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Optimization of Nano—-machining parameters using
Acoustic Emission and Taguchi Method

Jung Moo Son*, Seoung Hwan Lee * ,Jang Eun Choi™”

{ Abstract Iﬁ

Atomic force microscope(AFM) techniques are increasingly used for tribological studies of
engineering surfaces at scales ranging from atomic and molecular to microscale. AFM with suitable tips
is being used for nanofabrication/ nanomachining purposes. In this paper, machining characteristics of
silicon have been inveatigatedby nano indentation and nano scratch. Mechanisms of material removal on
the microscale are studied and the Taguchi method is introduced to acquire optimum parameters for
nanomachining. This work shows effectiveness of the Taguchi method in nanomachining. Also, Acoustic

Emission(AE) is introduced for the monitoring of nanomachining.
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Fig. 1. Optimization using the Taguchi method

2.AEA%

AE AE: ARl dd, vhd, gg 5o Wygow
SAEE o) e RRE $¥goln, e g s
th. B3], Ux 71EA Ame Wy AGFES Aol
& gEnyr wasEA Hoy o] A&yt AR s
A&Ho] RUegSd ALgdd. o a¥e z4v o
2 FYUEE gsteq ol Aol Ao HEo 4F
BoZn ¢ut. Fig. 2ol & & dE] AEAME &
A92=E Yeidy s g EA4E HAER, 2
AR 7AgA 7HEdH ZYE ] dexolugln.

conventionat " precision
low N
1mm ‘
5 aser lm-ﬂnigomol o
é k’-——~7 l conventional
5 |
'6 -
H
- pracision
1nm
high

position  form/ roughness subsurface
dimension damage

control parameters

Fig. 2. Sensor application vs. level of precision and
error control parameters
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Fig. 4. AutoProbe M5 instrument
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Fig. 5. AFM 3D image of nano indentation
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Fig. 6. Profile of AFM image
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Fig. 7. AFM 3D image of nano scratch
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Fig. 8. Profile of AFM image
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Fig. 10. Data signal process
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Table 1. parameters and their levels

(): Nanoscratch

Level 1 9 3
Factor & Symbo
A 30 60 50
Force (uN) (30) (60) (90)
B
Hold time (ms) (110) (750) (113(?)
Scan speed {(ym/S)
A Qh . 1 5 10
pproach step
Segment (1 (5) 10
D
Material Si(100) | Si(110) | Si(111)
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Table 2. Orthogonal array for Nanomachining (L3Y)
Exp. Factor
No A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
4. 4825
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Table 3. Experimental results for nano scratch

Exp. Wear depth(nm) Wear width(ym)

No 1th 2nd 3rd 1th 2nd 3rd

46 44 45 0.32 0.32 0.34
47 45 48 0.37 0.38 0.40

1 4 6 0.16 0.16 0.17
2 0.19 0.20 0.20
3 0.23 0.24 0.22
4 9 8 8 0.18 0.20 0.19
5 13 15 13 0.22 0.23 0.21
6 18 17 17 0.27 0.29 0.29
7 33 31 34 0.26 0.24 0.25
8

9
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Table 4. S/N ratio of nano scratch result

Exp. No Wear depth(nm) | Wear width(um)
1 12.93 15.73
2 14.44 14.12
3 17.25 12.75
4 18.37 14.41
5 22.65 13.14
6 24.76 10.94
7 30.26 12.03
8 33.05 9.71
9 33.37 8.32

Table 3& &3 ZAAgE e, Table 45 3
HolH 27 e sNB|E vebd Aot}

—s— Foree
© —e— Scanspesd
—a— Segrvants
—y— Mulwrial propesty
k3
kY
g
s —a
i ’
£a
15

=1

(a) Wear depth

—u— Foroe

—o— Scan spesd
—a— Segrments

—v— Material property

(b) Wear width

Fig. 11. Mean S/N ratios for each level of nano scratch
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Table 5. ANOVA of wear depth

i:Tarc;f DoF shgj;rne Fo p(%)
Si ;
Si di-1 ((pr‘/l) S;/ Se S;< {O?)T
A 48.55 2 24.27 |4045.83 | 92.27
B 3.596 2 1.798 299.66 6.83
C 0.458 2 0.229 38.16 0.87
D 0.012 2 0.006
€ 0.012 2 0.006 0.03
Total 52.616 8 100
* i :Parameter symbol, 0 : Error symbol
i : Level of parameter
Table 6. ANOVA of wear width
savare | P | cpure | Fo | o®
A 3.204 2 1.602 1602 62.13
B 1.904 2 0.952 952 36.92
C 0.047 2 0.024 23.5 0.91
D 0.002 2 0.001
€ 0.002 2 0.001 0.04
Total 5.157 8 100
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Fig. 12. AE signal of the scratch (material=si(100),
force=90N, scan speed=5m/s, segment=1)
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Fig. 13. AE signal of the scratch (material=cu,
force=90N, scan speed=5m/s, segment=1)
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