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Elucidation of strengthening mechanisms of small-scale metallic materials based
on nanoscopic observation of deformation and fracture processes
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To clarify the correspondence between the macroscopic and microscopic
mechanisms of deformation and fracture and strength of small-scale metallic materials, tensile,
fracture toughness, and fatigue crack propagation experiments were conducted on submicrometer-thick
freestanding copper thin films. The resistance to plastic deformation of the polycrystalline copper
thin films depended on grain size as well as film thickness, and showed a tendency for grain
boundary strengthening that varied with film thickness. The microscopic deformation and fracture
processes in front of the crack depended on the microstructure, which in turn affected the
macroscopic crack initiation strength and crack propagation properties.
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