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A Numerical Approach to Indentation Techniques for Thin-film Property Evaluation
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Abstract

In this work, the prior indentation theory for a bulk material is extended to an indentation theory for
evaluation of thin-film material properties. We first select the optimal data acquisition location, where the
strain gradient is the least and the effect of friction is negligible. A new numerical approach to the thin-film
indentation technique is then proposed by examining the finite element solutions at the optimal point. With
this new approach, from the load-depth curve, we obtain the values of Young's modulus, yield strength, strain-
hardening exponent. The average errors of those values are less than 3, 5, 8% respectively.
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Table 1 Selection of parameter for FEA

Parameter Values used for FEA
Young's modulus (F) 100, 200, 300, 400 GPa
Poisson's ratio {v) 0.3
yield strain (5,) 0.001, 0.002, 0.003,

0.004, 0.006, 0.008, 0.01

1.1,15,2,25,3,4,5,7, 10,
13, 20, 50

0.4, 0.6, 0.8, pure

strain-hardening
exponent (n)

thickness (#/D)

UD (%)

Fig. 2 Equivalent plastic strain &, vs. /D at 2r/d = 0.8
for various indentation depths
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Table 2 Comparison of computed material property
values to those given

Given Computed
b o /E " o/E [ Error n Error
(MPa/GPa) (MPa/GPa) (%) (%)
200/100 | 7 |220/100{ 10/0.0 | 7.5 83
0.4 |400/200| 7 |413/203} 3.2/13 | 69 I.1
600/300| 7 [571/322| 4.8/7.3 | 63 10
200/100 7 |217/102] 8.520 | 7.5 7.6
0.7 {400/200| 7 [420/2061 49/29 | 7.1 2.5
600/300 | 7 |600/318| 0.0/6.0 | 6.6 | 4.5
200/100 0 7 1213/98163/171( 73 4.6
1.0 1400/200| 7 |407/199| 1.7/03 | 6.7 3.7
600/3001 7 1576/309) 4.0/2.8 | 6.1 12
200/100{ 7 |217/98 | 8.7/1.5 | 7.7 11
pure | 400/200 | 7 |411/199 2.8/0.7 | 6.8 1.5
600/300 | 7 1583/301| 2.9/02 | 6.2 11
400/200| 7 [413/203| 3.2/13 | 6.9 1.1
0.4 | 400/200| 10 |409/202| 2.2/0.8 | 9.8 1.3
400/200 | 13 {407/200| 1.9/0.1 13 0.7
400/200{ 7 [420206| 4929 | 7.1 2.5
0.7 [400/200| 10 |414/206| 3.6/3.2 10 2.4
400/200 | 13 1410/195} 2.423 | 13 19
400/200| 7 |407/199| 1.7/0.3 | 6.7 3.7
1.0 1400/200| 10 |404/200) 1.1/0.1 | 95 42
400/200 | 13 {401/199| 0.3/0.4 | 12 6.4
400/200| 7 |411/199| 2.8/0.7 | 6.8 1.5
pure | 400/200 | 10 |407/199 | 1.8/0.6 | 9.8 2.0
400/200 13 | 406/198 | 1.4/0.8 | 13 2.0
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