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Abstract

Mechanical properties of coating surface from thin film technology were important
industrial using e.g. hardness property and surface roughness property etc. Molybdenum (Mo)
was used popular industrial working in lubricant of high temperature condition, Quality
molybdenum carbide (MoN) coating controlled from coating parameters was improved by
systematically investigating the influence of MoN r.f. reactive sputtering using experimental
design. Three parameters of MoN coating including DC current, pressure, and Ar/N, were
analyzed and optimized for maximum hardness and minimum average surface roughness (Ra).
After conducting statistical experiment, it was found that the three coating parameters influenced
the hardness and Ra. In conclusion, the optimal operating condition for MoN r.f. reactive
sputtering that produced the maximum hardness and minimum Ra was obtained at DC of 0.450

A, pressure of 0.010 mbar, and Ar/N, ratio of 0.50.

Keyword : Molybdenum Nitride (MoN), R.F. Reactive Sputtering, Hardness,

Average Surface Roughness
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Rl Mnes A
aszua i IR ATITIUTEHIN (W19)
(A) (mbar) My013noU
Auma lulasiou
1 0.35 0.004 0.5 60
2 0.45 0.004 0.5 40
3 0.35 0.010 0.5 60
4 0.45 0.010 0.5 40
5 0.35 0.004 1.5 60
6 0.45 0.004 1.5 40
7 0.35 0.010 1.5 60
8 0.45 0.010 1.5 40
AN5190 3.4 YoyamAuLA (Hardness)
Fuan ANNNUTL (GPa)
1 2 3 4

1 30.1084 29.0432 28.4329 23.3068

2 26.3961 27.7205 26.7821 28.6060

3 26.9943 31.7245 32.4890 29.8745

4 31.2068 32.8444 33.7557 33.7176

5 24.9593 20.0731 23.2141 25.7471

6 12.0255 13.4509 13.2667 11.7129

7 15.2505 16.6545 16.0558 15.5306

8 14.4923 15.5590 14.1444 15.8959




16

M50 3.5 ToyanInNuNeIUAINAY Ra

Fuan MANUHNURINAE Ra (pm)
1 2 3 4
1 0.002622 0.002443 0.002898 0.002976
2 0.003793 0.003922 0.003552 0.003124
3 0.010990 0.011023 0.010569 0.010275
4 0.003168 0.003267 0.003585 0.003826
5 0.002497 0.002896 0.002113 0.002664
6 0.002283 0.002453 0.002123 0.002687
7 0.003380 0.003564 0.003978 0.003224
8 0.004674 0.004264 0.004975 0.004611
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~ a 4 a = k o 1 <
M195194N 3.6 wamsaaszHaNuLlsUsudmalaneea 2° nuAIANNLYY (Hardness)

Factorial Fit: Hardness versus DC current, Pressure, Ar/N2

Estimated Effects and Coefficients for Hardness (coded units)

Term Effect Coef SE Coef T P

Constant 23.157 0.3169 73.08 0.000

DC current -2.368 -1.184 0.3169 -3.74 0.001

Pressure 0.709 0.355 0.3169 1.12 0.274

Ar/N2 -12.811 -6.405 0.3169 -20.21 0.000

DC current*Pressure 3.248 1.624 0.3169 5.12 0.000

DC current*Ar/N2 -3.500 -1.750 0.3169 -5.52 0.000

Pressure*Ar /N2 -3.317 -1.659 0.3169 -5.23 0.000

DC current*Pressure*Ar/N2 1.769 0.885 0.3169 2.79 0.010

S = 1.79258 PRESS = 137.103

R-Sg = 95.55% R-Sg(pred) = 92.09% R-Sg(adj) = 94.26%

Analysis of Variance for Hardness (coded units)

Source DF Seqg SS Adj SS Adj MS F P

Main Effects BIEE ES(CHB7AT RN 3 6.1, 77 453.92 141.26 0.000
DC current 1 44 .84 44 .84 44 .84 13.96 0.001
Pressure 1 4.02 4.02 4.02 1.25 0.274
Ar/N2 1 1312.90 1312.90 1312.90 408.58 0.000

2-Way Interactions B 270.40 270.40 90.13 28.05 0.000
DC current*Pressure 1 84.39 84.39 84.39 26.26 0.000
DC current*Ar/N2 1 O0%%.908 97.98 97.98 30.49 0.000
Pressure*Ar /N2 1 88.04 88.04 88.04 27.40 0.000

3-Way Interactions Ik 25.04 25.04 25.04 7.79 0.010
DC current*Pressure*Ar/N2 i 25.04 25.04 25.04 7.79 0.010

Residual Error 24 Thr5=2 Thel/ Lk 24 3w 21
Pure Error 24 <[ 82 T A2 3E82 1

Total (3% M7 34T 38
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Lﬁﬂﬂ1ﬂ1§‘W‘Niﬂﬂﬂiﬁ/\l@ﬂ‘ﬁv‘lﬁﬁaﬂ (Main Effect Plot) UDINW15 10D TANNE ADAIAIN

<3 a A A a o £ Y 14 =
194 (Hardness) WIAAD1 “lumamaa‘um MoN NUFUITUNATOUABNTLUIUNS 015001, 5
= a [ A 1 Y a 14 g’/ A a 14
goanadamesa mumﬂumwm 3.1 WU AU INMe NN 2 Ao WIS1HRDS

[ J 1 ) 4 v @ 1

ﬂi%uﬁiW%W(DC)MﬁgﬂﬂiWﬁ?UiZﬁ?Tﬁﬂ%@?ﬁﬂﬂuﬂUﬂWunTﬁﬂﬂu(AﬂN)%$1N%u1uﬂ1§

a < J a PR Aa A 1 1
Lﬁué}wm (Reference Line) 1ugLu3LLﬂuuau LLﬁﬂﬁiﬁLWu’ﬂWTﬁTNmﬂﬁﬂﬂ 2 fl@‘Vl‘ﬁWﬁ@lﬂﬂ?

] Aa { o § 4 ! A 4 o
AUV (Hardness) N'Jlﬂﬁ’f)ﬂ ﬁizﬂumwm%uu 95% ﬁ?ﬂlguﬂi”lwsllﬂﬂWTﬁTﬂJLﬂﬂiLLiQﬂu
a < 1 a 4
(Pressure) ﬁ]%"lJHTUﬂ”Iilfgfll‘!gN’EN (Reference Line) Gll!LLU'JLLﬂLlLlE’Ju LLﬁﬂQiﬁLﬁU?TWTﬁﬁJm@i
o [ Aa A 1 1 < Aa A ~ o A ) v s Y
ﬂﬂﬂa13MﬂﬂﬁWﬁﬁ@ﬂ?ﬂﬁ?MMmﬁ(Haﬂhe%)WQWﬁﬂllWigﬂﬂﬂﬁﬂ%%ﬂﬂu5596%1ﬂﬂﬂﬁWﬁﬂqﬂ

a a J a a @ a Jd 1 ' <3
%1ﬂﬂ13Wﬂ15m1Nﬁﬂ1Tﬂﬂi1$WﬂiTN@ﬂﬁWfﬂ4ﬁﬂmﬂﬂW151M!@ﬂi@1ﬁﬂ ADATANITULLUN

o J v

9
(Hardness) AaAaou IanuasandesdunuinunadnianmslszuitanadisTsunsuaa

[

a0a aauaaalua1san 3.6



Main Effects Plot for Hardness
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d‘ = 4 a = k v 1 a d'
M3190 3.7 wamsuazraNulsdsiumaanesea 2° A uAANUNRIIUHLRTY Ra

Factorial Fit: Ra versus DC current, Pressure, Ar/N2

Estimated Effects and Coefficients for Ra (coded units)

Term Effect Coef SE Coef T P

Constant 0.004201 0.000055 77.02 0.000

DC current -0.001363 -0.000681 0.000055 -12.49 0.000

Pressure 0.002770 0.001385 0.000055 25.40 0.000

Ar/N2 -0.001853 -0.000926 0.000055 -16.99 0.000

DC current*Pressure -0.001716 -0.000858 0.000055 -15.74 0.000

DC current*Ar/N2 0.001832 0.000916 0.000055 16.80 0.000

Pressure*Ar /N2 -0.001151 -0.000576 0.000055 -10.55 0.000

DC current*Pressure*Ar/N2 0.002342 0.001171 0.000055 21.47 0.000

S = 0.000308504 PRESS = 4.060793E-06

R-Sq = 98.92% R-Sg(pred) = 98.07% R-Sg(adj) = 98.60%

Analysis of Variance for Ra (coded units)

Source DF Seq SS Adj SS Adj MS F

Main Effects 3 0.00010373 0.00010373 0.00003458 363.29
DC current 1 0.00001486 0.00001486 0.00001486 156.11
Pressure 1 0.00006140 0.00006140 0.00006140 645.16
Ar/N2 1 0.00002747 0.00002747 0.00002747 288.60

2-Way Interactions 3 0.00006102 0.00006102 0.00002034 213.71
DC current*Pressure 1 0.00002357 0.00002357 0.00002357 247.61
DC current*Ar/N2 1 0.00002685 0.00002685 0.00002685 282.13
Pressure*Ar /N2 1 0.00001060 0.00001060 0.00001060 111.39

3-Way Interactions 1 0.00004386 0.00004386 0.00004386 460.87
DC current*Pressure*Ar/N2 1 0.00004386 0.00004386 0.00004386 460.87

Residual Error 24 0.00000228 0.00000228 0.00000010
Pure Error 24 0.00000228 0.00000228 0.00000010

Total 31 0.00021089
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