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Abstract

Diamond-like carbon (DLC) and Nitrogen doped Diamond-like carbon (NDLC) films
were deposited on AISI H13 steel and commercial grade slide glass by Plasma Enhance Chemical
Vapor Deposition (PECVD) technique at frequency 13.56 MHz by using Argon gas (Ar), Methane
gas (CH,) and Nitrogen gas (N,) as precursor gases, on varying of precursor gases flow rate,
temperature and RF power. To determine functional group and sp3/sp2 ratio were using Fourier
Transform Infrared (FTIR) and Raman spectroscopy respectively. The mechanicals properties of
the films such as hardness, adhesion force between films and substrate, film friction coefficient and
thermal resistance were measured by nano-indentation, scratch test, tribometer ball-on disk type
and thermalgravimetric analyzer (TGA) respectively. The results of FTIR are shown all of the films
have functional group of C-H at wavenumber 2800-3000 cm’ indicated that our films are DLC.
The results of Raman spectroscopy show D and G peak in range 1360 Tt 20 and 1580 % 10
respectively. The NDLC films have a better hardness, adhesion force and thermal resistance than

DLC films. But friction coefficient of DLC films was lower than NDLC.
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1.2.1.3 Yata@3¥ (Fullerene)
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(AN = www. http://bfi-internal.org/dsnews/v9 no7.html, Fuduiiie 24 wyeu 2557)
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1.2.1.4. o IUAISUBY (Carbon Nanotubes)
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1.2.1.6. MSUBUAMEINY S (Diamond-like carbon, DLC)
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m3ah 1.1 1WSeuienauiavesInseaieodagiv (amorphous carbons) MU diamond,

graphite, C,, 1101 woatenau (Robertson, 2002)

sp3 (%) H (%) Density Band Gap Hardness
(gem’) (eV) (GPa)
Diamond 100 0 3.515 55 100
Graphite 0 0 2.267 0 -
Cq 0 0 - 1.6 -
Glassy C 0 0 1.3-1.55 0.01 3

Evaporated C 0 0 1.9 0.4-0.7 3
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M99 1.1 (Ae) louiisuautiaves Tnssai1eedaig1u (amorphous carbons) i1 diamond,

graphite, C, L0 WoaloNaU (Robertson, 2002)

sp3 (%) H (%) Density Band Gap Hardness
(g cm”) (eV) (GPa)
Sputter C 5 0 2.2 0.5 -

ta-C 80-88 0 3.1 2.5 80
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ta-C:H 70 30 2.4 2.0-2.5 50
Polyethylene 100 67 0.92 6 0.01
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e +C,H,— 2CH+¢ (1.6)
e +CH,— C+CH,+e (1.7)
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v
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9 Y A -18 1% o < v A 1 & kY
ﬁmuzﬂ‘i:ﬂu“lmwmﬂizmm 10 s wmmﬂuumaummaﬂ@iauﬂzﬂaUﬂMQﬁa1uzquiau
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nlaatldeendsnueeninluglaaumimanlii dedlurnanueneauiaansomiu

9 .. . 1 1T R v o A o 4 1 %)
Vlﬂ (visible llgh‘[) ﬂ'liLﬂaﬁllﬁiﬂlflﬂWﬁWﬁMWﬁHfﬁﬂU\?ﬂ\iﬁﬂ‘]&lmgﬂlﬂﬁLlﬂﬁﬂllﬁﬂ@’lul@ LB LN

J ' a [ 1 I A £ =
215N0UILLY AAITUN @1ﬂ”|ﬁllﬁ$Llﬂﬁhlui@l3!,’1]1!’1]85&‘1]?3\1LL?NLﬂuﬁ%uﬂu“ﬁﬁﬂﬂﬂﬂﬂﬂﬁﬁﬂ']’w

nizdu Tuanaveslulasiu

1.2.3 nszuaumsanazanlomil (Chemical Vapor Deposition, CVD)
A = . L. A A A
msnaeu lenrual (Chemical Vapor Deposition, CVD) A9 A131AQ0UTIANIO
<3 d‘ﬂ} 9 Aaaa A o (2 o
tm“ﬂszﬂemammmaumaﬂgmmmmm’mum NNTDIUSLNE (ulf’J) MNUUITATIU
A A A Y 9 A
(substrate) msmaammwmﬁzau"l@mu llﬂii‘lclﬁ11‘!ﬂ’JN“'IJTJNG|,uQ@]ﬁ"I1’iﬂ§§3J LUBDIVIN

o A A v a A Y < 3 A ~
’GTHJTii‘l‘1/]1ﬂ1i!ﬂaﬂﬂﬁ1ﬂ1’i’iﬂﬁ1‘iﬂi$ﬂﬂﬂhlﬂﬂﬁ1fl‘]5uﬂ ﬁ1h1iﬂlﬂaﬂﬂllﬂ‘i’3@!,i’3 FUINADUY
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o a LY A o Ay v A Yy amxd '
ANVUHRUITUUTUD UTNITUUDY L!.a8ﬁm”li0Lﬂaiz)‘U%ﬁﬂ’ﬂUlﬁJﬁWﬁmﬂa@‘U"lﬂﬂ’JfJDﬁE]uc] (LGIS‘L!

[ 1 ] o 4 { A
msmaeuale 1) dedramsldan wu mawden lnmidiouas lug (Tic) Mlnmaniia
Y, = A A a < Yy A oA 3 .
AUMUMITNHIONGINN TasNIzNguNge adUWRaNNAAT0NeAWTIA (high

=~ :/l A £ o Y
speed tool steel) Tagflinnuruivessuadoulszanm 5-8 lulaswas  Fevzildawise
1 o
gao1gm3ldauldon 3-8 w1 nemamdeu lnmidion (Ti) wiewwes laioy (2 asuu
Qy [ o ] 9 ~ a A A Jan . 9 ad
Fudrudmsulsnungurgiqs  wiemsnaeuresFanew (silicon wafer) A2835013
A a o o . .. S| 9y

iwaeulaniuainiuauan (Low Pressure Chemical Vapor Deposition, LPCVD) uau
o o Aaaa = A = ] Y
dwisvignseuaiivesnszurumandaeu lemuail ensonuialaiiv 4 Uszin
(N7 : http://www.isit.or.th) ASEUNSA 1.14-1.17

LUfRsemanaImeannudon s SiH, (g) — Si (s) + 2H, (g) (1.14)

2.105e15AnT0 15U 2BCl, (g) + 3H, (2) — 2B (s) + 6HCI (g) (1.15)

3.1J§ﬁ?ml,muﬁ 151 CrCl, (g) + 2Fe (s) — Cr-Fe alloy (s) + FeCl, (g) (1.16)

4.1J§]ﬁ§8”| proportional 151 2TiCl, (g) — Ti (s) + TiCl, (g) (1.17)

1.2.3.1 Fumeumsthalsenanazanlomanil
k4 9 E4
Ufnsemugvesnseimsanazaulomnil Usznoudreduaoulugq azilldasi
QBJ} a aAan 2 d‘
waggduaastunsumsinailgnssdauaaslugili 1.8
T o a { o a d
1) unsunandn i luysnansgdimsdgnilay
QSJI 9 [ o Aaan [ o Iy ¥ c?/} 9 d' o aan [
2) asasduluanzunaezinl§isendu i laasasduniilgaseriu (Precursor) Hay
A 1
a1sasdui li1dinlgasernu (By-Preduct)
Reactant (g) + Reactant (g) —> Precursor (g) + By-Product (g)
3.) Precursor NilAsentuag lianasuuiangiv (substrate)
a A 09// Y . = aaa AA A d?
4) mamsnlasuaniugyeesdeal (Precursor Adsorption) WYY UPATeNANINAYL
1 a d £ o Y A (9 ~ =KX A =
seiannszuaumstgnilan e ldezeouiiluunanes Twanaiaz ldadamaniiny
A veeTdngIu (substrate)

Precursor (g) —> Precursor (s)
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{ 1Aa 1 @ a { ard
5.) Precursor NognAvtazuns lldausnundesmsignildn
a aaa Ada Y & Yo & Ay
6.) nalgnseuaiinmvi vz lailaundesns
Precursor (s) —> Film (s) + By-Product (g)

Y [
7.) INAMIMEETAIAU I AT §A50171 (Desorption) Ao N131/aoe By-Product 00N

[

aaa Aa Y
1N NTeMNHININTefFIU (substrate)

a { ad
8.) 99 By-Product 09n9nUTNUNABIMIUgnildn

Main gas flow region

B
N

Yyvy

Gas phase reactions

@

O

Desorption of
volatile surface
reaction products

2

Redesorption

Transport
to surface

of film

l Surface precursors

Nucleation and
island growth

Step growth

dlliuslon
/ " t/ /f/ //// s
/ ﬁln?mrpccl:ﬁ?bco)r Suﬁacc reactions
oy Py //////////

5U0 1.8 uaanlfiseimsanazaulonll

(NN : http://cnx.org/content/m25614/latest/, Fufwile 25 wyew 2557 )

1.2.3.2 TuseumsinalfnsnanazanlomaniiaSunwaraan (Plasma Enhanced Chemical

Vapor Deposition, PECVD)

J v

mylgnilauarelgasensanazan lonliasunarau (Plasma Enhanced Chemical

o 4 T Q
Vapor Deposition, PECVD) vz I9wasaiuaauuiman i lumsnszqumsuan Tuanaiiu

a

[ ] v 9 v
gqaana Tasanudvesaduingilsiuegiuauniilllszgnd Ta

Q U

narau luanio

ee

[
=

A luawumuiu1dun 40 kHz 400 kHz 13.56 MHz 12 2.45 GHz lagozaouiluanoon

9

o aAan -2 d! 1 L%}
vz liifausenuey @muauq Lwaﬁiwmim@m 11de] 58171 (Precursor) #4992 11/ A1)

uagilfnserduAmivesiaagiu mumsmmummﬁamﬂmsmﬂﬁﬁ?m (by-product) N
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uRu@i 2 uruvuuRY Feegvranu liunidin uazansolSuszezvialddmsuiims
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Plasma Enhanced CVD System
inert Process
Gas Gas

Nk

By-Products

51U 1.9 naasmeluanlnsomsanazean lomlasunataun
(INE http://encyclopedia.che.engin.umich.edu/Pages/CVDReactors.html,

=) A
aqun ‘L!Lll@ 25 IWHIYU 2557)
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3 09/’ { o Aaaa [ v A o a Aaaa
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Y] . 1 = [ aaa = 3 :JI 9 aaa
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a s T 2 v
M1919N 1.2 mﬂﬂizﬂaummﬁmmmmaﬂﬂmmiamaﬁm’immﬂmgﬂ‘mumm AIST H13

(J.R. Davis, 1996)

Element (%)
C Si Fe Cr Mo Ni \Y
0.32-0.40 1.0 >90.95 5.13-525 | 133-14 0.30 1.0

. vAa ] Y L s 1
ﬂ1§1\‘iﬁ 1.3 ﬂmﬁnuwﬂwmﬂm‘wﬁummaﬂﬂmm?mﬁa AISI H13 (Thai-German special steel

center, 2010)

GLIGEGI gamgiinagey
MINUANNIBY (W/m*K) 20°C 350°C 700°C
amnouoau 27.2 30.5 33.4
amnuudawaza AU 25.5 27.6 30.3
Suszansmsvenedimanny gumgiinagey
o319 20°C B3 (10° 100°C 200°C 300°C 400°C
m/m*K) 10.9 11.9 12.3 12.7

4 A < 4
M15197 1.3 (@) AMANTANIINIENINYDUNANNAUATOIND AISI HI3 (Thai-German special

steel center, 2010)

guilszansmsvenadimanny 500°C 600°C 200°C
3015241314 20°C 94 (10° -
m/m*K) 13.0 13.3 13.5
o oad a gumginagey
Fulszansmsaana
R ) 200°C 400°C 800°C
(100 N/'mm = GPa)
224.9 213 124
ANHYANN3oUN 100°C (J/-°C) 0.44
ANNHHIMUY (g/em) 7.85
AMNMINNHAn a3
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Y wva <] :
M3197 1.4 Auanian1eanaveurnannan3esiio AISI H13 (Thai-German special steel center,

2010)
MANUUT W QMHINANDY
(Hot tensile strength) 20°C 200°C 300°C 400°C 500°C 600°C
0.2% Y.S. Min 1240 1150 1070 940 750 400
(N/mm2=MPa) max 1370 1320 1240 1130 910 590
U.T.S. min 1420 1370 1290 1180 990 640
(N/mmz) max 1560 1530 1425 1320 1130 800
min 29 29 29 32 35 48
% R.A.

max 45 45 45 53 59 77

mnlszansmsin aUHHUNATOL

Q U

GQIJ’JEinN/mmZ(XIOOO) 20°C | 100°C | 200°C | 300°C | 400°C | 500°C | 600°C | 700°C

< A g 4
ﬂﬂ!!mﬂ!!ﬁ%ﬂﬂﬂuﬂﬁi?’i

ANUNAIN 43 HRC 216 212 206 200 193 185 174 161

HAZNATOUNYMUHYN
aUooUIaTNATIUT
217
20°C
p 3
gundaaznaaeui
208
20°C

% Y

av A
1.3 MU YNINYIVDI

Pl

9
lugaainssunsnasegiiiisniiunszuiunsvaeiugilegiiionnunia (Die

9

. S @ Aa ' A an AA o a [V 9
casting) ‘Llul,‘]_]l!ﬂuflll@EJN@;QLH’ENiﬂﬂ’J‘ﬁﬂTiM%J@@]ﬁWﬂTiWﬁ@Wlﬁx‘l uazmmaamunuiu

Y

D.

a Y I 1 A 1ra P 9 d?’ Qy A ra 4
ﬂi%‘]J’Zluﬂ1iWﬁG]llﬂlﬂu’ﬁ]&ﬂdiﬂﬂﬁl,u!i’é)\ilLJJWiJWTIGl‘]fGluﬂWi"UUiﬂ%uQWU IHDIVTNUUNUN

u

a

o [ i Aa s = qs/l o < £ g 3 A Y o [ 9y
M IUNUNADDFUIHINLUURAUUNMINLKAN H13 “]f\il‘].]l!!ﬁaﬂVll!fllliGIfﬁ"lﬁi‘]JQTHi@u (Hot

J o

work tool steel) 9971 1 a1u1sorhulnuinduu 1F vy 18 uaiielda1u llszezinaivila
9 Y

1a I3 A = d%l 9 A 1 Ty o Av a & @ 1A o
LLNWNWﬂLﬂﬂﬂ?TﬂJLﬁEJWTEJﬂJu]lﬂ (';]j‘]J‘V] 1.IO)IﬂﬂﬁﬁuiﬁﬂJuLLa'J‘]_]ilJuW"ITlﬂJﬂlﬂﬂsUuﬂ‘IJLLiJWZJWHH

o & o A o Y ! Yy A 9 . o
nﬂﬂmﬂuﬂﬂgmmﬂmummmu 1BU ANUAUUDINNAIUIOU (Thermal fatlgue) N13NA
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1 4 a 3’ 1 [ - v A (=Y Jd . a 1a 4 oy
ﬂi@u!ﬁf’)\‘]ﬂ1ﬂQﬂlﬁQNﬂlﬂﬂu11aﬁ$ﬁﬁNWﬁﬂ“]JN?LLiJWiJW (Erosion) NMINIEAALNNNNUDIUN

4 a <Y 4 a 4
TanziiloiAan1519967 (Soldering) MTHUANIHBIIINAAANUIAUILDIDIALTINTZUNAVD

P4

Lzﬂﬁuﬁmmzﬁﬂéﬁug 51 (Stress crack) C. Mitterer, (2000)

stress cracks § soldering § egosion § heat checking

 Ding e -

d' ~ A a 4%‘ 1a s A 9 .
gﬂ‘n 1.10 ﬂ'JuJlﬁﬂﬂ’lﬂﬂlﬂ@ﬂ]usluuﬂwm‘v\lluﬂ\‘lfl]’lﬂﬂf]’lllﬁ'ﬁ]u C. Mitterer (2000)

msquaineazFeuhuminiiomanNuEssloINARAINA1IT19A U

H Y
dAA o

o 9 a1 v A Y ra A A a 42}
ﬁulﬁﬂ‘1/]1]1@]1461EJ’J‘ﬁL“]f‘Llfﬂi"l]ﬂW’JWu1LL3JW1]WT]3Ju1IﬁW3Lﬂ1$ mn%amammmmmuiu

] [

Qy 1A dy 9 1 dy o 9 J d' 1 o Y a Qy
FUITU LWI’J‘ﬁ‘]J"Ii\‘ﬁf‘l’]el1L1Ji’f]\1GILl!fﬁﬁ']Llﬁ'n]13ﬂﬂ?ulﬂ@iWUm”mUliJﬂﬂﬁgﬂﬂi\‘]L@Ii]‘l]f]\i FUITU

Q

9 a g9

a 4 a @ 1a o a
m@mmﬂammﬁau"lﬂmﬂmnnmuﬂ Glu'ég@ﬁ'lﬁﬂﬁiiJL!MWMW%\?Gl“]f!VlﬂuﬂﬂWuﬂWiLﬂa@‘UW'Jlsfh

U a

] ra 4 @ 4
NT%?&%@@TQﬂTSi%MULLNWNW Tﬂammmmmiwwmsmﬁau”lwmwuﬂmumm
@ 9 ] A . . ' A < Y 1a g . 1 A
mmm&mumﬂwm U @19aou TiN TiC "lf’JEJl,WﬂJﬂ’JHJLLGUQGlMLLﬂLHJWiJW Tl(C,N) BIAYLWNUY
<3 " @ Aa 4 1 a a o
ANNLUazanmdulssansanudsanIu Ti(B,N) (TL,AD)(C,N) ¥gaanN15NADDNHIAYY
C. Jarms t1agAMe (1998) C. Heau UazAdle (1999) H. Jehn ttazAe (1986) J. Laimer UASAMUS
& A A 9 A A A 9 aov dyd = A A
(1993) mmﬂuﬂﬂﬂumimaauwanmi%iumsa YUND ﬂigﬂ’luﬂWiﬁﬂﬁgﬁﬂJ]l@Lﬂll HIv B
= . .. [ A a o =
A (CVD : Chemical Vapor Deposition) Wunszuaumsnasuni lage1denszuIumsnIaaL
o o aaa @ I < 1
Tagi Idaasaniue lohgasendu udnarailuaisisznovaniuzvewduniovoguu

aaa 1Y

Qy £ A 1 I~] Aaan 9 =R o 9 9 9 T
¥ Faladalgnsedenarniulfnsegannuseudssuiudelinnuieuuniaggiu
d' Y A d' 1 [ o aan (% Qd’ 9y 1o z =

e lvmsinasuNeguuIaggIuilgnenu TasguvginlnunJaagiuiue1agada 900 -
1,000 °C K. Spear (1989)

[ Jay o J @
L. Marcinauskas 181& A. Grigonis (2007) ﬁﬂ‘]&l']ﬂ']ﬁﬁﬁlﬂi’]gﬁwauﬂ'ﬁﬂﬂuaﬂﬂujﬁﬂ

A A

gwiiflundudanou (111) A2033na1aunInEIa (Plasma Jet CVD) 3111 Tao1FuRe

a I uszl o a 1% % A
pziwnau (C,H,) Wuamsasdulumsildinanlar Iiaeldnnuduussens seguugiin
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F) [ I o J 09/’ d? "o 1 1 &£ Ao [
15lumsdunsieniaumsuouiUIUEN LA IEINTEHIN Ar/C,H, BINoAI18IU Ar/C,H,

U

A 12 60 uag 100 gunniaagiuilu 480 930 uaz 980°C AmwEIRY 1AKANITNAADY

1
A

1 1% 1 4 o ad J
WU IWBBATITIU Ar/C,H qﬁu NI INIANTLTUVINANAITVOUAARY LAZIINHANIT

4

a A a ~ VA [ 2] an
Anszvimatadursusaanlalasalnil (FTIR) wululeansnsins lvaveaunaozisnay
o Yo 1 2 3 1A £
e lddadiuves sp’ uag sp’ YANNUTY
= v Ao 1 9 a o

S. Rahman tagaAae (2012) ANHIANUAUNINAAD IATIFAS19V0INaNINYT Ine
@ sy o [ A & ] aAaAaA o
duasigniamnysasvuiaagiuiniuududanou (10042835537 Iave1doua

Y} A = ~Aq ¥ 3

a9AAU30U (Hot filament CVD : HECVD) 31f1.1143vaa%an 1 lunisnaasuiluvaain

o 9y o ' ~ A o v '
UNUNIFY (Tantalum) taz lFuAaHaNsrINImY taz lalasau Noas1aIu 2 8o 200
AR 1AY mmmw%“lumsmamaw 2 118% 5 N0T (266.6 LAY 666.6 Pa) YUY ﬁ“ﬁ“l%mlu

[

o [ 1 { a 9 1 y
N1TNADBN ﬁ'WWT]J'JZ‘Tﬂ§1uE]EJﬁ 800°C uazqmwgmmmmmmuagﬁ 2,400°C 91HNAN13

U

a 4 = A A [ I J
Ansiznsnudnlasa latdwuninmsmuanuaun 211u 5 nes (266.6 L1ag 666.6 Pa)
0 a : J I
1/]”Iﬂlﬁliﬂiﬁﬁ%lNLﬂﬂﬂ”l'iL‘]JafJ‘LlLL‘iJﬁ\‘]ﬁﬂﬂﬂ']ﬁU@uﬂ%WﬂLW%’Sul‘]JLﬂuiﬂiﬂﬁ%NWﬁ”IEJWﬁﬂsU’ENLW“]ﬁ

Tuszauu1Tu (nanocrystalline diamond structure)

Y
o @

A A Qddd o =K Y
IHBNNYUHIDN Wlsﬂumimmﬁ Wﬁﬁmﬁ@‘ﬂﬂ’lﬂ’l‘ﬁ uuqqmﬂwﬂumamﬂﬂ

£ 4
v A

o % 1 a A an g @ 1a d o <
TN TUBUIIU cdﬁﬂmmq@amﬂi‘m*ﬁaa@amuEméf’gmﬁmiﬁﬂﬁuiﬂuuu,mwuwmmnmaﬂ

U

H13 B3iigungil 845 °C 9g Lﬂu@mmmuaau J.R Davis (1996) Gzl lasearaauueq

U
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Qa' a =) 9 09.:} =K A a Y a o aaa 1
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[ 4 A A A Y A ad 4 Y a 4
109 Qﬂﬂﬁﬂ!t!ﬁ%!ﬂi@ﬂﬂﬂ‘l’l1%’11!ﬂﬁ%‘]J'Juﬂ"I'ilﬂﬁ’f)‘]J‘l/\lﬁiJﬂTi‘U'ﬂﬂﬂﬁ"lleW%i AUNTICH

HATNATOY AIA1T 19N 2.1

~ o P A A Aqw
M13199 2.1 Tarq gilnsal taznieslenlrlunsnaass

@

A A L4 =\ a Y Aa [
1n303i0 91lnyal Lazasnll UTHNANAA (SIS TEgY 31

=)

Substrate materials

H 13 steel Modify 2.1(a)
(& 25 mm, thick 3.5 mm)
Glass slide Rabbit lab CAT No. 2.1 (b)
(25.4x46.2x1.2 mm") 7101A

Vacuum system

Rotary pump Leybold Trivac D 16 2.2 (a)
BCS-PFPE
Air cooling unit Leybold Turbovac 855 2.2 (b)
31/41
Turbomolecular pump Leybold Turbovac 151 2.2(c)
C
Turbodrive Leybold Turbo.Drive 2.2(d)
TD20 classic
Penning Gauge Leybold PenningVac 2.2 (e)

PTR 90
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M319712.1 (@v) Yaq gilnsal uazinTesiionl¥lumsnaaons
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in3eaile gUnsel tazasiadl UsHNANan HUDTU Eﬂﬁ
Pirani Gauge Leybold Thermovac 2.2 ()
Transmitter
TTR 91
Pressure display unit Leybold Display Two 2.2 (g)
RF Generator Stolberg CITO 1310 2.3
Mass flow controller unit
Mass flow controller MKS 1179A 2.4 (a)
Instrument
4-Channel Readout MKS 247D 2.4 (b)
Instrument
Substrate Heater
Heater Modify 2.5
Power supply Modify 2.5
Ultrasonic Cleaner Crest CP 200 HT 2.6 (b)
Ultrasonnic
Chemical solution and Gasses
Acetone J.T. Baker 2.6(a)
Argon Gas 2.7
Nitrogen Gas 2.7
Methane Gas 2.7
Fourier Transform Infared (FTIR) Bruker EQUINOX 55 2.8
Spectroscopy
Raman Spectroscopy JOBIN YVON T64000 triple 2.9

HORIBA monochromator
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in50siio gunsal wazarsiall VTHNANEA HUVTY 17
X-ray Photoelectron Spectroscopy (XPS) Kratos AXIS Ultra 2.10
DLD
Scaning Electron Microscope (SEM) JEOL JSM-5800 LV 2.11
Thermal gravimetric Analyzer (TGA) Perkin Elmer TGA7 2.12
Nano indentation tester CSM NHTX S/N: 2.13
instrument 02-02877
Scratch test CSM RST S/N: 01- 2.14
instrument 02877
Wear test CSM High 2.15
instrument Temperature
Tribometer

[

51 2.1 Far

=q I
agunldlumsnanes

(a) nszana'las (b) H13 (c) HI3 Nvaf)
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Turbo.Drive TD20 classic

DISPLAY TWO

-y

51 2.2 gulnsain 1 lumsmasuildumsveundromys luduszuugaanma
(a) Rotary pump (b) Air cooling unit (¢) Turbomolecular pump (d) Turbodrive

(e) Peening Gauge (f) Pirani Gauge (g) Pressure display unit
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[

gﬂ‘ﬁ 2.5 i:UUﬂ’JUﬂNQﬂm{]ﬁ 99314 (Heater controller)
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510 2.6 gnsaluazenswiinlFlulumsinnuazeraiaagiu

_ q

(a) SRR (Acetone) (b) Fedudans1 ain (Ultrasonic Cleaner)

H o A a7 P
51U 2.7 unanlFluszuumsmaouidums uouad WS
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(Fourier transform infrared spectroscopy, FTIR)

517 2.9 1n5eawuan)n Tnsa1atl (Raman Spectroscopy)

5109 2.10 nFos Tz ngse I Tnddnasouailalasa 1nd)

(X-ray Photoelectron Spectroscopy)
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gﬂ‘ﬁ 2.15 Tribometer (Ball on disc)
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2.2 MIAVUUNMINAADY

A = a A o 1 Aa 1 ad o F) KX W A
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v} day d d Y
2.2.1 MIFAATEHNauMS U UARIINYS
2.2.1.1 DaNFINAN 1 : MIASLUBTUNUAIDENT
o 3 o @ Qy 4 v o a
1. iwwan HI13 yihmsdanihduanudionIesdanunsza1ensonagmaozgiu
o s I3 Yy v A o 9 a A
2. nszand'lad uazvman H13 a1adeniesdandi latinluesdlau
Y )
3. whyuanulduiedranso s muy
o Qy 9 A
4. B UL ATEI PECVD

v
v ! I v A

a Y ard
2.2.1.2 ﬂﬁ]ﬂii&l‘ﬁ 2: ﬁnu1tmi;nu‘nmu1zi;mmawmunaumudanmﬁﬂwau DLC

A

o Sy o o 7 A
11!ﬂ"|3'ﬂﬂﬁf]\1ﬂﬁﬂuklﬂﬂjﬂﬂil'ﬂﬁﬁ']ﬂ'ﬁll“l’ia‘ll@ﬁllﬂﬁ'ﬂ"liﬂ'ﬂu (Ar) 7N 20 sccm Qﬂ!ﬁfm

QU

[

[ A @ QY A A [
aqgu uag ldlSunlasudasinms Inaveunaiimu (CH,) 91510 15 20 1az 50 scem A9

uanaluaisiean 2.2

a a oA @ @ A
fM1919N 2.2 W’li’]iJL@’f]iﬂﬁﬂ‘H’]f]ﬁi’lﬂ’lillwaﬂl@ﬁllﬂalllﬂu (CH4)

Condition Ar (sccm) CH, (sccm) Rf power (watt) Temp (°C)
1 20 5 100 300
2 20 10 100 300
3 20 15 100 300
4 20 20 100 300

5 20 50 100 300
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a d‘ =S 4 d’ d’Q d‘ a d‘ a lo)
2.2.1.3 NANTINN 3 : ﬂﬂ‘lzﬂﬂ1E’Nslli’)Qﬂﬁuﬂ31Nﬂ?ﬂ€4ﬂ!ﬂ“1$ﬁﬂ1uﬂ1§!ﬂﬂ DLC Ngautigu 25°C
05/' dy 9 Y] [ 4 [ =|
Gluﬂ1§1/lﬂaﬂ\1ﬂi\‘1ullﬂﬂ'J‘]JﬂﬁJﬂ@]ﬁ']ﬂWiulﬁﬁsll@\‘lllﬂﬁ@'lﬁﬂ@u (Ar) Loy unauny (CH,)
A o w Yy o = o w A Aa A
N 20 iag 15 sccm ATUAIAY uaz"lmlmiﬂsmﬂaﬂumawmﬂaumma’mq‘w 50 75 125 150

175 uag 200 sccm aauandlua1319n 2.3

q‘ a P o W A Aa ~ a9y
AN 2.3 WNITTHADINANEINIAIVDIAAUAIINDINYNYUVHUYIO

Condition Ar (sccm) CH, (sccm) Rf power (watt) Temp (°C)
6 20 15 50 25
7 20 15 75 25
8 20 15 125 25
9 20 15 150 25
10 20 15 175 25
11 20 15 200 25

' v v
o v A = = a

2.2.1.4 fanssunii 4 : AnmasvesnaunnudIngiminzanlumsina DLCQuvgi300°C
09/’ dy Y o 24 4 Y A
Tunsnaaensaii ldnruguenims Inaveaunaeisneu (Ar uag unalimu (CH,)
~ o w y o =~ o w A Aa A
120 uaz 15 scem A wag ldlimslSunlasuidsvesnaunnudingn 50 75 125 150
175 182 200 scem AaLeradlua13199 2.4

o w A

M3190 2.4 Mswes NANIMAeInauANUD NGl 300°C

Condition Ar (sccm) CH, (sccm) Rf power (watt) Temp (°C)
12 20 15 50 300
13 20 15 75 300
14 20 15 125 300
15 20 15 150 300
16 20 15 175 300

17 20 15 200 300




39

U

2.2.1.5 Hanssadi 5 : Anmndadruveandalulasnuiiminzanindvesnaunuding 100

U

d
A9

Y
o 14 = Y [

o Y A 7 o oo Y A A
na991n ldmndmes lumsdansigdnaumsvoundromessiiosdune Noas1ns
Y ~ ~ a o = 9Y o a
Tvavounaiimu (CH,) A 15 scem tagigaurgidiaggiu 300 °C 39 1Ak imsnaaeuausIg
(2 o [ { v {
TuTaswunnunglulasu () Taedinmsdsunlasusasimsivan 5 7 10 12 15 20

25 1@ 50 sccm AR IUAI19 2.5

d‘ a o’ti‘ﬂ [ t:' o w d’ Ai'Q v J
M1319N 2.5 W"Iﬁ']lllﬂ@ﬁ‘ﬂﬁﬂy']f]@]3']ﬂ1§]1‘1‘ia61]@\1 N, NOERUYNAAUAIINDING 100 INH

Condition Ar CH, N, Rf power Temp
(scecm) (scem) (sccm) (watt) (°cO)

18 20 15 5 100 300

19 20 15 7 100 300

20 20 15 10 100 300

21 20 15 12 100 300

22 20 15 15 100 300

23 20 15 20 100 300

24 20 15 25 100 300

25 20 15 50 100 300

o

2.2.1.6 Nanssud 6 : Anndadivvesudalulaswuiiimnzaniimdnaunuding 200

U

d
1119

naan laduaieindumsvoundomysn 1diins 161 Tu Tasnudaslufanssun

Aa v

1 1 Aa o 1 Y] A o w 4 I
5wy limauszszndn ¢ du N W ldmusidsvesnauanudingiu 200 fad lagag

a e’d‘ Y = @ A [ A
W"IiﬁJmi’Jii’Ju]lTJLGI)'uLﬂEJ’Jﬂ‘]Jﬂ"IiVlﬂﬁ’ENVI 5 aaudaagluasen 2.6
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a A sl o 1Y Ao o A Sa
M1919N 2.6 w13mmasmﬁﬂmammﬁ"lwasumgmﬁ"luTmmuwmmﬂaummmma’mq

200 Sad

Condition Ar CH, N, Rf power Temp
(scem) (scem) (scem) (watt) (°C)

26 20 15 5 200 300

27 20 15 7 200 300

28 20 15 10 200 300

29 20 15 12 200 300

30 20 15 15 200 300

31 20 15 20 200 300

32 20 15 25 200 300

33 20 15 50 200 300

v
\J U

a a =2 o A Aa s ard g v
2.2.1.7 DANITIUN 7 : ANHINAVOINIAIVDIAAUAITNDINYNUADAND Waumiuauﬂmmwm

Q

J J

naann lamntmes lumsdunsizvilduasveuadiomysnlal lulasoun

[

A A o [ ~ @ 4
MU A VI@GIS”Iﬂﬁ]lWﬁﬂJEIQLLﬂﬁNmu (CH) % 15 scem ﬂ@ﬁﬂﬁhl‘ﬁaﬁll@\iL!,ﬂﬁlluiﬁiﬁ]u

(N,) 71 15 scem taggavgidaggiu 300 °C Taginmsdsunldsumidevesnauanudingi

1849 50 1az150 304 dauaaalunisng 2.7

M3191 2.7 madimesnanufagasveuadiemasn 1l luIasnulaelsulaeuigs

AAuYEINNAINY
Condition Ar CH, N, Rf power Temp
(sccm) (sccm) (scecm) (watt) (°O)
34 20 15 15 50 300

35 20 15 15 150 300
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< a(d d kY
2.2.2 ﬂ]i‘i’lﬂﬁﬂ‘]Jﬂ'J“IZJ!!GIJQﬂl@ﬁwﬂﬂﬂ1§ﬂﬂuﬂﬁ1ﬂlwmi
=y o [~ ] @ . . . S
mﬂuﬂmimmmwuqmﬂmﬁﬂmmmuuﬂumm (Nanoindentation technlque) l,‘lJ‘Ll
o < 4 ~ = [ o o
ﬂ'li'Jﬂﬂ')'l?JLL"lJ\‘]sU’ENV\IaiJU'N 5E]ﬂﬂﬂllﬂ31llaﬂ§$ﬂﬂu11uﬂlﬁi VUETNINNINANINALNYIVS
' 0 ~ 9 A A A A A v
Avpyaiimsnaad llfiazdes suruadeumamslasugdnnuunsanguiuuunniis
. . | a d 3 = d . [ {
(Plastic deformation) A281ATDINATITHANNUVINS VU4 (Nano-indentator) ﬂ\illﬁﬂﬂugﬂﬁ
2.13
[} o o 1
HAaN1INATDULEAIANUTUNUTILHIULTING (Load) Llﬁgﬁg‘(’lgﬁﬂ (displacement)
1 < va A 1 vAa = a| o a dy
AIUITDNIATIAITULLUN leI’]JG]ﬂJ'ENﬂ'IﬁEJﬂWEJu ﬁNUﬁﬂWiﬂﬁJﬂJ@\iV\laﬂJ Tﬂﬂl‘]ﬂﬂuﬂuﬁ’lll’lifl

k4
%

a o Y 1 [ A
’Jlﬂi']$‘Vi‘ﬂ\‘]ﬂﬁzlﬁlli\‘lﬂﬂl!ﬁZLhJMLiQﬂﬂ muﬁm“lu“lugﬂm 2.16

1 loading

Load, P

2 unloading

< ad ° Y Y = A~
ﬂ13w1mmwamwauwmmmmmm"lﬂmﬂmmmmmuﬂmﬂaﬂugﬂ IMNFUNITN 2.1

H = PmaX/A 2.1
A A o N A
$V3} H A9 ANULUIVDINUATDY (MPa)
A
P... o mizqwjﬂclumiﬂﬂ N)

¥

A A A
A D NUNTDYNA



42

o 4

zﬂy A 9 Jd o dy A A o @ dy A
NUNUDITDINAAINITON IAATINFUVBINUN F(h) NUANUTURUTAUNUN
FAU19U09HINANUANVANVDINITNA (h) ANUANVDINITNA TUAITIOU 1/10 YDIANUNHUI
ar d ° ya A [ o Y 2 Ay y A & tﬂy ~
Waw msrzazi Inlionswavesgg i Idmanuuiei ldaaamaou Feansamnui

v ~
508nA 1A1NAUNIITN 2.2

A = F(h) (2.2)
F(h)= 24.5h° (2.3)
h,= h_ —[€EP, /(dP/dh)] (2.4)
A A =
Wo  h,, A9 32LANNANGIFA (nm)

dp/dh  fie anuFuveansmlaniz1fusansei (Unloading)

= 1 A %
€ A9 ATFNNVDINING

[ @ 1 Y v o § { o o
mmﬂﬂma@aﬁmm%wqummmm'lﬂmﬂmmﬁuwu‘ﬁmmﬁuﬁﬁwmmz

Unloading Stiffness (dP/dh) A9aun1sh 2.5

2
S= B-EerVA (2.5)
d‘ =) (% = 1
1o S D VoQAANNNIAYEYU (MPa)
B foansivesiing

= ' v A 1 a A
E, foawegaadanguilszdning (MPa)
% Ay 3 o 3 4 2 gl
Falunuiedl laih linageunnundediamioaun Tuduaumnesu NHTX S/N:
o (d - o 2 4

02-02877 : CSM instrument #931/%1 2.13 Taslan 1z lumsnadonaail Mmszgagain 100 mN
@ { @ { 3
8a31M3 1901329 200 mN/min 6A51M31aean13zh 200 mN/min nad1e 1Ailluszeznan 3

a @ { 1] o a
i Tagsinan il uiinamesssiia Berkovich
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afd d
2.2.3 Msnaa@auANNNTsIuMsdamz vl anmsua AR LN S
I Aa
WIATTIUMINATOU ASTM C1642-05 1 uaTmsnadeunianuamnsolumsime
= =\ a A a Y 1 4 4 4 4
dauazgluuuanudenenianavesdunaeuirsin laun a3 lua, Tu'lase, oonlya, sy
A A a Ao < ' A A
(ag DLC maouuu lauenIomsiin NUANMTININAIT S GPa LAazANNHUIRAAADU 0.1-
3.0 Um
™ <
TagsiaTdszvunisnaaeunduudansalun1sdain1e (Adhesion Strength)
Usznoudlediunans 6 dauasgli 2.17 fle
1. 19210 (Stylus)
) v Y
2. 32UVMILAUMIAADUNVOITUNUNAT O
Y
3. szuuusenalumsnadgey
<3 o
4. 1FUIFD3 IALTINA
Y rd
5. NADIYANIIAL

6. szuuuiindeyanisnaaou

Normal Force Acoustic Test Frame
Transducer Emission & Force

Stylus and

Senspr Application
StylusMour\\‘\ |—| |—| / :/

Microscope Computer Control System

& Camera ’/
% i Force
Test Specimen i

Displacement
Specimen —
Mounting leture—“——’m Data Acquisition
X Siage Diive \\Tangertial
/ [ X¥ZPositionng R Force Sensor
Horizontal BASE N

Displacement

Transducer Stage and Displacement Drive

i.lﬁ 2.17 Lﬂi@ﬂ‘ﬂﬂﬁi’)‘ﬂﬂﬂllﬁuJﬁf](luﬂ”lilﬂ"lwﬂﬂ (ASTM C1642-05)

i]1ﬂﬂ1'i1/]ﬂﬁ@ﬂﬂ31hﬁ13\l1iﬂiuﬂﬁlﬂ1$§ﬂ (Adhesion Strength) TagNsaInNVoIH ANYS

o

ya o = a A 1% ~ = [
1/1ﬂmﬂﬂaﬂymzmmmﬂmﬂmmmmaaumgﬂm 2.18 ’1]8’1]S”Iﬂgﬂ’JﬁJLﬁEJ‘I’i”IEJL‘]_]uﬁE’Ng‘]JLL‘]J‘]J

@ mLans 19159 LC1 1ag LC2 amnsofuiIsiiaAs1yaInga (Critical scratch load) 18

) a A ;Wc{ a

Tagaunsn 2.6 Tagh LC1 v WauSunasssuan tag LC2 Ao Wausunamsnzinig
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In
Len = [Lrate X rm] + Lgtart (2.6)

1ile | fi® Critical Scratch load (N)

L, #A09a31mM3InLIe (N) @019a1 (min)
A S A g = '
1y A9 IXYLNN (mm) mumiumu%umqmmaﬂnm%mm
=\
gy
A A ~ J .
X, 09 35282n1Imsnaouil (mm) Iuuuiueuaeal (min)
A a Y o
L., #oususuaulumsainvesdunys (N)

] ]
% =

. A I o 1 Ay A A Y
Stylus drag coefficient 150 DSC 1 UOATIEINVDUTINAIUMSIAAOUNN VLT IN 1HLA
Waanauu'ld Tasaunsn 2.7

Dgc = Lt/Ly 2.7

1o Dy Ao Stylus drag coefficient

]
%

A . A 9 = A o 1
LT f1® Tangential Force HTDLITIATUNITAADUNNNTIENIADN

NS (N)

A A Y 1o
LN fi® Normal Force 15397 1AW uNY5 N)

' E4 o A o ' 2 a o
Felunisnaaeail Idihddun1d llnaasuauudnsslunissamnizvesdiay
7 v v A . o a
A5 UOUARIBINTTAIBIATOY RST S/N: 01-02877 : CSM instrument adudaslugii 2.14 Tag

A 4 Aq ¥ I Y Yy A 9 A 2 A o
Neullﬂflumsmﬁaumu lLi\Wﬂ"]fﬂﬂ!ﬂMlLUUﬂTJ‘ViHT [TUAUN 0.9 N La ﬁuq@]ﬂ 100 N 961951
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1 1 v < { o ] a [ Y
ﬂ'lﬁnlﬁllﬁ\‘]ﬁ@!’la'll‘ﬂ1ﬂ‘l] 99.99 N/min ﬂ'JHJ!.i'Jﬁ‘H'JﬂﬂﬁTﬂW']uW?Lﬂﬁ@‘ﬂ!“ﬂ?ﬂ‘ﬂ 10.09 mm/min

I o AqQ Y o a o A
L‘]JH?%EJ%‘VIN 10 mm Iﬂ&l‘ﬂ]ﬂﬂ‘ﬂi%ﬂﬂ‘ﬂi}ﬂﬂm%i%uﬂ Rockwell 3711 200 Mm

= a1 d d %
2.2.4 MINATDUANMALAMUVBINANAM S U UAMINY S
3! o A o { a1 I'4
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are1ae las Tulines 34 High Temperature Tribometer : CSM instrument muﬁmiugﬂ‘n
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' < Aq Yy YA
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Hq 9 ¥ 7
‘UE]’GWIGLGH : ALO, UAIFUINAN 6 mm

ard J

2.2.5 MsNATRUANNMUMURUTHINgIvasTlanm v U INY S

o A d J A J ' o 1

ddumsuouadremssinaouvunszand laauyaoonliodluginaudnirld

a A 9 o a 4 9 a 9 d‘ . .

nszavozgibouudni )i gnanuduniugumngiigadienTe Thermal gravimetric

Ay . ' [V A v a 1
Analyzer 8110 Perkin Elmer 31 TGA7 aduaadlugili 2.12 melaussermaeendgian Turg

QNN 50 — 1,000 °C NFATINIWLYUNYN 10 °C/min
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3.1.1.3. wamsianzridramatianagisalladidnasevanlalasalall (XPS)

13197 3.2 LAAIHAMIUATIZHABINATIA XPS

CH, RF Temp Atomic Mass
Peak
(sccm) (Watt) (°C) conc % conc%
Na 1s 4.33 7.68
O ls 11.99 14.8
5 100 300
N Is - -
Cls 83.68 77.53
> sp 6301
> sp3 7.28
> C=0 13.38
Na Is 0.91 1.67
O ls 11.43 14.55
15 100 300
N 1s - -
Cls 87.93 82.79
> sp 72.14
> s.p3 7.54
> C=0 7.97
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D peak G peak
N, (sccm) B B I/1;
(cm ) (cm )
0 1340.76 1586.51 0.63
5 1357.88 1581.85 0.94
7 1364.78 1582.50 0.83
10 1359.10 1568.62 1.14
12 1362.26 1576.25 0.85
15 1359.31 1572.03 1.08
20 1359.81 1575.92 0.91
25 1359.21 1578.54 1.04

50 1361.14 1575.14 1.09
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ﬂ'lﬁ'l\‘i‘ﬁ 3.7 LLﬁ@NWaﬂTiﬂLﬂiT%ﬁﬁjﬂLﬂﬂuﬂ XPS

CH, N, RF Temp Atomic Mass
Peak
(sccm) (sccm) (Watt) (°O) conc % conc%
Na Is - -
Ols 14.29 17.89
15 15 200 300

N 1s 9.93 10.88
Cls 75.78 71.22

> sp 16.14

> sp 39.02

> C=0 20.53
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Abstract Diamond-like carbon (INLC) films and nitrogen doped DLC (NDLC) were deposited on
glass slide and H13 steel by plasma-enhanced chemical vapor deposition using a commercial RF
13.56 MHz (REPECY D) The films have heen prapared from CHs for DLC and CHa+MN; mix tures
for NDLC. The deposition process was at 300°C under argon atmosphere for 120 min Bonding
energy and diamond like carbon characeristic of DLC and MDLC films have been characterized by
Fourier Transform Infrared Spectroscopy (FTIR) and Raman spectroscopy. Thermalgravimetric
Analyzer (TGA) was usad to evaluaie the thermal stability of the films which were scrapped off
from a glass slide subsirate. The mechanical propenties was characterized, such as  handness by
nano-indentation echnique, scratch test by Roclwell diamond tip in progressive mode and friction
coefficient have been measured in ambient air using a ball-on-disk tribometer.

Introduction

Diamond-like-carbon films (DLC) form a class of amorphous matenials that combined high
hardness, low friction coefficient, a high wear msistance to sliding surfaces even withowt amy
lubricants. LT films can be deposited at low temperatures and high deposition rates by vanioas
techniques, including ion-beam deposition, plasma source ion implantation, D and BF magnetron
sputiering arc-physical vapor deposition (arc-PY ), plasma enhanced chemical vapor deposition
(PECY D)) and laser ablation. The presence of some dopants (silicon, nitrogen, titanium, ungsten,
and borom) may improve the durability of DLC films at elevated temperatures [1]. In this stdy, we
explonz the effects of addition of mitrogen into DLC to improve theirs thermal stability. Therefore,
hardness, adhesion and friction coefficeent of DLC films syntheszed by PECYD system were
imvestigated.

Experimental

DLC films were deposited using a pure CHa, Ar and M; gas mixture by PECYVD system.
DL and NDLC films have baen deposited on glass slide and HI 3 sieel. mirror pelished substraies,
(25 cm in diameter and 4 mm in thickness). Flasma of PECY D was aested radio frequency (13.56
MHz) generator. The reactor has two parallel plate electrodes, the wpper was showerhead type gases
prcursers distribation, the bottom one was subsirate holder equipped heater and thermocousple K-
fype. The pumping unit is compesed from a rotary pump and a urbomolecular pump o ensure high
vacuum quality. Before deposition the substrates were ultrasonically cleaned in acetome. This
substrate was etched in situ in argon plasma for 10 minutes. Films deposition conditions are showed
in Table 1.

The films were characterized by Fourier Transform Infrared Spectroscopy (FTIR) and
Raman spectroscopy using argon ion laser (532 nm) for characterization of CH and CN, bonds.
L and NDLC wer examined under a scanning electron microscope (SEM). DLC and NDLC

Al righs rmssrved b pm o oorieei ] Eie pacer may e f2rm or by any mears wrtinr o TTF,
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were scrapped off the glass slide into powder for film measurement thermal stability of DLC and
NDLC films were measured using Thermalgravimetnic Analyzer (TGA ) under oxygen atmosphere
condition.

Hardness was measured by a Nano Hardness Tesier (NHT) CSM Instrument. Berkovich
pyramid diamond tip with 100 mN load was applied

Scratch test was measured by a Revetest (RST) CSM Instrument. Rockwell diamond tip was
used in a progressive mode from 0.9 N to 100 N.

Wear test was using a hall-on disk method was used for wear tests. An alumina ball of 6 mm
diameter was used as a friction part. Loading of 2 N was applied. The sliding speed was set at 4
cmy's and the overall sliding distance was 280 m.

Tabke 1 Deposition conditions of DLC and NDLC films

Condition DLC NDLC
Base pressure (Pa) <44x10° <44x10°
Operating pressure (Pa) 41x10 73x 10
CHs flow rate (sccm) 15 15

Ar flow rate (sccm) 20 20

N: flow rake (sccm) - 15
Deposition time (min) 120 120
Substrate Temperature (*C) 300 300

Rf power (Watt) 200 200
Results and discussion

Figure. | SEM micrograph of the films.

Examination under a scanning e kectron microscopy (SEM). as shown in Figure 1, showed
that the thickness of DLC and NDLC films were around 300 nm. The typical Raman spectra of
DLC and NDLC films without haselmewas shown in Figure 2. A broad peak with Raman shift was
ranging from 1100 to 1700 cm”. D peak and G peak wer around 1330-1350 cm ! and 1580-1590

. espectively. When the Raman spectra was fitted with Gaussian function, for DLC films D
peakpmmonwas 13 Mcm G peak was l*&ch and I/l was 0.70. For NDLC, the D peak
posmon was 1349 cm, G peak was 1580 cm™ and I/l was 0.66. Robertson [2] reporied that the
sp’ traction have 40-50% of I/ls in range -0.6-0.9. The decmase in In/k: and the shift in their
position to lower wawelengths were indicatives of less extended graphitic domains. which were
attnbued to an increase in the degree of disorder of the sp” bonds and an increase in the number of
sp’ bonds in the structure [3].
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Raman spectra of CN films wem similar to amorphous carbon (8C) films. Although the
characteristic peak doe to covalent C=M bonds was observed at 220 cm’! in the visible Raman
spectra of carbon nitride films with higher nitrogen content [4] , it was not observed in our Raman
spectrum. It may indicate that the nitrogen content is very low in nitrogen-doped DLC films.

The FTIR spectra shown in Figure 3 indicated that the mgion between 2800-3000 cm
which cormesponded to the C-H local vibrations and stretching modes. In DLC and NDLC films
weak peaks q_:IFIIEHEﬂ in the range of 2800-3050 cm. The thre peaks, approximately 2850, 2920
and 2055 cm' comesponded to sp-CH: symmetric vibrational frequencies, sp-CHz or CH
asymmetric vibrational frequencies and 5'|:|!-C'H; asymmetric vibrational frequencies [5. 6]. The
FTIR spectrum of NDLC film was in the range of 1250-2200 cm'. The peaks at approximately
1600, 1625 and 1682 cm* wem assigned to the sp” C=N bonds and the one approximately 2100 cmr
!to CN bondings [7].
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Fig. 2 Raman spectra of: (a) DLC film and Fg. 3 FTIR spectra of {a) DLC film and
() NDLC film. (b)) NDLC film.

Thermal stability of DLC and NDLC films from Thermalgravimetric Analyzer (TGA) were
shown in Figure 4. At the beginnming Weight % of DLC films increased sharply due to the
decomposition of the CH bond in the film and the reaction with the oxypen After 1C the
weight® gradually decreased to about 50% and stable at -400°C. For NDLC film, weight®
gradually decreased to 75% and stable after -300C. It was found that at temperature lower than
400°C, DLC films decomposed at a slower rate. But at emperature higher than 400°C, the NDLC
saem to be better thermal resistance . Because of the N—H bond that would be only found in NDLC
is more thermal stable than C-H bond [£].

The friction and wear esting of DLC and NMDLC samples werne carried oat in a ball-on-disk
tribometer at room temperature under & 2 N load The sliding speed was set o 4 cmfs and the
overall sliding distance was 280 m {100 cycles) An alumina ball using as a friction partner with
6 mm diameter were used. Figure 5 showed the friction coefficient of DLC and NDLC samples.
The friction coefficsent of NDLC was higher than DLC and tended to increase until 10,000 cycles.
The friction coefficient increased due to the formation of C,N phase, which might obstruct the
friction mechanism of amorphous carbon films [9].
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Figure. 4 Thermal stability of: (a) DLC Figure. 5 Friction coefficient of
and (b) NDLC by TGA analysis. a)DLCand b)NDLC

The hardness was measured by nano-indentation. The hardness of the NDLC film was 12.1
GPa. This was mlatively higher than DLC (4.9 GPa). It should be noted here that the hardness value
were very low in compar to DLC hardness of 30 GPa that reported by other researchers. It was
probably because of too high indentation load for quite thin DLC films.The relatively higher
hardness of N-doped DLC might come from high hardness CN which presented in the film [10].

Progressive mode with Joading 0 to 100 N was used in the scratch fest. In the DLC sample
film was delaminated with load 11.7 N. For NDLC sample, film was cracked with load 16.4 N. The
film on NDLC showed better adhesion properties than DLC. Scratch track at firstly cracking point
were shown in Figure 6.

Figure.6 Optical micrograph of film after scratch test a) DLC and b.) NDLC
Conclusion

DLC and N-doped DLC films were deposited on a glass slide and HI3 seel substrates by
RE-PECVD technique. The chemical bonding of the films were characterized by FTIR and Raman
spemoscopy FTIR results show the peak of DLC and NDLC at the wavelength between 2800-
3000 cm™ which core d to C-H bonding. Whemas, the C-N bonding which appeared in the
range of 1250-2200 cm * was only found from N-doped DLC film. Raman spectra show. DLC films
D peak position was 1334 om’, G peak was 1588 cm” and I/l was 0.70, for NDLC D peak
position was 1349 cm” Gwakwm 1580 cm* and I/l was 0.66. Raman spectra of CN films was
not observed in Raman spectrum. This might indscate that the nitrogen content was showed that the
NDLC film could withstand high temperatures over DLC film at the temperature higher than 400°C.
The result of hardness by nano-indentation showed that NDLC was relatively harder than DLC. The
wear st by ball-on-disc showed higher friction coefficient of NDLC than DLC which might be due
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to the formation of C,N phase which obstruct the friction mechanism of amorphous carbon films.
Owr mesults indicated that NDLC was better than DLC, except its higher friction coefficient We
imtend to focus our next work on this point
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