l RARAT S e &5, A
1M 51 & A B T3, 3 — D358 1 ke mr L
T B I B B



55 4 F AR KU INRSHEBERAN SR KDE 2 SRR 7

+ 1929 -

K5 SR HES U7 5 R

Fig.5 Surface structure of wing scales: (a) arrangement of scales, (b) transparent scales, and (c) structural color scales
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Fig.6 Cross section structure of structural color scales
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(b) bionic model
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Fig.8  Simulation of visible light reflection characteristics:

(a) alcohol filling discoloration and (b) iridescent effect
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Fig.9 Simulation of near infrared light reflection characteristics
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Study on the Optical Stealth Characteristics of Micro/Nano Structure of Morpho
Menelaus Wing Scales

Wang Long, Wang Liuying, Liu Gu, Yang Nengjun, Ge Chaoqun, Xu Kejun, Wang Weichao
(Combat Support Academy, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: To explore the optical functional characteristics and bionic application potential of morpho menelaus wing scale, the responsive
optical performance test and microstructure characterization were carried out, and the visual bionic model of wing scale was constructed.
Furthermore, the mapping relationship between the multi-scale hierarchical micro/nano structure and the response functional
characteristics in the visible and near infrared bands was revealed. The results show that the upper and lower scales of the wing have
periodic fine structures, and the ridge structures are stacked into comb-like stack structure and tower-like grating structure by chitin
lamellae, respectively. Rayleigh scattering, multilayer interference, photonic band gap and other optical effects make it with sensitive color
changing response characteristics to the changes of external media filling and light incidence angle. Moreover, the reflectivity of near
infrared band is adjustable. The unique optical properties of morpho menelaus wing scale can provide a new idea for the development of
bionic stealth functional materials and components with adaptive color change and variable emissivity.
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