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Analysis of Material Deformation Behavior in Nanoindentation Process by using 3D Finite
Element Analysis and its Experimental Verification
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ABSTRACT

In this study, to achieve the optimal conditions for mechanical hyper-fine pattern fabrication process, deformation
behavior of the materials during indentation was studied with numerical method by ABAQUS S/W. Polymer (PMMA) and
brittle materials (Si, Pyrex glass) were used as specimens, and forming conditions to reduce the elastic recover and pile-up
was proposed. The indenter was modeled a 3D rigid surface. Minimum mesh sizes of specimens are 1-10nm. Comparison
between the experimental data and numerical result demonstrated that the finite element approach is capable of reproducing
the loading-unloading behavior of a nanoindentation test. The result of the investigation will be applied to the fabrication of
the hyper-fine pattern.
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Fig. 1 Schematic of indenters
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Fig. 2 Finite element model
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Table 1 Elastic and plastic properties of silicon water 100%, PMMA? and Pyrex glass, Fused silica®

Materials Young’s modulus (Gpa) | Hardness(Gpa) | Yield Strength(Gpa) Poisson’s ratio
Silicon wafer 100 168+2 13+1 7 0.278
Pyrex glass 7740 6342 10+0.5 6.1 0.17

PMMA 3.0+0.5 0.30+0.05 0.138 0.40
Fused Silica 7242 9.5+0.5 7.1 0.180
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Fig. 3 Comparison of finite element analysis result with
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Fig. 6 Indentation profile of each materials
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