= FHEES - A8 8s A
. Kor. Inst. Met. & Mater.
Vol. 44, No.10 (2006)

asslel 718 a4uEe 27 &

Strength Assessment of Thin Films Based on the Measurement of
Nanoindentation-induced Plastic Deformation Zone
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Abstract : Surface yield strength can be estimated by considering the force equilibrium around an
indentation-induced plastic zone; the plastic zone dimension is a key information for this analysis. However,
conventional approach has analogized the plastic zone radius from few cross-sectional line profiles of the
remnant indent and yielded erroneous strength result. Thus, we tried to extract a two-dimensional closed
boundary of the plastic zone in this study by plotting a contour graph for the surface pile-up. This image
processing was applied to the strength characterization of 1.0 pm-thick Au film on Si substrate. However,
shallow indentation for film-only deformation brought about weak surface pile-up, thereby producing the
strength overestimation compared to the microtensile results. In order to explain this discrepancy we
introduced the concept of impression volume conservation and redetermined an extent of the hemispherical
elastic/plastic boundary. Based on the modified data, the recalculated yield strength at 1.0 mN was
255.5 £ 37.2 MPa, comparable with the microtensile strength 243 MPa. This testing result confirms validity
of the modified characterization method for the indentation-induced plastic zone.
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Fig. 1. Force equilibrium around the hemispherical plastic zone
beneath surface pile-up.
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Fig. 2. Nanoindentation load-depth data of Au thin film on Si substrate.
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Table 1. Contact properties analyzed from nanoindentation curves using Oliver-Pharr's method [2].

Peak load (mN) Peak depth (nm) Contact depth (nm) Hardness (GPa) Young's modulus (GPa)
1.0 1359+32 130.1+£32 1.40 +0.06 133.51£5.37
0.5 93.7+4.0 89.2+4.0 1.30+0.09 117.45+£4.99
0.25 603+2.1 56.9+2.1 1.31+0.07 107.58 +5.40
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Fig. 4. Modification of plastic zone dimension by considering volume
conservation model.
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Fig. 5. Comparison of yield strengths from nanoindent image analysis
and microtensile test.
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