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【Purpose and Background of the Research】 

Mechanical properties and strength of 
polycrystalline metallic thin films in the thickness 
range of 10 nm – 1,000 nm (or metallic nano-films) 
strongly depend on film thickness. This is due to 
the enhanced constraint of dislocation motion by 
finer grain sizes in thinner films, starvation of 
dislocation sources in small volumes, and the 
difference in surface effects on deformation and 
fracture. In addition to these structural effects, film 
surface is subject to oxidization by the ambient air. 
However, the effects of oxidization, or oxide layer, 
on the strength of nano-films have been scarcely 
studied, and hence the essential size effects on the 
strength have not been clarified. 
The purpose of this research is to clarify the 
essential size effects on the mechanical properties 
and strength of metallic nano-films (Cu, Al, and Au). 
To accomplish this, we investigate the effects of 
native oxide layer and oxidization during 
deformation and fracture, and thereby extract the 
intrinsic surface effect by using metallic nano-films 
with controlled microstructures such as grain sizes. 

【Research Methods】 
We develop an integrated experimental system for 
in situ strength evaluation that enables high 
-resolution observation of damage and fracture 
mechanisms under controlled environments (oxy 
-gen partial pressure), removal and control of oxide 
layer on film surface, and in situ experiments 
dedicated for tensile properties, fracture toughness, 
creep, and fatigue strength. These are based on the 
original experimental techniques such as 
fabrication of large area freestanding metallic nano 
-film specimen (Fig.1) and strength testing of a 
variety of fracture phenomena (Fig.2). By using the 
system, we conduct systematic experiments and 
elucidate the essence of size effects on deformation 
and fracture in nano-films. 

【Expected Research Achievements and 
Scientific Significance】 

Although micro-mechanical systems comprising of 
thin films are fabricated by state-of-the-art 
technologies, no reasonable mechanical criteria are 
applied in the strength/reliability designs. This is 

because the size and environmental effects on the 
strength of nano-films are unclear, and hence the 
dominant mechanics remains an open question. 
This study offers reasonable mechanical criteria in 
strength design of micro- and nano-devices in 
service environments by clarifying the essential 
size effects on the strength of nano-films: the study 
contributes to the reliability enhancement of 
devices by improving the strength of nano-films by 
controlling the oxide layer, or surface modification. 
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Fig.1 Large area freestanding Al nano-film 
specimen 

Fig.2 In situ fracture toughness experiment of 
Cu nano-film 
 


