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Finite Element Analysis of Nano Deformation for Hyper-fine Pattern
Fabrication by Application of Nano-scratch Process

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 scratch test was studied with numerical method by ABAQUS S/W. Brittle
materials (Si, Pyrex glass 7740) were used as specimens, and forming conditions to reduce the elastic recovery and pile-
up were proposed. The indenter was modeled as a rigid surface. Minimum mesh sizes of specimens are 1-10nm.
Variables of the nanoindentation scratch test analysis are scratching speed, scratching load, tip radius and tip geometry.
The nano-indentation scratch tests were performed by using the Berkovich pyramidal diamond indenter. Comparison
between the experimental data and numerical result demonstrated that the FEM approach can be a good model of the
nanoindentation scratch test. The result of the investigation will be applied to the fabrication of the hyper-fine pattern.

Key Words : Nanoindentation (1+= 21 9l &l ©| ), Scratch test (22 4 ¥), Pile-up (I ), Hyper-fine pattern
(F7 A =1 "), Elastic recovery (B3 | &)

7154y g8 Aol FUiEI vk @A BT EofilA 7t

Zr3 w1 Y= #2913 (Lab-on-a-chip, LOC)S] 7Y

P = Scratching load ol glojA Ao Hi= Jlgd F4ae A8}
V = Scratching velocity AU2E Jde TAR% FFRY)S B=e Aotk
B ¢ = Angles of Berkovich tip o]23 A7 BAE FFHoE dEAY =F
o A& J5EA 371 iAot SUlAl A

L AME 9o T ROl E Fo4e] #2452 glEd, A

2€H23(So0) MEE AsME UxF PlAY
MEMS 2% ulAstel o] IFnjAdelel 2 FAVIe Frrt ddgsiejer A2

@ Ard:20033 7€ 3Y; AASAUL:2003d 119 142
* 2adistw disty L7 A
# oAAA, Fadstn Fd7)AF
Email wonny@hitel.net Tel. (051) 510-3936
** 2adigte 7 AEsE, U4y 4 2YFdTE

139



oS 49 25 ¥IHYTYIHA A21W A3 %

FAAAA ATFEo}& LOCH SoC W MY
Z2 um A= fod, F2 A FAH 3}
o AFHa gict. dA M Be) AHEHIZ &
vAgE 2 F2E AAV|E2ME LIGA, 338
ojv} YA o] 2H], XA & ojde i

@y 71€E & F AUtk 4 olE® gaagy 7)
5L A9d, X A, dolA F9 FA 2" 4

aligner & Al Wid 7] FAd| Lol UF F

FAEARS daAy w27 33 HFA
Z Bag FAES ez 38 A=A|7ho] Bo)
288 B9 oz, AW F Al ¥IE
M Ee A2 ffATE AFE ot e A7
o] @EFF A AP dEF A= F
ik =%, 7HF 7bed As7E dRE A
Z 7I9Agd FHHY Jvde dHE A
gaags] 7led ot AF ey HAAAF
o] Egd AR A3t e HHHFFFM)OIY
AARH AV F(AFM) S ©] &3 IuA Fge g4
710l 43A ArHol 23 Qg

A )Y AFRFTAHAA YeddEHlA
o] 23R FHE o]8Y Ay dAHEA S
o] &3& o] vt FAFF AP Y
o o(max. IN), 7}¥Re] B (F om?), FRF
9] z4e] JtFdltteE Aol Qo ¥y FA
Alol g AQA|Zre] Aa 7}FA A= dAAE
Yol FUd(pile-up)ol A3t shele] AHAA )
HUE7 ygs ggo) okl

E 47 U=ddyY 238 AL ol
B3t SoA w2 3ddHd g
438 & 249 YedPASE fassy o
2 &3 B33, 43832 AFsAY. ARE
4 4YFAES 2 A9, 3 A9 fdeiMo=
4dstES A, SHAES 9F35a, o] &
FE EYE 23 FHY HHL FP30
11-12

Uxgldeeld 23#dx FHY H3Fals
A2 ABAQUS 62 & A% 1 238 &%,
233 3FE Br2 S4BT JAdPE 4
Z39c 2 d7dA3E Yxddeojde] A3
A JisE B FoiAd HEe A} o
7N2ATEH 850" Aotk

:]_,_’

2. LpieATex| AY % FEM 2EH P

140

Berkovich Tip

Fig. 1 Schematic of indenter shape
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Fig. 2 Schematic illustration of scratching mechanism
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Fig. 3 Ramping load scratch test by using nanoindenter after microscope(1000X) image on silicon
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Table 1 Elastic and plastic properties of silicon*'#, and pyrex glass 7740
Materials Young’s modulus (Gpa) | Hardness (Gpa) | Yield Strength (Gpa) Poisson’s ratio
Silicon 16812 1311 7 0.278
Pyrex glass7740"™¢ 63+2 1040.5 6.1 0.17
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Fig. 9 Scratch profiles on silicon with different
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Fig. 7 von-Mises stress distributions for different scratch
load obtained by 3D FEM (V=10um/s)
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Fig. 8 Scratch profile of pyrex glass 7740 with different
scratch load obtained by 3D FEM (V=10um/s)
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Fig. 10 Scratch profile on pyrex glass 7740 with
different scratch load obtained by experiment
(V=10um/s)
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Fig. 11 AFM image of scratched surface on pyrex glass
7740 with different scratch load
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