The measurement of nano properties using nanoindentation
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ABSTRACT

The nanoindentation technique is widely used to investigate the mechanical properties of nano-microscale materials. The
nanoindentation method for assessing mechanical properties at low loads and shallow depths is already well established for
the characterization of thin films as well as bulk materials. In this study, we evaluated residual stress in DLC and Au thin
films usign nanoindentation technique with a new stress-relaxation model. Moreover, We suggest a composite hardness
equation and quantify the magnitude of hardness increase by using an equation based on the interface hardness and the
interface thickness, derived by comparing results derived from this equation and those determined in nanoindentation tests.
Finally, We present an indentation size effect (ISE) model that extends the available contact depth for ISE application down
to several tens of nanometers by considering the tip bluntness effect.
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Fig. 1. Variation of the indentation loading curves with the
changes in the stress states.
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Interaction of residual-stress-induced normal
load(Lrs) and indentation load(Lr).
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Fig. 3. Schematic diagrams for (a) simple and (b)
expanded rule-of-mixture.
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Fig. 4. Nanoindentation contact morphology including
pile-up for a conical indenter with a blunt tip, and the
distribution of geometrically necessary dislocations.
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Fig. 5. Comparisons of the analyzed residual stress values
for (a) DLC/Si and (b) Au/Si by the effect of thin film
residual stress.
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Fig. 6. Comparisons of the analyzed residual stress values
for (@) DLC/Si and (b) Au/Si with the results from
curvature method.
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Fig. 7. Hardness data of 3 multilayer systems for the
different bilayer periods: (a) TiN/VN, (b) TiN/NbN, and
(c) CrN/NbN.
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Table 2 Interface hardness and thickness for TiN/VN,
TiN/NbN, and CrN/NbN systems

TiNAN Tid/NhMN CriN/NbhM
Hy (0:Fa) 17.7% 5304 1554
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Fig. 8. Transition of hardness values for bilayer periods:
(8) TIN/VN, (b) TiN/NbN, and (c) CrN/NbN
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Fig. 9. Hardness results with contact depth and curves
fitted by the present model for annealed Cu using A and B
indenters.
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Fig. 10. Hardness results with contact depth and curves
fitted by the present model for (a) annealed and
strain-hardened Cu, and (b) surface-nanocrystallized
Al-alloy.
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