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Depth-Dependent Hardness Characterization by Nanoindentation using a
Berkovich Indenter with a Rounded Tip
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Abstract : The height difference 4h, between the ideally sharp Berkovich indenter tip and a rounded tip was
measured by direct observation using atomic force microscopy (AFM). The accuracy of the indirect area function
method for measuring Ah, was confirmed. The indentation size effects ISE) in (100) single crystal copper, (100) single
crystal tungsten, and fused quartz were characterized by applying the ISE model considering the rounded tip effect.
The model fit the data well for these materials even though fused quartz does not deform by dislocations. However,
a very small value of the ISE characteristic length h’ was obtained for fused quartz. The present h’ value for (100)
copper is 32% larger than a previously-measured value for polycrystalline copper. This may indicate that grain
boundaries suppress the dislocation activity envisioned in the ISE model.
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Fig. 1. Nanoindentation contact morphology assumed in the Oliver-
Pharr method on the left side, real contact morphology considering
pile-up phenomenon on the right side.
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Fig. 2. 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. 3. AFM scan on a Berkovich indenter, and three lines to
obtain height profiles.
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Table 1. Surface roughness and Young’s modulus of the samples

Surface roughness, R, Young’s modulus, E

Material (hm) (GPa)
(100) copper 7.05 113.1
(100) tungsten 5.85 414.8

Fused quartz 2.11 74.1
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Fig. 4. Height profile used for the calculation of A#, and R.
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Fig. 5. Hardness results with contact depth and curves fitted by the model for (a) (100) single crystal copper, (b) (100) single crystal

tungsten, and (c) fused quartz.
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Table 2. Measured and calculated characteristic values for indentation
size effect

Contact depths H, Measured #' Calculated 4’

Material used for fitting (GPa) (nm) (nm)
Whole 0.84 612 826.3

(100) copper <90nm  0.84 683 826.3
Whole 3.48 295 771.0

(100) tungsten <90 nm 3.63 253 708.6
Fused cuarts Whole 6.89 2 4.9
used qua <90 nm 6.87 13 5.0
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