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Optimization of Nano Machining Parameters Using
Acoustic Emission and the Taguchi Method

Seoung Hwan Lee” , Jungmu Son*

ABSTRACT

Atomic force microscope (AFM) techniques are increasingly used for tribological studies of engineering surfaces at
scales ranging from atomic and molecular to micro-scale. Recently, AFM with suitable tips is being used for nano
fabrication/nanc machining purposes. In this paper, machining characteristics of silicon were investigated by nano
indentation and nano scratch. Nano-scale material removal mechanisms are studied and the Taguchi method was
introduced to acquire optimum parameters for nano machining. Also, Acoustic Emission (AE) is used for the monitoring

of nano machining.
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lithography (SPL)), 2ol W& 71% A+7F & H
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Fig. 1 Optimization using the Taguchi method
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Fig.2 Sensor application vs. level of precision and
error control parameters ’
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30 AEXE R YUY
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Fig. 3 Auto Probe M5 instrument
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Fig. 4 Schematic diagram of experiment

Fig. 5 ¢} Fig. 6 = Si(100)9] XA force 70U N,
hold time 30 ms, approach step 1 2 $}$] (indentation)
#e W 43 AfE Yehie 2ol 7HE
g PFA4s 5l AgAFY wEHo] (wear
depth)} PFEE (wear widthyS & 5 At} (Fig. 6).
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Fig. 5 AFM image of nano indentation (material=si(100),
force=70uN, hold time=30ms, approach step=1)
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Fig. 6 Profile of AFM image

Fig. 7 3} Fig. 8 < Si(100)9] A& 23X
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Fig. 7 AFM image of nano scratch (material=si(100),
force=80uN, scan speed=3umnys, segments=1 )
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Fig. 9 AE monitoring setup
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Table 1 parameters and their levels
Height Profile
rn (): Nano scratch
43001
2.654 Level
35,004 Parameter & symbol 1 2 3
0.0000 A 30 60 90
20 230 %0 um Force (uN) (30) (60) (90)
B
Fig. 8 Profile of AFM image Hold time (ms) (110) (750) (11300)
{Scan speed (um/s))
N . - c
Fig. 9 © AE EHHZ S A% 43 A9 7 Approach step (i) (g) (}g)
ZE 7TFEA BAFm Q. B AFgxE (Segments)
. o N = 2 o D
Micro-30 FUEY AME ARl dojd A Material properties Si(100) | sic110) | sic111)
I E PAC-1220 HAFE7|E o] &3t FE3} - direction

gl
o}, PAC-AEDSP-32 D/A Board & %3] 238 &
Rk AME B3 dojz AVdEe AT
71914 40dB 2 FH3 A, FFE o2
ZTE 2MHz 9] BEY £ 2 OAY AEE ¥
HojAc} &9 A5+ FFT, Count rate, AE Ratio
9 AdsAE PEHE o) &3ty B3t Count

p

rate © G AIZFS threshold &k ©]AF9) & 71X
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HMEEE Yehd Aotk €8 S0 43 1 & (¢
9] A9 odd 30uN, ALEAIZE 10ms, 1 3] A
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Table 2 Orthogonal array for Nanomachining (7,3

Exp. No " = Factor - .
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. A¥ax

4.1 AHADSl S/NH| BY

TR WyE oj&3 /FAE A, 74 ey
vl HFis ALt H3FH 71F
ZAL =28 £ Yo

Table 3 Experimental results for nano scratch

Exp Wear depth(nm) Wear width(um)

No ™74th | 2nd [ 3rd | 1th | 2nd | 3rd
1 4 4 6 0.16 0.16 0.17
2 5 5 0.19 0.20 0.20
3 7 8 7 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 46 44 45 0.32 0.32 0.34
9 47 45 48 0.37 0.38 0.40

Table 3 &

S3kE SINHIE e ot (Y= 238X).

Ve F 5A34E3 oY, Fig 102 &

—&~ Force

SN ratio (db)

10 T T T

Parameter level

(a) Wear depth

~—&— Force
@~ Scan speed
4 Segments
-—w— Matarial property

S/N ratlo (db)

Parameter level

(b) Wear width
Fig. 10 Mean S/N ratios for each level of nano scratch

h

t

29.08 35.09 4.9

A

B 34.57 35.7 35.79
C 35.7 34.34 36.02
D 36.37 35.51 35.18

E dFelA FAg dx=mAde S5 Aspect
ratio 7} 71} £ & A= FE9 2¥S F
A NERALE B £ QeuZ, SN B AL Al
ol ZUEA, ZTL& YAEAHLS FHE3n
Zolgl Zo] S/N v Fo] Husl He %o
gedy d #HAH spFzzde] o (Table 4). Y
e 239 FE oFH WEE o83 d&
HAZAL A3, B3, C3,D20|th ZH& Wgog ¥
29 Ux 4919 FH2AL A3, Bl, Cl, D2 o]t}
(Table 5).
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Table 5 Optimal Parameters

() : Nano scratch

ParameterMachining Nano indentation | Nano scratch
Force 90 uN 90 uN
(S]'(I:‘;Ldsg?;) 130 ms 10 pm/s
A?Sp;;:;tsst; P 1 step 10
Ma‘e_‘ji";ie";‘i’gs“ies Si(110) Si(110)

4.2 2MEYN

Table 6 ANOVA of wear depth in nano scratch

Sum of

Mean

square DOF square F p(%)
s. | -1 | 5 | sus | SIS
! ! @ -1 Sl x 100
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
* j: Parameter symbol, g : Error symbol

@, ° Level of parameter

Table 7 ANOVA of wear width in nano scratch

Saare | P | e | F | 009

A 3.204 2 1602 | 1602 | 6213

B 1.904 2 0952 | 952 | 3692

c 0.047 2 0024 | 235 | o0
D 0.002 2 0.001

e 0.002 2 0.001 0.04

Total | 5.157 8 100

&, vl ZolE force o AdFo] JHF FHeodw,

nREZ2 force 9 scan

()8
=

(o)
7}!'@‘
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speed &
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F AT V9= BE vhEoldA
force 7} ¢ 92%A %, vfREL force 7} o
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62%, scan speed 7} 37% AEE
F on, 1 2 FHIduge
g 9L nxA g AS ¢ F Yo =23
F Hl2ENMNE force & scan speed 7} W&+ &
#e 7HAE=Z, o Huee] Wsle] aspect
ratio 7} wi$ 978A ¥3E F UALE T
S=

A e AE
A4E aox

—_

Table 8 ANOVA of wear depth in nano indentation

i;“a;’ef DOF ::j:; F (%)

A | 104880 | 2 5244 | 54625 | 95.69
B 0.192 2 0.096

c | 3862 2 1.931 2012 3.52

D | 0664 2 0332 346 | 0.606

e | 0192 2 0.096 0.184

Total | 109598 | 8 100

Table 9 ANOVA of wear width in nano indentation

2::;;’: DOF S’g:;’fe F p(%)

A 5.894 2 2.947 842 50.98

B 0.038 2 0.019 5.43 0328

C 5623 2 2812 80328 | 4863
D 0.007 2 0.0035

e 0.007 2 0.0035 0.062

Total | 11.562 8 100

z

Y hle) A9, ulRZelE force, VIR F
2 force 9} approach step ¢ o] IAvtE A&
& F= Atk 7z A R ZAolE force 7t oF
95% A%, ut5E E2 force 7} 2F 51%, approach step
o] 48% HFEE A e A& E F AT (Table
8, 9).

43 AE A¥A

Amufd g Zztel Agxde] ity 7tF
A BAEE AE AEE RUHPsn E4Egi.
HEZEA L 93le] A4 A5 FHAHRE A
T Ad= HYP3nth

23X F A 2YEH] S4E AR
B, 100KHz ©)3l9) AFa g3 250kHz~450kHz
Atele] mFED gigolA 4 UAEE B
Fig. 13 & AE count rate & UEld Ae2 HEH
9] F7tdl & A3Fe F7HE YR loH,
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Fig. 11 AE signal spectrum (scratch, material=si(100),
force=90uN, scan speed=5um/s, segment=1)
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Fig. 12 AE signal spectrum (scratch, material=cu,
force=90uN, scan speed=5um/s, segment=1)
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Fig. 13 AE count rate of the nano scratch
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Fig. 14 AE Ratio of the nano scratch
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