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Abstract: Step refractive index (SI) multi-layer films were made using synthesized MMA/TFEMA copolymers having
different refractive indices, and the effect of adhesion strength at the interface on the optical transmittance characteristics
was investigated. It was found that SI multi-layer film having higher interfacial adhesion strength has similar optical trans-
mittance characteristics as gradient index (GI) multi-layer films. This characteristic was predominant in SI multi-layer
film having less refractive index difference between layers, and it was understood that the gradient refractive index has
been developed by the molecular interpenetrating to the interface due to the increase of adhesion strength. As a result,
the decrease of mode dispersion, the increase of bandwidth and less optical loss were found in SI multi-layer film having
less refractive index difference. The control of adhesion strength might be an effective processing parameter to make high
efficiency optical data transmittance device by using co-extrusion and lamination.

Keywords: step index multi-layer film, MMA/TFEMA copolymer, adhesion strength, optical transmittance.
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Table 1. Refractive Indices of Synthesized MMA/TFEMA
Copolymers

Copolymer Refractive index
(MMA/TFEMA) (n)
100/0 1.4816
90/10 1.4769
80/20 1.4702
75/25 1.4670
50/50 1.4548
25/75 1.4483
0/100 1.4321

Table 2. Refraction Angles and Refractive Index Differences
in the Layer of MMA/TFEMA Copolymer Multi-layer Films
(Incident Angle is 42.25°)

Multi-layer film Refraction Refractive index

(MMA/TFEMA) angle (°) difference
100/0-90/10 42.085 0.0047
90/10-80/20 42.014 0.0067
100/0-75/25 41.739 0.0146
75/25-50/50 41.819 0.0122
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Figure 1. Effect of interfacial adhesion strength of multi-layer
MMA/TFEMA copolymer films on refraction angle (Incident angle
is 42.25°).
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Figure 2. Simulated light path in multi-layer MMA/TFEMA
copolymer films: (a) high step refractive index multi-layer film
(100/0-75/25-50/50-0/100); (b) low step refractive index multi-layer
film (100/0-90/10-80/20-0/100).
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Figure 4. Mode dispersion as a function of adhesion strength after
100 m light path: (a) high step refractive index multi-layer film
(100/0-75/25-50/50-0/100); (b) low step refractive index multi-layer
film(100/0-90/10-80/20-0/100).
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