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Production of thin film consisting of metal nano-helices and hierarchical
elucidation of the novel mechanical properties
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In order to produce nano-helices from copper (Cu) by glancing angle deposition
(GLAD), a vacuum evaporation system capable of both cooling a substrate and measuring its temperature was
developed. Using this system, a thin film consisting of arrays of Cu nano-helices was successfully formed
on silicon substrates by maintaining the substrate temperature at Ts/Tm < 0.22 (Ts: substrate
temperature, Tm: melting temperature of target material). Additionally, the mechanical ?roperties of
nano-helices were examined. Although the nano-helix produced by GLAD possessed high yield stress, its
elastic deformation property was governed only by the shape. The thin film consisting of Cu nano-helices
exhibited large allowable fracture strain, and did not show fatigue fracture at N = 1x 10 6 cycles.
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Fig.4 Arrays of Cu nanostructures
deposited at substrate temperatures
of (a) 453 K, (b) 353 K, (c) 323 K,

(d) 300 K, and (e) 253 K.
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Fig. 5 X-ray diffraction pattern for a
layer of Cu nano—helices produced at
7. = 300 K.
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Fig. 6 (a) Nanostructures formed by GLAD as
a function of 7,/7, and (b) structure
zone model (SZM) for solid films with
a normal deposition flux®.
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Fig.7 SEM image of Cu nano—helices of
loading test.

Fig. 8 (a) SEM observation images of a
nano—helix during experiment, and
(b) after fracture.
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Fig. 9 Load-displacement curve.
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Fig. 10 SEM observation image of thin film
consisting of Cu nano—helices for

monotonic and cyclic loading
experiments.
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Fig. 11 Load-displacement curve.
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