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Development of 3D Micro-Nano Hybrid Patterns Using Anodized
Aluminum and Micro-Indentation
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Abstract

A simple method for the fabrication of 3D micro-nano hybrid patterns was presented. In conventional
fabrication methods of the micro-nano hybrid patterns, micro-patterns were firstly fabricated and then nano-
patterns were formatted on the micro-patterns. Moreover, these micro-nano hybrid patterns could be
fabricated on the flat substrate. In this paper, we suggested the fabrication method of 3D micro-nano hybrid
patterns using micro-indentation on the anodized aluminum substrate. Since diameter of the hemispherical
nano-pattern can be controlled by electrolyte and applied voltage in the anodizing process, we can easily
fabricated nano-patterns of diameter of 10nm to 300nm. Nano-patterns were firstly formatted on the
aluminum substrate, and then micro-patterns were fabricated by deforming the nano-patterned aluminum
substrate. Hemispherical nano-patterns of diameter of 150nm were fabricated by anodizing process, and
then micro-pyramid patterns of the side-length of 50um were formatted on the nano-patterns using micro-
indentation. Finally we successfully replicated 3D micro-nano hybrid patterns by hot-embossing process.
3D micro-nano hybrid patterns can be applied to nano-photonic device and nano-biochip application.
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Fig. 1 Schematic illustration of 3D micro-nano hybrid
patterns

Step4: Indentation

Step2: Anodizing

Fig. 2 Fabrication process of the 3D micro-nano hybrid
pattern mold using Anodized Aluminum
Oxide(AAO) and micro-indentation
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Fig. 3 SEM images of the anodized aluminum substrate
with nano-hemispherical patterns
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Fig. 4 SEM i 1mages of the micro-pyramid patterns using
micro-indentation method on the anodized
aluminum substrate (applied loads were 25g;
and 50gg)

Fig. 5 SEM images of fabricated 3D micro-nano hybrid
pattern mold: (a) Micro-pyramid patterns; (b)
Edge shape of the micro-pyramid pattern; (c)
Enlarged view of the inclined region of the
micro-pyramid pattern; (d) Enlarged view of the
outside of the micro-pyramid pattern
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Fig. 7 Hot-embossing condition for the replication of
micro-nano hybrid patterns

Fig. 8 SEM images of the replicated 3D micro-nano
hybrid pattern on the PC substrate (31MPa,
175°C): (a) Replicated micro-pyramid patterns;
(b) Enlarged view of the edge of the micro-
pyramid pattern; (c¢) Enlarged view of the
inclined region of the micro-pyramid pattern; (d)
Enlarged view of the outside of the micro-
pyramid pattern
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Fig. 9 SEM images of the replicated 3D micro-nano
hybrid pattern on the PC substrate (31MPa,
180°C)
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