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A ciliary actuator is a type of microactuator that is a kind of bio-mimetic [1, 2]. Since conventional ciliary actuators had microcantilever structures driven by the electrostatic force power, these systems had complicated and large structures. In this study, we attempted to fabricate high formable shape memory alloy (HFSMA) nano/micro cilium structures to develop shape memory alloy cilium actuators that are driven by simple heating with simple structure and can transport smaller objects than conventional cilia actuators. 
Figure 1 shows the fabrication process of nano/micro cilium structures. Since amorphous Ti-Ni-Cu HFSMA is metallic glass and shows viscous flow in the supercooled liquid region, nano and micro cilium structures were fabricated by a thermal nanoimprinting using anodic aluminum oxide (AAO) mold and Si mold, respectively. HFSMA sample and mold are heating up to around 700 K in a vacuum. And then, samples are pressed by the mold under 5 kN. After cooling to room temperature, each mold is dissolved by chemicals because it is difficult to demold from the samples.
We investigated the fabrication conditions of the HFSMA nano/micro cilium structures. As a result, HFSMA nano cilium structures were successfully fabricated. Figure 2 shows the SEM image of the nano cilium structures. The used sample was HFSMA ribbon fabricated by a melt-spun method. Since the flatness of HFSMA ribbon and AAO mold was so bad, the contact area was limited to a part. Then, the imprinted area of nano calcium was so narrow. The fabricated structures have diameters of 250 nm and lengths of approximately 2 mm.
Figure 3 shows the SEM image of the micro cilium (pillar) structures. The used sample was HFSMA sputter-deposited film on the Al2O3 substrate. The imprinted area was the same as the mold pattern since the flatness of the HFSMA film and Si mold was fine. The fabricated structures have diameters of 20 mm and lengths of approximately 2 mm.
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Fig.1 Thermal nanoimprinting process of cilium structure using high formable shape memory alloy
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Fig.2 Nano cilium structures
Fig.3 Micro cilium (Pillar) structures
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