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Determination of Elastic Moduli of Thin Films
Using Inverse Technique
(Discussion on Data Sampling in Identation Method)

Hideo KOGUCHI and Etsuo NAGUMO

This paper describes a method for evaluating material properties of multilayered system from
data obtained by indentation testing. The measurement information collected from the penetration
force-depth curves are employed for identifying elastic moduli of thin films. The axisymmetric
indentation problem is first analyzed on the basis of the three-dimensional axisymmetric elasticity
theory. Then, an analysis of an elastic contact problem, in which an elastic axisymmetric indenter
penetrates an elastic half-space coated with multilayered thin films, is presented. Next, an inverse
procedure for determining Young’s modulus, Poisson’s ratio of thin films and radius of the contact
area is described under the condition that the elastic moduli of the substrate and indenter, and
thicknesses for layers are known. For an inverse analysis using the complex method, effective
sampling of data obtained by penetrating indenters with various radii of curvature into the coated

substrate is presented.

Key Words: Inverse Problem, Contact Problem, Structural Analysis, Reliability, Laminated Con-
struction, Elasticity, Indentation, Complex Method
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Table 1 Elastic moduli for two-layered material and indenter

Region ;?:i:lgu: Poissos’-s ratio Rau';:;:hl_)ear
E;, GPa ! I (=pfuy)
Thin film (i=1) 400.00 0.3 2.0
Substrate (i=2)]  200.00 0.3 1.0
Indenter (i=3) 1000.00 0.3 5.0
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Table 2 Elastic moduli for two-layered material and indenter

Region :lz::ﬁ;: Poisso‘r:'.s ratio Rati:l:;:ht.lear
Ei , GPa ! I (=p/y)
Thin film (i=1) 50.00 0.3 0.5
Substrate (i=2) 100.00 0.3 1.0
Indenter (i=3) 1000.00 0.3 10.0
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Fig.9 Sampling data for inverse analysis

Table 3 Elastic moduli for three-layered material and indenter

Young's | Poisson's | Ratio of shear
Region modulus ratio moduli
E;, GPa v, I (=p/uy)
Thin film (i=1) 400.00 0.3 2.0
Thin film (i=2) 300.00 03 1.5
Substrate (i=3) 200.00 0.3 1.0
Indenter (i=4) 1000.0 0.3 5.0
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Table 4 Comparison of parameters identified by different data

Parameters | Given value Ry/hy= Ru/hy=10
10,50,100 (N=9)

E, [GPa] 400.0 400.8 409.5
v 03 0.2955 0.2570

E, [GPa] 300.0 3024 315.6
v, 0.3 0.2953 0.2936
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Fig.11 Data sampling on penetration force vs depth curve
for three different indentors

Table 5 Elastic moduli for three-layered material and indenter

Young's Poisson's { Ratio of shear
Region modulus ratio moduli
E;, GPa v, I (=pu,)
Thin film (i=1) 50.00 03 0.25
Thin film (i=2) 100.00 0.3 0.5
Substrate (i=3)| 200.00 0.3 1.0
Indenter (i=4) 1000.0 0.3 5.0
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Fig.12 Identification error of all unknown parameters
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Table 6 Comparison of parameters identified by different data

Parameters | Given value lggl()h,llt)() error, %

E, [GPa] 50.0 48.51 -2.98
v 0.3 0.3373 12.4

E, [GPa] 100.0 93.04 -6.96
v, 0.3 0.2733 -8.91
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