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Finite Element Analysis of Nano Deformation for the Hyper-Fine Pattern
Fabrication by using Nanoindentation

Jung Woo Lee”, Sung Won Youn” and Chung Gil Kang™

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 restoration
and pile-up was proposed. The indenter was modeled a rigid surface. Minimum mesh sizes of specimens are 1-10nm.
The result of the investigation will be applied to the fabrication of the hyper-fine pattern and mold.
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(a) Comparison with experiment data and FEM data

(b) AFM images of fused silica (100nm indentation)

Fig. 1 Verification for analysis data
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Table 1 Elastic and plastic properties of silicon'?,
PMMA" and pyrex glass
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(b)Berkovich

(a) Conical

Fig. 2 Shape of Indenters®
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(c) Sphere

(a) Two-dimensional model of nanoindentation process
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Fig. 3 FEM model and Boundary condition

200, 300am)°| W& BAHEY
wE SHEY. A, =234
2] w440, 100, 200nm)l
ARgtey. AAe FAE s um olx,
2 3|k

i
=2

e, op

flo

to ngk

A, 99
ge A

He was

6

PN od o

ERS;



o) g - F4Y - FFH

#HZADFEA A207 A5

A E2e A duAEs e Ay

o}
ORI WAl oWl e o] 83HA ¥y

21 L A3 23 e HEH

e g Z|A" 7FEge] A% A" A=
A A 48 AHEdL w==d A F Ao
HE] g A A7lE 99 g Alolo AHEW
o Mg Fol7] 98 HE §@ ZLE AL

Fig. 4 £ ANHUEA B & <F37] A8 o=
HE] g sjArdolt AARAL YxdH-o]
A E93 243 fARAE FdAL ohld.
g2 ZAZ 39x, 29 dAS d2YF ¢A9
2 2802 At FdF 2 Zo] €
A gAlele HEZAS AR, vhEE
& 1 2 7}33kgr) Fig. 4 9] R AgIAA=R
4-%%= 5151 7N, plane strain 24 (CPE4R element
type'?) 5000 72 FAASHRTE @& Wze] 130°¢
FZHAS AL3AT, | HEEE 0 22 33T
ANHe FAE oum, F& 20um 2 ZEY3}
dct. dEl g 2l AHFHAN HE Fo]7]
A% HMFEHN | Ale] A& WSt AA st
Atk A% 3 A9 23X FH BLAME |
P4 8 ges o 45, 239x 49 Hels

WA ] A & BFE 3] A7 Folth

3.EdE ¥ @1

3.1 &x HEol cih My

A&, PMMA, Foldlx Feks 2l Hist
o 300nm & ¢YEAe W sF-HY UZE
T HESTH EE-EY YT E oLl AR
9 gAAF $& A4dste Aol BEHolAw &£
AT E FoA HEe 7HE FEE BAE 9
Z317] 913t BB LS ZAE Bt

il
il

Fig. 4 Two-dimensional model of multi-tip

nanoindentation process
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(b) Load-displacement curves of PMMA

Fig. 5 Load-displacement curves for each materials
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Fig. 6 Von-mises stress distribution for each materials
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Fig. 9 Load-Displacement curves on silicon with
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Fig. 12 Von-mises stress distribution for different tip
radius
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Fig. 15 Von-mises stress distribution and pile-up of
different multi-tip width(D)
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