Fabrication of moth-eye-structured roll mold and application of moth-eye-structure
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1. Introduction
Display devices such as liquid crystal displays and digital signage are widely used in homes and public and commercial facilities. Main problem related to these devices is that visibility deteriorates because of the reflection of external light. To solve this problem, moth’s eye structured film is candidate. We have developed a method to fabricate moth-eye structure, which is irradiation of glassy carbon (GC) with oxygen ions. In this study, we have developed a fabrication method of large-scale roll mold. Using this mold, roll to roll (RTR) UV nanoimprint lithography (UV-NIL) was carried out. In addition, using moth-eye structure, we have also developed to fabricate rose-petal effect surface.
2. RTR UV-NIL for moth-eye structure
We used a sputtering process for forming a thin film of glassy carbon on a roll substrate and fabricated a moth-eye structure through the irradiation of oxygen plasma [1]. Fig. 1 shows an appearance of fabricated GC moth-eye-structure roll mold with a uniform reflectance of less than 0.1% over a length of 1560 mm. A superhydrophobic moth-eye-structured film was produced by RTR UV-NIL using the GC roll mold, which exhibited a reflectance of 0.1%. When the transferred large-area GC moth-eye-structured film was applied to window glass, significant anti-reflection and water-repellent functionalities were obtained as shown in Fig.2. 
3. Fabrication of rose petal effect surface using moth-eye structure
Beetle exoskeletons are composed of micropatterns with varying wettability (hydrophilic or hydrophobic). This surface can use water harvesting.  In this study, we propose a hybrid process that combines photolithography with UV nanoimprint lithography (UV-NIL). Photo-lithography is used to fabricate a resist micropattern on a nanopatterned substrate. In UV-NIL, the resist and UV-curable resin are released to fabricate micropatterns with different wettability. To realize this process, a resin compatible with photolithography and UV-NIL was developed. Fabrication process is shown in Fig. 3. Fabrication results are shown in Fig. 4. Inside of circle areas were made of SU-8 with fluorinated monomer, and needle like moth-eye structure was obtained. Outer circle area was made of UV-curable resin with fluorinate material and needle like moth-eye structure was also obtained. Moth-eye structure made of UV-curable resin with fluorine material plus SU-8 with fluorine monomer has CA of 152 degree and SA 180 degree. So, this surface can obtain both super hydrophobicity and water adhesion. This surface has rose petal effect. Using this surface, water harvesting is possible. 
4. Conclusion
We have developed mass-production of moth-eye structured film using RTR UV-NIL. The obtained hydrophobic moth-eye structure has good transparency at rain condition. We have also developed another biomimetics surface based on moth-eye structure. UV-NIL and photolithography combined process can fabricate two different resins area and obtained rose petal effect. 
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Figure 1. An appearance of fabricated                           
GC moth-eye-structure roll mold.
                                                                                    Figure 2. Large-area GC moth-eye-structured 
                                                                        film for window.
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Figure 4. Fabricated hybrid moth-eye structured film and results.
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