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Friction Properties of Carbon Coated Ultra-thin Film using Taguchi
Experimental Design
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ABSTRACT

Frictional properties of ultra-thin carbon coatings on silicon wafer were investigated based on Taguchi experimental

design method. Sensitivity analysis was performed with normal load, relative humidity, deposition process, and coating
thickness as the variables. It was found that despite low thickness, the carbon coating resulted in relatively low friction
coefficient. Also, the frictional behavior was affected significantly by humidity and normal load.
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Table 1 Deposition conditions of specimens
Specimen Thickness[nm]
1 Ar only 3
Ar+H;[20%]
Art+H,[40%)]
Ar+H,[20%)]
Ar+H,[40%)]
Ar only
Ar+H,[40%)]
Ar only
Ar+H,[20%]

Types

Wl o[ N|n|wnja|wN
Wl wmlu|lw|9]la]wv

AdutZdAEE Imm A 739 STB2 WP EE
ARG, 29 RAAEYE 9F 20mm, AEE
HV 780 AXo|t}, B Eolgle o]EAE AA
7] 93t APA Z&HAHH7E o] &3 o}
AE GHAA 3 B, &7 HAAN 3 B AHF
Foll FH+2 ARo] Holo] AH83HA )

2.1.1 oA 53

SFe WS e Ade] #AFE DLE YJAHA
A WAl o] g Yol HANHE A AlH
o] ARE dolE= A¥<Ql Ellipsometer & AFE3}
o APAH FAE SAHIA HPY FHAL
Z4e FRQ AEES Foz FAY + gled
te] JEe il HastA AriFe] AF
3= ZA(p-polarized light)olx, & shie YAHE
of #&3A AF3= Z(s-polarized light)olth. ©]
) H3g el ElH Belliptically polarized light)
Qld], Ellipsometer 2 ©]#d ©eldS ZASH
Psi(y)$} Delta(A)E €A Aoh?

£ AY A= Rotating Compensator Ellipsometer
g A4 7 AEnid ARES EAHAC
Fig. 1 & Table 1 9 A1¥ 1,23 3} Bare Si o ti3t



dEY - Age -

HPE -

R R

S g A20d A4E

Psi(y)%h Delta(A)E YEbd RAolt). Ellipsometry ¥
Aoy gHsE 5 2o

(i8)

tan(y) e 4y

=
= ,

WAlE Wl BRHE AP Aoy A)E
olgate] AW wAY oA Zeirbe Al
FAE &A% g2 Table2 o} 72t

Table 2 Measured thickness of specimens

Specimen Measured Thickness [nm]
1 2.5
5.2
7.4
7.2
29
4.8
52
7.2
2.9
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Fig. 3 Contact angle and surface energy of specimens
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Table 3 Factors and levels used in this experiment

Levels
Factors
1 2 3

A:Normal

load [gf] 1 2 3
B:R.H.[%] 2045 5045 8045
C:Deposition Ar R -

conditions only | ATrH20%] | ArtH[40%)
D:Coating
thickness[nm] 3 5 7

Table 4 Orthogonal array table of Lo(3%)

Factor
Exp.No.

o

A B C

WIN]| =Wl =W~
B =] Qo e [ D] W] N —
— WIS =W W] N -

Vil ||| b|WIN]|—
W W[ W[N] ] =] =




HEY - Ade

- HAE - AF

TR AAFTEEA M20d ANe4z

2.3.2 AEH

ox e 7]7‘4 AEAEYAE 29
oy Ao HHxAL AA}E 7IEE F4A
o X2 AH3n 9,19—“‘ EARY xS M
He HAYzxdEL HFHzdez AAYIY 5AA
¢} AF¥ = S/N(Signal to Noise ratio)gkoll s &<
Atk SN @ EAR Y dAo w2t 24 A9
Hed B A¥dMe 345N, § S4A49 &
o] &S F& A5 SN ¢S A& 1
gole v ok

1
SN=-1010g(—2y,-2)=—1010g0'2 3)
n

HElA SN gol & A7t ade] A
2% AAgo] viEAE Foled F2 tFgos
71993e vebdich Zbzte] APzl g sN
gozRe ZARAEY FHAE HlEUE F3l
of EAAT AAEY Ade A JdAEY F
Fol AR mAE AxE Yehd, o9
Hi HAgke) zol2A 7 AREe] S48 7
st 71 &E A

3. d@dn 3 1@

3.1 Oj&EYN
Fig. 5 & Table 4 & A ARl A A=} C o
et FRzAYEE opEA
u11E ARE 400 27 HE Al vnE A
A 1.14m 7 & 27|82 dx, g v

w-- Experiment No.1
040 [ —A— Experiment No.6
-~&-- Experiment No.8

Friction coefficient
o
3

T T T T
[ 1 2 3 4 5 [
Sliding distance [m])

(a) Ar only

58 b Zelth

~-&-- Experiment No.2
0404| —&— Experiment No.4
--@-- Experiment No.9

0.354

é;*’
] 4f+f% e

025 e

1 ) reeedia
. i St

Friction coefficient
o
It
4
-
-

1 grassiasaiastgaaiasiy

000 T T T T T T T
[ 1 2 3 4 5 3

Sliding distance [m]

(b) Ar+Ho[20%]

~-#&-- Experiment No.3
4| —&— Experiment No.5
~-@-- Experiment No.7

Friction coefficient
o © © © © © ©o ©
- P n N w g 'Y n
5 @ 8 & 8 8 &
R R T RS

HGr j 144{ S35 e 111

,-.tl.-.—-u.-....---
0.05 4

0.00 T T T T T T T
[ 1 2 3 4 5 6
Sliding distance [m}

(c) Ar+H,[40%]

Fig. 5 Friction coefficient w.r.t. Deposition conditions
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Table 5 Factors affecting the friction coefficient

Fig. 6 Friction coefficient of initial and steady states
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Fact Sum of level Difference | Affecting
actors 1 5 3 oflevel | ratio[%]
A Initial 8.12 11.78 10.99 3.66 48.35
Steady 7.03 10.45 9.1 342 28.01
B Initial 11.59 8.77 10.55 2.82 37.25
Steady 114 6.65 8.52 4.75 38.9
C Initial 10.07 9.93 10.9 0.97 12.81
Steady 8.35 7.86 10.37 2.51 20.56
D Initial 9.72 9.6 9.71 0.12 1.59
Steady 8.18 8.68 9.71 1.53 12.53
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Fig. 8 Variation of SN ratio for initial states
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