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Study of Cross-Sectional Design of Interference-Colored Fiber Based on the Color-
Producing Mechanism of Morpho sulkowskyi Butterflies

Hiroshi TABATA, Hidekazu TAKAHASHI and Kinya KUMAZAWA

Materials Research Laboratory, Nissan Research Center, Nissan Motor Co., Ltd., 1, Natsushima-

cho, Yokosuka 237-8523

The mechanism producing the brilliant tropical blue color of male Morpho sulkowskyi indigenous
to South America is attributed to the micro-optical structures of their wing scales. The dominant
factor of this color-producing mechanism is reported to be interference. This paper is the first to
report a biomimetically designed cross-sectional structure for the development of interference-
colored fibers based on a multilayer thin film consisting of two polymers having different re-
fractive indexes (for example, polyethylenenaphthalate=PEN, nylon-6=Ny-6). The relation
between nano-scale size errors in cross-sections of fiber and optical properties was investigated
by optical simulation. As a result, a basic cross-sectional design was obtained that can be used in
developing the technology for manufacturing interference-colored fibers.
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Fig. 1 Wings of male Morpho sulkowsky:.
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Fig.2 SEM view (A) and sectional structure model (B)
of cover scale of upper surface of male Morpho sulkowskyi.
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Fig.3 Calculated example of reflective spectra of the
optical structure model and measurement of the cover
scales of male Morpho sulkowsky: with a microscopic
spectrophotometer.
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Fig. 4 Constitution of multilayer model based on differ-
ence of the outermost layer. (A) Substance of the outer-
most layer is PEN; (B) Substance of the outermost layer
is Ny-6.
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Fig. 5 Effect of reflectivity on the number of layers of
multiple layer model. (A) Outermost layer is PEN; (B)
Outermost layer is Ny-6.
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Fig. 6 Effect of reflectivity on the thickness of clad layer
based on multilayer models. (A31Ny/C) 31 alternating
layers of PEN and Ny-6, with Ny-6 clad layer; (B61PEN/
C) 61 alternating layers of Ny-6 and PEN, with PEN clad
layer; (A61Ny/C) 61 alternating layers of PEN and Ny-6,
with Ny-6 clad layer.
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Fig.7 Cross-sectional structure model of the light
interference-colored filament. Calculated factors are aver-
age density of filament=1.2 g/cm®, npexy=1.63, 7yy—s=1.53
and thickness of filament=10 dtex/f.
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Fig.8 SEM view of fine cross-sectional structure of light
interference-colored typical filament.

2.3 FTHREHFRIIRIITHEETIEEBENTE

RAE, — MM & T v 2 RS R 3 % a5
T2EE, 28 2RO A Y 4 — 5 — QBN fEEE
FEFREO BRI ZREESFRSNS.

AT FEREEFRCRIZTEETOBREIX S DS D

I

K

Table 1 Calculated reflectivity at the peak wavelength (47010 nm) for positions having layer thickness variation in case of

B61PEN/C.

Constitution of multilayer model

Reflectivity | R|?

26° 0.020 0.040
]

1st-5th PP 0.95 0.92
W

1st-5th P, 26th-30th P f ) 0.92 0.82
et |

6th-10th P mmmml 0.94 0.88
j‘l

6th-10th P, 20th-25th P mmm 0.90 0.67

11th-15th P

1
]
]

11th-15th P, 16th-20th P AR 0.86 0.77

Constitution of multilayer model: Hatched blocks have layer thickness variation (2¢). Residual blocks consist of layers having
designed thickness. ¢ means the standard deviation of the Gaussian distribution. *P means a pair of PEN and Ny-6 layers.
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