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Calculation of the Elongation for a Polymer Coating Film from
Mechanical Properties Measured by Instrumented Indentation Test
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Abstract The instrumented indentation test(IIT) is a useful analytical technique for measuring the mechanical

properties of micro or nanoscale thin films processed via coating or plating on substrates. This study aims to
measure the mechanical properties of a polymer film coated on a wafer using a nanoindenter, the most
representative instrument for the instrumented indentation test. We will discuss how to derive tensile strength
and elongation from the obtained measurements. Typically, mechanical properties measurable by a nanoindenter
include composite hardness, plastic hardness, elastic modulus, and elasticity, whereas measuring tensile strength
or elongation, achievable with traditional tensile testing machines, is not possible. Therefore, this study will
analyze the correlation between hardness and elongation, and based on the results, we will explore a method to
derive elongation from the mechanical property data measured by the nanoindenter.
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Figure 1. Components of an Instrumented Indentation Tester
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Figure 3. Load-Displacement Curve
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(a) Cone (b) Berkovich (c) Vickers (d) Cylindrical flat punch

Figure 2. Shape of the indenter
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Figure 4. Example of a sample measurement
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Table 1. Test Results for Elongation by @ 0.4mm Ball Indenter

No A mN) hy, (um) h, (um) a (um) a/R Elongation(%)
1 0.971266 0.1404 0.0983 6.269796 0.031349 3.134898
2 2.66387 0.2458 0.1861 8.625855 0.043129 4312927
3 5.21554 0.3396 0.2658 10.30773 0.051539 5.153866
4 8.62622 0.4209 0.3335 11.54508 0.057725 5.772538
5 12.8953 0.5005 0.3986 12.62066 0.063103 6.310331
6 18.023 0.5714 0.462 13.58626 0.067931 6.793132
7 24,0094 0.637 0.5186 14.39344 0.071967 7.196719
8 30.8541 0.6982 0.561 14.96948 0.074847 7.484739
9 38.5573 0.7541 0.6065 15.56381 0.077819 7.781905
10 47.1188 0.8078 0.6589 16.22115 0.081106 8.110577
11 56.5387 0.8577 0.702 16.74238 0.083712 8.371189
12 66.817 0.9044 0.7402 17.19105 0.085955 8.595524
13 77.9534 0.949 0.778 17.6237 0.088118 8.811849
14 89.9482 0.9913 0.8128 18.01276 0.090064 9.006378
15 102.801 1.0333 0.8416 18.32844 0.091642 9.16422
16 116.512 1.0729 0.8766 18.70485 0.093524 9.352427
17 131.081 1.1145 0.906 19.01524 0.095076 9.507618
18 146.509 1.1533 0.9345 19.31131 0.096557 9.655655
19 162.794 1.1925 0.9704 19.67786 0.098339 9.838932
20 179.937 1.2308 0.9931 19.90612 0.099531 9.953062
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Figure 6. Material deformation by Ball-indenter
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