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Accurate Measurement of Indentation Hardness through a Three-dimensional
Analysis for a Nanoindent Morphology

Yun-Hee Lee, Ju-Young Kim*, Yong-Il Kim, Seung-Hoon Nahm and Dongil Kwon*

Division of Metrology for Quality Life, Korea Research Institute of Standards and Science, Daejeon 305-340, Korea
*School of Materials Science and Engineering, Seoul National University, Seoul 151-742, Korea

Abstract : The material pile-up around indenter/surface contact region can make the conventional Oliver and
Pharr's analysis of the nanoindentation curve inaccurate. We suggests a novel methodology for characterizing
pile-up incorporated contact properties by adopting the Matlab® visualization tool in this study. Based on our
approximation of contact boundary as peak of the pile-up region, radial indentation surface profiles observed
with an atomic force microscope are differentiated with the distance from the indent center and a closed
contact boundary is formed by connecting special differentiated points having their values as zero. The
calculated load-off hardness was nearly consistent with the result of nanoindentation curve analysis for pile-
up free material such as fused quartz. This experimental result supports validity of the newly proposed
method. However, the load-off hardness of metallic solids such as (100) tungsten monocrystal and pure copper
showed that the nanoindentation curve analysis could overestimate the hardness more than 50% in the cases

of severe pile-up.

(Received April 9, 2006)
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Fig. 1. Pile-up or sink-in response according to work hardenability
of a material.
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Fig. 3. Nanoindentation curves obtained from (a) fused quartz, (b)
(100) tungsten monocrystal, and (c) pure copper.
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Table 1. Contact properties analyzed from nanoindentation curves using Oliver-Pharr's method.

Specimen Peak load (UN) Peak indentation depth (nm) Contact depth (nm) Load-on hardness (GPa)
10000 269.9+2.0 192.0£2.3 10.0+0.2
6000 206.5+1.0 144014 102+0.2
Fused quartz
3000 143.2+04 97.4+0.5 10.4+0.1
1000 78.5+0.3 509+0.3 10.9+0.1
6000 180.4+£6.8 165.9+6.0 7.6+0.5
(100) Tungsten 2500 106.7+2.4 96.9+24 84+04
1000 604+2.6 53.4+£26 9.1+0.7
2000 217.8£5.6 208.8+5.6 1.6+0.1
Pure copper 1500 175.1£34 166.5+£3.2 1.9+0.1
800 1162+1.8 109.3+2.1 2.1+0.1
400 74.3+0.8 68.9+0.8 2.4+0.1
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tungsten monoctrystal; visualizations (a) in rectangular coordinates
and (b) in cylinderical coordinates.
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