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Research Title: Preparation of Chromium Aluminium Nitride Hard Coating by
Reactive magnetron Co-Sputtering method

Researcher: Dr.Adisorn Buranawong
Assoc.Prof.Dr.Surasing Chaikun
Asst.Prof.Dr.Nirun Witit-anun

Department of Physics, Faculty of Sciences, Burapha University

Abstract

Chromium aluminium nitride (CrAIN) thin films were deposited by DC reactive magnetron
co-sputtering on glass slide and silicon. Cr and Al metals were used as sputtering targets.
The effect of the N, gas flow rate and the aluminium sputtering current on the films’
structure was investigated. The as-deposited films were characterized by XRD, AFM, EDS
and FE-SEM. The results showed that the as-deposited films were (Cr,AUN solid solution
with (111), (200) and (220) planes. The structure of the as-deposited films varied with the
N, gas flow rates and the aluminium sputtering current. (1) In case of varied N, gas flow
rate, crystal size and lattice constant was in range of 17.7 — 33.5 nm and 4.139 - 4.162 A,
respectively. The thickness and roughness decreased from 400 nm to 244 nm and 2.8 nm
to 1.4 nm, respectively, with increasing N, gas flow rates. The cross section analysis
showed compact columnar. The as-deposited films compose of chromium, aluminium
and nitrogen in difference ratio, which varied with the N, gas flow rate. . The film hardness
was in range of 14.1 - 60.3 GPa. (2) In case of varied aluminium sputtering current, crystal
size and lattice constant was 39.1 nm and 3.987 A, respectively. The thickness and
roughness increased from 347 nm to 1047 nm and 2.8 nm to 3.4 nm, respectively, with
increasing aluminium sputtering current. The cross section analysis showed compact
columnar and dense morphology as a result of increasing aluminium sputtering current.
The as-deposited films compose of chromium, aluminium and nitrogen in difference ratio,
which varied with the aluminium sputtering current. The film hardness was in range of

45.9 - 70.5 GPa.

Keywords: thin film, chromium aluminium nitride, N, gas flow rate, sputtering current,

DC reactive magnetron co-sputtering
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2.1 nswaasuiauuslugyyinie
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nsidsuiauunsluggginie A nsisesiilagnisaniadeutesarsindeuluanuuy

9 U
(%

svpaufIuLTanIosy auiadutuvesilduniundlussAuulumns sl fduuns (Thin Fitm)
nunefs Turetesnaunionguueteznendusniudutuuie q Jagduinsdmildiusing 4
1nue TaeiugIuuaInszuIuNsnaeulduuliTunaudAy 3 Tunau (Smith, 1995) Asilfe
¥ A gj d’l A I < A (23
1. Msadeansiaieu (Source) Matlansinfoueaegluguves vaeuds vaunad o seuia
] a o - S o @ w 1 = ao o g v - &
wiasiadeurazinisiadeutiudnludeseglusivesle daisn1sivinliansindounaneidule
sewganunsavhlivaneds wu mslianufounsenisszaudeeuyniaiindsuas iusu
2. mMIpdeudngansiaieunndeiansessu (Transport) lunvagyyinaleseiievodans
= = dl' A ) £ LY 1Y = o A v =
inFeueRvziimaefeuniludunse ludiiansessu vieevsndeunliludnuuvestva Feay
ihliilesvinevesansiadouiinissuiveyniraunslunsusayyinia wenainiileseieeiae
o Al v o o [ @V v
waeunludriansessuludnuasvaanatauiils

<

3. nsavauneniyu (Deposition) iudupsunmsnennuresasindeusazlnduaunaieidy

v
a6 v (%

wvesilauuIIuETanseedy Tunouilastuiuileuluvesiansessunienisviuiiseivesans

Ree

WaeUAUTENTRISY ANUATDINYRIHYIANTEITU nasndundwunltlunsiadeu
nnswmdeuilduundlugeyanie wuadu 2 ngu (Wasa & Hayakawa, 1992) (nwil 2-1) leiun
1. A15LARRUNANUIIENTZUIUNISNINAL (Chemical  Process) Wunisipdauiiande
o e & Y a aaa a < 1 . =
nswanivesasnilluanmvesiawaiinujisenainanailuansiu (New Species) aniadou
U 3an3095U 1 35 Plasma CVD waz 35 Laser CVD 1lusiu
2. MsAARUTdNUNIAIENTTUIUAISNISTENE (Physical Process) Wuni1siadeuniande
n1sviliesnanvetasiafeungneananiikaiflanseaeniedndluiunwasdnfniuiiives

Yain3935U \wu F59eimeans (Evaporation) waz I5alnma3s (Sputtering) Wusiu



~ Vac. EV.

—— Thermal [ Laser
cess
_ Physical _| proce - MBE
process :— ------ - :f-?-a--_.._}
in fi ting |
Thin film | S uttering pia |
process | —{ P ARE |
fon  _J - 1CBD .
process | :
! |
—1'- Plasma CVD !
Chemical _| | |
process | IR RSy .
L—Laser CVD

AN 2-1 Usennuednseuiunisinaeuiauunslugainia (Wasa & Hayakawa, 1992)

lngnsiAdoUTlaUIMENTEUINNINENdTueAunsvilviorneuansiniioungaaini
S v ¥ 2 a a o Y] ¥ I 1) a ¢ P |
Yosan TRk IanszareluBaRarTansessukdnanu lutuvesiiauundluiian awnsaus
Iondu 2 3Fndng (wg dugnssa wazsian Shus, 2547; Wasa & Hayakawa, 1992) fie
a Y  aa . I3 G a e = N
1. Msirdeumedsemeas (Evaporation) uniswenyuvestuilauuiavesansinfoun
° Y & a X ° v v a a ° v a =
ilssmedaintulugyyinia Mlalaensiiauseunuinnenasyilviasinisunateidule
= = in/ YY) v aa a @ a 1
Felovasansindouilagislunsenuiuiansessundoungiininzaufaziinn1sniuwiuyesans
= I~ 3 a) ¢ 1 v v & o v aq
wasukaznennulalutuvesiauuiwsll nslianuieulunsseme ansinieuilanaieds
lad aa v " - v P \ & Y ac S a
wisnealduasligenmanislimusousinivusussyasindousigiavalnii wenaintidad
299U U N15IHAINTIUNNFIAIUNIY (Resistive  Heating)  N1935ZLnRELUUIULAY (Flash
Evaporation) n1s5iviesieilawes (Laser Evaporation) n133ztuemisddiannseu (Electron
Beam Evaporation) N155¢4118¢18N15913A (Arc Evaporation) n15liAiusaumenauaiunineg
(Radio Frequency Heating)
2. nswndaumeisatames (Sputtering) Wuniswenyuvestuilauusvesasiadouila
a a Y aad a X A - Ay v
INNTLUIUNTAURLADTI N15LAFIUMIEITULNATULIDDEMBUVBIASARBUNEAINNNTZUIUNS
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2.2 msaaunauu1efedSadnmnase

v
a =

mandeuseitatinmeiudunswenyuresansindouannszuiumsalones Jufntu
dleezneuvesansindouiliannszurunsatnnesilsludutansesiunazwonyuladuilduung
nszuIuNsalnmne3anon1svilieen oungAIINRIVeTTARlAENTTUVBIDUN AN I UGN
msuaniasundsuuazlusuduszniteynaiiativuivesneuiiiaansiedeu Inseyniad
dhauiindanuas fifudossmeuesainfeuisnsenutagsesivaziadluiengyinlinisda
Mg (fyg GugnsTn uay 5ann faug, 2547; Chapman, 1980) dwiuuuiAnidesfuifet
nsrurumsatlamesa (il 2-2) edunelasail
1. Supsisensewindlessunasinthansiedou iWelwuinmihfanasAnusingnisaidld

1.1 msaevieuiiiavtivedlessy (Reflected lon and Neutral) leseusiaagsioundu
mﬂﬁwﬁﬁaﬁauiwzijazﬁauaaﬂmﬂugﬂﬁuaaawamﬁ@uﬂmwwl‘w%é’uLﬁmmﬂmimmﬁaﬁ’u
Sidnnseuifthansindey

1.2 maﬂamﬂdaa&ﬁﬂmaumﬁam (Secondary Electron Emission) 910A13UUUDY
laaaumw‘fﬂﬁﬁmmiﬂamﬂéaaaﬁﬂmaumﬁammﬂLﬂﬁmimﬁa‘u5ﬁiaaau§uﬁwé’wuqawa

1.3 nsileinveslessu (lon Implantation) lopouiievuihasindeutiueatlwiias
Tuansindeu Tnsanudnvesnisiaiiasulsiulaenssiundanuloseu Jafidn 10 Ssansow/
wdsnuleanu 1 keV dwsulossuvesufaerneuditlislunasuns

1.4 mswdsulassadievesioniudiaisadeu (Target  Material  Structural
Rearrangements) N153utaslossuvuinatsindourhliinnisdosiivetesnoudiiaaisiadeu
Tninaziinauunnsoesdn (Lattice Defect) laeiiannisdaslumivediasiadafavniin
Altered Surface Layer

15 n1satdmimed (Sputter) n1syuvedlossusirariiliifinnszuiunisounu
wuudeiesseninternauvenddurliiAnnisuanudesezneuainitnaisindoudaienda

ASLUIUNITAUALMDTS



Incident Reflected lons

lon & Neutrals
Secondary
Electrons
Sputtered
Atoms
Surface >
Structural
Changes Possible
Bombarding lons
May be Implanted
Collision May Terminate or Result In The Ejection
Sequence: Within The Target Of A Target Atom

{Sputtering)

A9 2-2 Funsisensenindlessuiuiiuiiyian (Chapman, 1980)
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avnauNNITanRIna nsvvauMstiounmaiiadivuaradunaramalnivieliusegilanaiuad
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a ° v A & 9 'y} a v P |
2.1 hansiedeu viwihidudilveuniandenuaiiadivuauinisUanUdesesnoy
YBIASLAROUANARBUUUTARNTBISY
2.2 auAIANFIUgs Fasguidiansiaieu uadvinlverseuvauliansiadeunaa
a % cgf I 1 a =1 1
gany Unfisunmandsnugelionadunatamslii wu dinseu visesznauveswsgeng 4 laenis
wilosauveialuaunluindusynialwudlasindevddiinsnisvandasetaisiniou
guileaneiuaUABINIg
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P a | Yo A A a a o 2
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2.3 STUUARIULUUATAUNLADSY

sruulAfeulUUATalnne3I9g19d18 FanIni 2-3 (Mg Augissa wagsian Snug,

2547: Bunshah, 1994; Smith, 1995) @sUszneudieaing fe wHulasiadeunazelun fe

[

#M3995UBET¥NINe 4 cm - 10 cm

ee

windeTansesfuiifeInsiadey Unisreeseninenlnaung
= 1Y) = = Y Y 3 '
wiedesiunisagidseznauaisiafeuiniswesnivuggyyinie lnenilussezaisaalsy o
5e%IN9 1 cm - 4 cm laganlunagagusnanunfinings dwugunsalinauazeyludiseuues
¢ a s o o v o = 6 va ¢ I o a a Y 44 a9 ¥ e
wgalndfayisa wianldiuuiaResdddvganguarldviujniendvaisiadou  WUndlduia
I3 a ¢ a 3 1Y) o ¢ a % -
913new) vauwinlndifaviie nszuiumslessluwduazinwanmindifayisalinswissey
4 I 1 J A % A v 1
AspaUrlininnInszegserinalnaiazailun Wenluduanamisussdulniisendng
a £ a & X o g v ¢ o '
Banlnsngedu srezUannn1svuTesdianaseuaaduy vlvssugansnallvuenemeoanuaz e
nanlosaulusruuiivinmsdesnsruaanatwazevneuiignalamesivsinuanamuysuines
i U OI 1 _2 1 1
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NON- MAGNE TRON SPUT TERING

TYPICAL
SPUTTERING
CONDITIONS

1.0

K
RELATIVE Joo &
DEPOSITION RATE 5
160 BASED ON CURVES f0.8 =
ALB 8
190} o7 &
* [=]
120} 0.6
L
L00f __ . {05 ::;:)
ud Bty SO SPUTTERING YIELD P
& 8o T FOR 150 eV Ar IONS o4 2
& ST o
> N K\ .o . . @
(&) 60 Q?i \1 - - 0.] ;
- ’ ~‘\0 Qv
i _.Asummcuanmr SO 0.2 E
_ " PLANAR DIODE AT S ]
1) W S SUPUUNY NPU DUU U WV ORI SRS SURF SN SUBFUIS SO || B
0 20 40 60 80 100 120 140 160 180 200

ARGON PRESSURE (mTorr)

ANA 2-4 NaveInufUluszUUNINanednIIAReU ANdanwaznsewa Ny
szuvatmesawesiinanidussnulnin 3,000 V 5e11199781801050

fineiaiu 4.5 cm (Vossen & Kerns, 1978)

YULNAUANGITUTZEEASAAIUYITNAdUAIUTIINNITHAR e R R Ul US NI Ta9TY
nszualilihnlnalneasiiudusaznszuiunisadawmesaintuludnsawuaiudy dAuanddy
d‘ 174 Q{' U é/ 1 6V a0
AN 2-4 dunsinl A vaieianusunnglusyuugadussezasanisvuseninluanaveuiaien

anad aznauansnisungaesnanidsduinuaievuuigasessulauinainnisvuiuluana

= Y o

vaufiauarasveundugidiaisindeunseanidegutanivuggyyiniaviliaivesdanainnis

&

alninosiiAranas ulilanuiugdu danmi 2-4 @unsvl B wasiusenieganuaznsvia

1

a

a A

legauaryilvidnsinisiadauiirtasaniiniuduaimidansidnuiinisadainesdifiand

3

wssauluiil 3,000 V sewinetaBiantnsannneineiu 4.5 cm Tusfidensnau maadeuaznen

S

L ! QI ! '4 i U ! '5 L
ANUAULAININTT 2.6x10  mbar kagfiAuRuEINdT 1.6x10° mbar lagdnsiadeulziiAiasan

v 1
S K

waranaudanduiuaniual dsiuusulninrauiunssuiunsaldamesinesusiaunli

) A A a A ~ ) YR ° ) A

gnsnAToUgarUsEANSAIMATIAA NAMA 2-4  NuTIANNTUTMINEANdmTUNSIATeU
-5 ' 2 v Y] .

A 1.0x10° mbar AuruILLUATELEUTEIa 1.0 mA/ cm” fggnsadau 0.036 um/ min

Faroudemluragldussiulniiroutias (Mwwy dugissa wavstann Shus, 2547)



2.4 STUUARIULUUATLUNTATaUaUNLAD39

v
=< LY 1

gnsnsiinalawmesaluaziuiunanuseninsdanwavusunalessuniwdiaisiadou
AatunNIsinan N salawesiuueniainagilalaenisiiugadudidainlalaenisiiuyusunn

leeauMadnvudiansiaiau Fetussuundatsmasaunduu vibaiesnisiiuksssulninsgmning

[ a

a & a o = NA o 1 2
E]Lgﬂimiﬂ NIDNUANUAU FIATUYAANAFAIAAN ANUNUMLUUNTELEUTEUIY 1T mA/ cm™ LaY

Y 9

U ’5 yQJ 1 a Ql’ 6V i
ANURUUSENNN 1.33 x10~ mbar uananddmuinlussuud atlameses Mluaznauvawianay
nnnslessludiimdesnit 1% uenaniduliterdsiiioninudugeuagyililsunauianunsnd
Tuilduunanladienassng (wwg dugissad wavoann aug, 2547)

1 a o aa a a a Qy L% %

AoyndnmnaunseuuAtuuninseualawess (wwy Auadissu wassdann Saue, 2547;
Bunshan, 1994; Smith, 1995) Fadunisldauiuniinanaie IngangaunuiilivanliinrvuIuny
a v = aAa o o = | a a a a v X
RuttansiedausazinafsanAvauu iz disinsraen1Au 9B anasaulie Uy
1n881U19VBIAUILMIMANAE YN BIANaTaULARRUI T UNIalAY (Awdl 2-5) vinlinislesslud

i I a g Y] o A a ) o § Yo s X v
Lu@fl"\]’]ﬂﬂ’]ﬁmu381ﬁ?’]ﬂ@Laﬂmi@lm“l.]@gfﬂ@llLLﬂﬂLQaEJlIQWQQﬂu%QQBWWIﬂamiqﬂqﬁﬂﬁ@L@@i?ﬂﬂsﬂu@flﬁl

Magnetic
Electron . Field Lines
Trajectory

Target
Material

Outer
Magnet Ring

Inner
Magnet

M9 2-5 Matadauivaseyn1nBanasouluawINulman (Bunshah, 1994)

10



2.5 9UIENNYIV9

Hauuralasdonezgiidenlulasdiduiduursngniluldausieg unuieludegiu

Tnglanvlunumumsindeunds wadasuoriin laatnwmese (reactive co-sputtering) 1 Uu3S

=

wilsntenldlumsiedeuiauundlasiliotezgiifonlulasaluggnamnssy nelivoAnalveg

a

v Iiduiifiauuianiqe muausdnsnisiedouresiiduliine annsomunuesdusznoues
6'1Gﬁiaguiiu?\léuié’l,ﬁawWﬂi%lﬂwamﬂﬁauLLUU?"J:J (co-sputtering target) Aoiluithansindeud
LenBaNIINAU annsandeuilauasuuiansessuldvannaneuila wazganansaUTuiUAsuT LS
snanlumsiadeuiidy wu anuiu danlvavesuiasieniin eumgivesiansessusenitauadeu

A = = ] wva v ] A 2 a & a
LNBANWYIENNANIENUADANUANTUNNE) I@EJN@UVLGUIUﬂ'Wiﬂ’]iLﬂaa‘U Qm%gmﬂ@ﬂwumj ﬂ']ibL‘ULLE]a

o

ansesu svepieseninatharsindeuiuiansesiu dnsnmisivavesialulaau anududey

yoanialulnsiau nszualuin Adlai waziialunisirdouinanslassaiiana nuazaudfne

a

o (% Ay A (% = a s a & Y [ d’j
aqﬂi‘Uﬂ’]i’J"\]EJLﬂﬁl’Jﬂ‘Uﬂ?iLﬂﬁ@UWﬁMUNIﬂiLlIEJ@JE]SﬁJJLNEIJJIUlGﬁ@ magaimaaqﬂmu

Y

) I

Barshilia et al (2006) W3guiiguilauundlasfleululasauasiauundlasidioussaiiiilonly
Insafimdeuasuuiansesiuiduddnouuas mild steel Tilanamun 1.5 pm seisTuendiv 7
wunfinseu almneds AduursindouldiluAnulassadminuazaudfidenademailn Xoray
diffraction  (XRD)  u@a¥ nanoindentation aua1AU AnwilATiasenusemunatln - X-ray
photoelectron  spectroscopy  (XPS) é’ﬂwmzﬁuﬂﬁﬂméjwmﬂﬁﬂ scanning electron
microscopy (SEM) Wag atomic force microscopy (AFM) ayadanninaia XRD wudnlauuns
CrN wag CrAlN flassasrenaniduiuu B1 NaCl @uwaila nanoindentation wuanilauunsiien
Auudavinfu 18 GPa wae 33 GPa mud sy dmsunamsineidnvasiuiafemaia AFM
uay SEM nudiidauns AN Tlassadneqanauiinannninfiduuns N wenandfnumaa

@desnsnnudeuveaiiduustuonalaglioamglisaud 400 — 900°C ¢8  micro-Raman

'
= 1

spectroscopy Fnu3auue N ineendladiigamall 600°C luvaenTlduuia CrAN Ty

a

sandladigamanll 800 C Wegamgiluniseudeuninnil 700°C Mauuns N Sanuudsussana

)
7.5 GPa Mauu13 CrAIN Henuudagaussanns 22.5 GPa YonaNIELUIe CrAIN Srnudumiu
AsANNIBUANINWANUIS CrN

Chunyan et al (2009) indeufiduundlasiflonergiifenlulasdauiansessuiiudaney
wazlndn AISI H13 sesyuuailessusuiuwininseuatlnness iednwnanistidndluweadiu

[y [

ansofuiuaudRa1areanue 31NMsANwIlATIE SaRENAIATA XRD  WUTITANUINT

wasulgvanunilaseadandnfuuuu NaCl Bl fissunu (111) (200) (220) uay (222) §nwedy

X a = 1Y a A a1 Y [y 0§ va & a |
NUNIANEINENALUA AFM W‘U'J']LlJ'E]L‘Wllﬂ']ﬂﬂﬁn‘ULL@aﬂ‘U'ﬂaﬂi@ﬂiUQSWWIWWQNUWQNﬁ'ﬂ']ﬂJWu’]LLuu
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WnTu wazdeilinnuudsganiawazanunietvesiiauundaunntuauluse silunis

v 6

NAABU dynamic impact resistance WUINNALUIHANUAIUNIUABLIINTZUNNAT UL DAANE
luweaiuTansessuiindy Fellanvsanarfngluweariliannisunnvesilauuradnnainlvildy

UNTAMUAUILULIUAINA LA AL ILAZ AT AN N VUAINE U

a a

Khamseh et al (2010) vinswedsuilauunstasiisueraiisululasamessuuuiaiud

Y

wuninseualmeeiadaenisdiglniiinssuansaaswuuiadddiauiunnsieiu Asuuisiiedou
TnihluAnwiesausznaulassastamdnmemeaila XRD  Anwianuduiusseninsandmdnan
Trssairsganinvesildy wazasudenemaila nanoindentation 9InMsANYINUINTIANUNT
waeulsvommeilasiadrafuluy NaCltype CN waildufindeulnenisdglifinssuansouas
WuUiad A plastic hardness, H, difAegsening 15 4 36 GPa Meiduusindounuuldiad

a = 1% < A A A P '
TAAMULTY ANUAUNETY wazvuIansUEnNINaLUedaUTnslIsAIN AN ELEn S
& . ] 9] a6 Al a £ o4 a RN
uona1NTA1 plastic hardness wagArAuAUAgluresiauuIsiALANTwilBNANND AR
Tlili et al (2010) vihmsiadeuiiauurdlasidovezgiiilodlulasaasuudineumewmeaiia
PVD Ingldinansindeulasllsuuazrergililonnieldussennmenialiujise waziinisuusean
fnglhAlatudnlasideunaws 300 — 900 V HduursindsulatilU@nwesrusenau 1aseasns
nan auvfidsnanazandinisausoumemeaila energy dispersive analysis of X-rays, X-ray

diffraction, nanoindentation Way N1snAaes “Mirage effect” anmALla XRD wWuinflaNu1edl

v
A a = ¥ a

TAS9a519NANLUU NaCl B1 311U (111) kag (200) @usnwueNuRIAN w9 emata AFM wWuin

dawiudndliviliduunessiudmuwiuinniu Sanuudegadudsdimasgainiu 30 GPa lag

a a

a ¢ a e W & a ¢ =~
Madﬂﬂizﬂaum(ﬂazauLUEJ&JIUW@ZJU’NL‘Vﬂﬂ‘U 30 % u@ﬂﬁ]’lﬂumi‘wmﬂﬂizﬂ@Uﬁ’]ﬁ]@zﬁMUEﬂJ@Jﬂ’]i

Y Y

Wasuwasilidnwauinsuduluuaediuasiinnungu sgnlsimuandinaniufoulssu
nalnenssannsiUasunasmesdnyaeituin

Lv et al (2012) wndeuildanuidlasflenevaiilovlulasdvuidnounasinannanlfatiuie
syuvsuvIauduuninseualmnese tiednwinavesvesdndlunearesnsinisindou
paAUsEneau Tassadandn dnvariuiiuazaudfvesiiguuns wuinilefiudndluseayinlisns

AMSIAADUARAILALYIN RS UNIUlATIAS1INANUAIUAINTE U (220) 1WU (200) YUIALNSTULAZ AN

a A a [ 9/ A o a1 ! ] v v A a a6 ay v
%EJ’]‘UN’JLQ@EJ&I@W@@%NLaﬂuaﬂLiJ@ﬂﬂfj‘LULLE]ﬁiJﬂ']éj\‘iﬂ’J’] -100 Vv amauaﬂwmzwumsﬂamaumwlm

IS a

Wuwuumaduun fianuvuudulaedsusiadeduuiulieiudndluleanaus -50 V Wy -250 Vv

a1 = ¥

lurueiiauuaindeulaglidngluneaiuiansessuiiArgaasiinudiuniunisdn nsauani

Y

a0 o

Andlueaniuiansessuiiam Fansiidauuisdinnusuniunsdnnssuftuiianmgainilauundl

1 . ° a I3 aal ' )
AITHAUILUU pmhole ALALUDIAUTLNDUNIUANNUANFIINU
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N 3

aunsaluaziznsneany

3.1 1EALAZIATND

(%
=y v

wiesflolurmaseiiuvady 3 dade il
1. manseuiauulasievevaiioylulasd
1.1 ieeandeugnane Wusruuindeuuuuitusninseulaatamess
1.2 Yagiltlunisveaed
1.2.1 Whansimdeududhlasdlen ()
Whanswdeuludiozaiinden (A)
1.2.2 Fan3093U (Substrate) Usenaume nszandlan daneau
1.2.3 ufid (Gas) Usgnaumenig 2 sinfe
- ufigennoumnuuiavd 99.999%
- ufidlulpsiaumnanigus 99.995%
2. MyeTgidnvazanzvesianulaslvugesiatlonlulagg
2.1 X-Ray Diffractrometer dmiudnuilassadrndnvesiiduiindeuld vnuideidld
1589 X-Ray Diffractrometer ¥84 Bruker Ju D8
2.2 Scanning  Electron Microscopy @ miudnyilaseasnegania Snwaisiiuin
mafArIsLarAITuvedlduindeuld 1uideiildinies Field Emission Scanning Electron
Microscopy (FE- SEM) a4 Hitachi §u S-4700
2.3 Atomic Force Microscope dmsufnuanumenuinvesiiduiindeuld vuddei
T#A309 Atomic Force Microscope U84 Park ju Park system EX 100
2.4 Energy Dispersive X-ray Spectroscopy dmsufinwesdusznauniuaivesiidud
waeuld uddeiildiedes Energy Dispersive X-ray Spectroscope ¥84 EDAX %Wi@?\hﬂaé U
NABIaNIIALLUUABINTIA Y89 LEO u1450VP
2.5 Nanoindentation @ msufinuianuudesiiduiadovld  uideidldiades

Nanoindenter 9849 Micro materials i;u NanoTest
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3.2 LAT9AAUNANUNITTUUS o ARWARaUAInDS

WéumﬂmLﬁauazgﬁLﬁamiulmﬁ‘[,umu%’aﬁl,m%EmmﬂLﬂéaQLﬂﬁanzuua%é’uU’laﬂu%
wunfinsouadaneds (1wl 3-1 way amdl 3-2)  drewededueninlaatdnmess dudu
nsyuIUNSwsENNelian gy INIe FoduielFlafduueiiflaniiaudigosnisfosannny
sumelunvuzayanalsieglusedu 10 mbar dauuszneuvesaieandouszuvalnmeidly
mASeiUsEneuluse 2 @ fio AUVRITTUUFYNINTA (Vacuum Parts) uay d@3uv958UY
\AeU (Coating Parts) Fsilsnasidendieil

1. @WUBIssUUaINIA Usenausig vodnasunsIinssuaninaInamued diduni
YUIALFL31.0 LWURIIAT AINES 31.0 WURLAT YATTUULATOIGUARYINIAYDILASBALARDY
Usgnaudie Laesguuuuunslenvussuisaudoudetiuariiniosgunalint? ueiesgu
g I9ANUAUAIEUINTIAAUGY PFEIFFER Usenaume diulaninaiu TPG262 uag 119539
ANUAUYLA Compact Full Range Gauage §u PKR251

2. dvesszuuinasu Wudiwlumsnieuilaulasidouwesladeululase Uszneusie
wuniasounlve auaidusIuAudnats 5 cm 91U 2 93 svuviemudoudietaagaii
Tnmudlon (99.97%) wavezgiiflondialng (99.97) wieunasglvliussgsnszuanss naang
awsinsdndlunea THufaorfnounuuianias (99.999%) Wuufaatones lHufalulnsiau
mmu‘%qméqa (99.999%) Wunfalujizen dmsunistieuialunssuiunisiadauniunueie

Mass Flow Controller 983 MKS type247D

To vacuum pump

DC power|

'/
2]

Unbalance magnetron
cathode

Target
Substrats

holder
@

Window

adi 3-1 leevunsuvenndeundoulua guand i 3-2 inseamdeussuvalnmesanld

seuvatnmesefildluaise wwasuluauIve
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3.3 N15LAFIUNANUNS

[ (%
a =

nsimdeuilanlusuided d9eazideancd unasirelniinssuansgninnaudiiussuy

wisulagradndlihauddutanilnawassedndluiluandunisusguayinia Whaisiadeu

Y Y
v a o

AnAINTAIng wazsaiuszuuiduiiassuteausauindunisatmesvadlonauaisnaun

Usnaimidiansiadeu d1udanseaSugninauuLiuIasSUNRAAIULLYININIE NSRRI

Re

Puadld Iedains (Shutter) lidmiuiussninsagsessusutharnadeu iledestunmaiadou
Hadansessuluseninanssuiunmsviaiuaseiantidy (Pre Sputtering) wazgunsal Control
Unit fidieusiafu Mass Flow Controller (MFC) Tafiunisianumaasdesmununisiassuia
9819821880 Lﬁamuamé’mwmﬂuamaaLﬁam%ﬂauuaﬂﬂmLWﬁ%’WﬁﬂWuz@mmmﬁ JCELE
sns1nsiravewdatinuledy Standard Cubic Centimeter per Minute at STP (sccm)

dmsutuneulunnadeuiiduundlasilounwesiadeululasdi 3 funeudiissansendil

1. msa¥eannizgania « Buaninfansasdu (substrage) wipTunuiidesnisiedou
donndeu Tnssuuiwiunsdurudiainsauiussesinwesiansessuliinutithans
WAABU (doy) LARINABINIS L?ﬂi@usﬁlﬁlLﬁ@%ﬂﬂ%@i%%jﬁﬁlﬁﬂiaﬂ%‘uLLaSL‘ﬂ’]ﬁ’l’iLﬂaaU antdunis
aianzauINelag anmusumeluresadeulildanuduiiy (P,) wihiu 5x10° mbar

2. mswdeuiiduue ¢ suililunsedeutununuiideintsmendinisianuarenn
wiilaens pre-sputtering wd taBua1nn1sineuiaesneunazuialulasiaudfeaaiou
devnsideu  Tuduimindesnismuaumiuiusveaziedou () ansnsarllaenisudu
Ny INEgaveaaeadeuiiioiiuvieansninisguvesaiesgu elvldarmuiuniy
faans (WUnAruueliiviiiu 5x10° mbar) ﬁ]’lﬂﬁ?ﬁdﬁi’]ﬂlﬂﬁﬂngmizmeﬂﬁmﬂﬂmﬁgﬂ 2 Ym
iieais ansiadouannszuiumslnaifansa (Famesdlnog Fuitanusasuaidslniily
TunszuaumaideulasmIuusanszuavieausadnglinfidngliuiailne Seannsanivay
nszualiihlined viednslnihldneiflstutudeulalunismaasy) Werusmsdngluihiisne
Tanlnauaznszuaaiinaitialdliuasuwias Faunmsndeuiiduuns Ineladnnesndan
\hansindeusen iledunszuiunmaindouiiduasuuiansesiu neutuiindinszualilih ()
Adndlalin (v)  wazAiaudusin (P vniziadeu nduasedunszuiunsndeuiiduniy
sreznanfiimun () Yaunasirelifiussgenszuanss Innisdneufafiliindeundidoseinia

WY INTA WietianTessusen

[ [
v A

3. ASIATIEANALUIB TR  TuTLTUNISENIT U UNLARULA199NNNLATDILAR DU
Y a o = A A A 1Y%y} Vo | a ¢ A o
LAINNTUIBNBUEN NI LA AYIduTLAdaulsmenUa naudslUTLAs 1AL Na ANy

] y A i
anwalanzauoug selu
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3.4 N15IATITANAUUNS

a

AsAs1EERduUNsTuuIded Wuns@nwl dnvazlanizsaidunedeulaluuiduil

[
=1

U5¥N0UME ANWAENINNIEAIN SnwazlATIETINNEN ALY Snwaeiiull 1AsEs1eqania
uavessUsznousamaal FeflseasiBendicedl
1. nsAnwlaseadanan
1.1 mensilasamdnvesiiduulaniouezgiilenlulasdlasifiduiiadou

VULHUZANDUTU 11YNTILAT1ERAI8LATEY X-Ray Diffractrometer lianlaseas1ananvasilas

vdlasdlonwesladeululasadiiatu Tneasld Cuk, Juundasniinddiond lu Mode Low
Angle Avunsiaeglutas 20° - 80 © awnaduit¥alfazsuiineglusuuuumadsnuusdiond
Wisuiiguayu 20 Adumisnnudugsgaiuuinsgiudnedavesudly JCPDS ilomguLuy
Tassaamdnuesiiduusiiadeuldsely
1.2 msmwendnvesilauunalasillenesgiifolulngd dmiunismauiandnves
fduunlasdlonosgiifonlulasd amnsanilédanguuvunaisnvuidiendvesfiduunsd
waauldannip3es X-Ray Diffractrometer Tngldiaunisves Seherrer
13 mymAtnsiuanfisvesilanuialandeouezgiidenlulasd  wainguuuunig
Aeauudidendvedlduiindeuldaniaies X-Ray Diffractrometer Tngldauns nsmszeziing
JEMINTLUIUNENVRITEY
2. nafinwilasadegania msmuaEdN YL TuAY
2.1 dnwagitufituazanumenuinvesiiduuislasdouergiideslulased Anwidaeg
wadla AFM Tngiilduunsfiedouunuiudaneuluiinszsidaeinies Atomic Force Microscope
2.2 mMemamumu 1assainnania MAdarNe wardnvasiuimesiiduudandey
ozgiidloululasd dewada  FE-SEM Tasthilduunsiindouuududdney luiiasesisne
A3 FE-Scanning Electron Microscope
3. Mywegvesrlszneumaaiivesiduuislaslisuesaiiilonlulasd fematla EDS
IANUECTC R PTG R Energy Dispersive X-ray Spectroscopy Lﬁaﬁﬂmaﬂﬁﬂizﬂaumaﬂﬁm
maeduuilauuelasdlsugesiadeululasd lnsordenisiinsediendianiviivessigudasyiin
fefnnsaniiduunlnadouergiidenlulnsfuutununesdusenoueastn Cr AUN Al
4. myiamnuudvesiiduulandouezgiilenlulasdiadeuld fe Nanoindenter 39

TgInAmsUU Berkovich A28LsanAAIAWNNU 3 mN A9 6 AT
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3.5 LUININNIINAADY
fAfoutsnismanondu 2 nsvaaes fail

Mneasdi 1 nsAnwwavesdasvauialulasaunslasiad1aildy

I8N15VAA8Y

1. maedouildy tumeuiifunsedeuiidudanieuesgiidenlulase vy
nszandlasuazuiudaney Tnsmsudsarsnsilnauialulasiau Aldlunmsedeu WemAnwina
vossnlnanddlulpsiaurelasaswesiiduiadould Tnofvuslinssualniihvondlasdle
wazorgiviley Agft WinAU 300 mA saeai Imamuﬂummoﬁ’uiammzmﬁaﬂﬁmﬁmaamms
\douwiniu 5 x 10 mbar Aidsusazyeliinaadeuuu 60 wiit dwsusnalvaufaeisnel
AITIIIAU 10 scem way wusasnsilnaufalulasiausiuau 3 A1 fie 2 scem, 4 scem uwas
6 sccm (miwﬁ 3-1)

2. Mylansidnvasianzesiauiild TnoRnwilaseadewmdn vuianan A

LARTIY ANUNUT ANPUZNURT BaraIrUsenauNIwAdl

A15197 3-1 Weulvnswwasuliowdsaransiluawdalulnsiau

b\

W

Rouly s18aziden
Whansiagieu lasilley, axgilifley
Jan 5093y nsvanalan waswudanau
szuzinanidiansieiou 150 mm
ALY (mbar) 50X 10"
ANAUTIN (Mmbar) 50%x10°
ons1luaiiaarsneau (sccm) 10
ons1luanialulasiau (sccm) 2, 6,10
nszualviihozafifen (mA) 300
nszualnilasidion (mA) 300
LaAdau (min) 60
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I I

N13NARRdN 2 Anwinavesnsvudliihvesdorgiiousielassasneiiau
Jomsneaes

1. nswndeuildy duneuilidunsirdouiiduudlasdevezgiideululased vy

nsrandladuazunudaneulaenisulsenssualiihvesdhergiilunlunisindiou e Anwing

vosnszualihvesthergiiieusielassasiesilduneadeuls lnemvualidnslvauiaeisneu

a

WU 10 scem @rudnsIwialulasiauvinnu 2 scem waghusanseialwiivaatezaiiidey

F1UU 3 A1 WU 300 MA, 600 MA Wag 900 mA MINEIRY AFUANANNAUTINVEARBUL
A 0w -3 P = P~ ~
AU 5 x 10 mbar wagldnataiauuiu 60 Ui (A15199 3-2)
2. MINATITAINYULLRNIZVINaNALR IneAnulATIas19nan YuIAKEN AR

¥
A a

UaRTIY AIUNUT SNUUTNUR LLﬁ%@QF’i‘Ui%ﬂ@‘UﬁWG}

A157197 3-2 WeulvnisiedasudlonusaAnssualninveaadwasladey

Rouly s18azi9en
Whansiagieu lasilley, axgilifley
Jan 093y nsvanalan waswuTanau
szuzinanidiansiedou 150 mm
ALY (mbar) 50X 10"
ANAUTIN (Mmbar) 50%x10°
gns1luaniaarsneu (sccm) 10
onsnaunalulasiau (sccm) 2
nszualnihozafidon (mA) 300, 600, 900
nszualnilasidion (mA) 300
LaAdau (min) 60

18



UNN 4

NawazanUsigna

Y] (x4
4.1 wavesdns wandalulnsiau
dwilifudoyanisimssidnvasanisvesiiduulasdevezglideululasaniedoula
deltanslrawdalulasiaulunisedey 3 A1 lawn 2.0 sccm, 6.0 sccm wag 10.0 scem wavdl
NANTSANYIUTLNBUAIEENWMLNIEAIN LASIASIHNEN AASTILARTIY VUIARNEN BNWULNURILAY
a 12 P a s v & a s P
AUNUY AIIUNEIURT BeAUTENOUNIUATVRIEN 1ATIA5199801A LATAIIUKTIVDITAUIT
wwaauls dnanisAnwneadl

1. ANWUININILATN

FaudedoulauunseanalaniilowusAdmns b navowiabulasay AINNISEINANIE

! I als Ao = ~ = aa v 2 & o a
AU WUIMNAULANWULLISULLYU NULEY LFNLIN VlﬂN'P]uvLSUﬂ']ﬁLﬂa@‘U @QLLﬂ@NI‘UﬂWWV] 4-1

uncoated

d' o = as a A 1Y ¢ A " w o
AINN 4-1 aﬂﬂﬁugLLagﬁcﬂaﬂwaﬁJwLﬂa@‘U‘lﬂ‘U‘Uﬂigﬂﬂala@Lll@LLUsﬂ']@miql‘ViamaﬂLLﬂa‘LUIﬁsL"Uu
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2. lpseadanan

A 42 uanssUuuunndsvuidiendanmeiia XD vesiiduuisiiadeuls
Tusmiddoll ieuusAdnalnaualulasiou 3 A1 Ao 20 sccm, 6.0 sccm uaz 100 scem
wamsfnwmuidelddnslvaufalulasiau whifu 20 scem nusluuumMaAsuLTsdiendd
R 3897° . 45.20° wag 65.69° aonaneaiulasllovevalillonlulasdszuiu (111), (200) way
(220) delsnalnaufalulasauviii 6.0 scem wusUuuunsiAsnuussdendiiyy 37.45°,
13597 oz 63327 Faaenndesiulasiflenozgiilonlulasdszuu (111), (200) uag (200)
anhedoindaivaufalulnaoudu 100 scem nuglkuumsdsuuadiendiyy 37.35°,
uay 4357 %aaamﬂé’aaﬁ"UImLﬁauazqﬁlﬁaﬂulmﬁizmu (111) wag (200) dmsuguiuunis
Aenusadiendiyu 56507 Wusumisfinvesdaneuildiiutagsestu

defiansunuisuifisusuuuunndsnvuiiiiondvesiiduiindould fu suuuy
maidsnuuidienduesansusznoulandenlulnsd (CN) uazorgiidlonlulase (AN) Beld0u

AuMe9899 g udeya JCPDS vl 770047 wag 882250 mua1diu wudndlelddnlvauia

'3 )

lulnsiaus (2.0 scem)  JUuUUMTABIUSdlendvasiiduiiindouldduiidiogsemineguuuy
nsdsnuudiiiondvosansUsznoulasdevlulasduazezgfiflonlulnsdviomn Seaguldi
sudilad Ao Wauusvedasidevevgiiioylulasd seuru (111), (200) wag (220) (AWl 4-2)
wiilodnslvaufalulnsauindudu 6.0 uas 100 scom  WugETEITULUUMTRIIUY
Yedondidoulunisdne Gwsstusuuuumaisnvuiidiondveslandonlulasd ssuiv (111)
domnidefiusnrinautalulanauasshlduimalulasaulussuugsdu auidmniunely
nawesududuiduundlandonerglifonlulasd wiliAaduus 4 vesansusenaululngd
wiiudhasiedou (7i3endn Target Poisoning) Wil mniiansand1 —AH, (Heat of Formation)
voslaslululnsiuaresaiitlonlulag wudt landeululasalien -AH, Wi -124.8 kJ mol”
aainovgRidenlulasdiiin —AH, Wiy -241.6 K mol” vilithesglidenilomaiiatunes
ozgiiflonlulasduns q fifavth Idihendndlandlen Wunalisnsmsatiamesvesezgiiflen
anasnnnindilasifien susreviliernenvesezgiifouiignainnesoenuntesaulsiainsa
sesusuduturesiiduulaadovergiidenlulasdls vilifiduusiiedouldileldsnalouia
1ulnstauga (6.0 sccm uag 100 scem) dmstesuiadulasdeululasdviiy fahilutudagy
IFilduuiseslandouergiifonlulasd Andouldlumuidoiifatuilolddaslvauia

TulasLauAYINTY
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CrN(111)
*e*AIN(111)
CrN(200)
« « JAIN(200)
CrN(220)
AIN(220)

substrate : N, flow rate

IN' : : 10.0 sccm

Intensity (a.u.)

20 25 30 35 40 45 50 55 60 65 70 75 80
2 Theta (deg.)

A9 4-2  sUuuuNsiRgiuusidiendvesiiaumiadeulalienusadnsiivaveuialulasiau

4.200
4150 £ ... _._ @ e _
<
= CrN = 4.148 A
- 4.100
(]
H
5 4.050
@)
L
£ 4.000
&)
(4]
— 3.950 AN = 3.938 A
3.900 : L ; A ;
2 6 10

N2 Flow Rate (sccm)

A0 4-3  nsmiSeuiisumasiwaniguaaiiauszuu (111) edeulaiumuinggiu
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a' = i = a as A A v A @ o
H1919 4-1 GU‘U'WINaﬂLLagﬂ']ﬂ\‘WlLLa@W]‘(WJENWﬂ@JVlLﬂa@Ul@ LN@LLﬂﬁﬂW@G’ﬁWI‘ViaLLﬂaIUImsLﬂu

ansluanialulasiau YUIANEN Arnsiivaniiv
(sccm) (nm) (A)
2.0 17.7 3.999
6.0 33.5 4.154
10.0 239 4.165

e . CrN-PDF 77-0047 = 4.148 A
AWN-PDF 88-2250 = 3.938 A

a = a ! N a A | Y o
AN 4-3 LLaﬂﬂﬂi’]WLUiﬁJ‘UL'V]EJ“UV’WVN'V]LLﬁ@W%%@QWﬁ@JWLﬂﬁ@Ul@ NUATNINIZTIUVDY

=]

Tasulenilulasd JCPDS 1avdl 770047) uazozaiiilonlulasd (JCPDS Lawil 882250) Fafuanian

AUNITILHLUNITENINTEUTUNANTUSZUUNB NN ATIaS U U SuLmasAIdn  (fco)  wuan

a = A

Amsianfisvesilduiindouldluszuiu (111) fldeglurae 3999 A - 4162 A Fadudried

seninAnsivaniisvaslaniloululasd (CN) uavergilileululasd (AIN) augudeya JCPDS

a

FILAAILUANTIN 4-1 MIRNRNSU YT UsUAIAIILanTTYeIRauAeaaUlAlLIWITediU

'
=

APINkanTivaInTgIuvetargiitluululngd mugiuteya JCPDS 1avdl 882250 LH@9INNTT

al

ununozanouvedlasiivy Galvesoznoulszuia 139 pm) FIUVUIATRYNT108NDUVD
avgiliflon Grllveseznaudszanas 121 pm) lulassadiavesevgiiflonlulase vinlvisseying
FTWINTEUNVVDINANTANNNTUY danalimnsiilaniigvesilauiiiadoulatiaiiuau (Weiisuiu

a A

Arasiuaniweygiiiilonlulasd) viliuuvesguuuumsidenvuiediendvesiiduinioulainig
o v & v ¢ a a I3
dWoulumedrevessunuunsifiuuidiendvesesgiifoululng
dmsuruendnvesiiduuidasdousvaiiilonlulasaduiniieaunis Scherrer 370
sUkvunsidevusdiondvesiiduuisimadoulatuning 4-2 nudndedasiivanialulasiou
WYY nEnTszuI (111) Saniaduain 17.7 nm 1u 59.8 nm vaefiszuny (220) YU1nT09KEn
fAWANTUIN 21.9 nm Wu 23.5 nm deuanslunisned 4-1 suiendndaniinduniudnsila

whalulpsiau
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3. ANWAUTNURILAZAIIUNUN

awdl 4-4 dmsunansdnuusiiuivesdiduuslandenergiifeululasdiadouiisnm
Tnaufalulnsiausing q mrmmeda AFM - wuidnvariiuiivesdlduddsulunusnsilnaves
wralulpsiuiiiutu Inedlesnslravesuialulnsauwiiiu 20 scem nsuvosiiduiidnvae
Juwradnunauisensyaneimimeidy duiiduiindeudesnsinavedadlul asauiniu
6.0 sccm insuvesTiduTvwalaty anvhedesaslnavesufalulnsiausiiu 10.0 scem ingud
FnuanfuwislngUaneunaunseanerRaminiidy ﬁu’aﬁjﬁﬂwmzmiwuaﬂéﬂmgﬁﬁummmiLﬁm
vassnslnauialulasiou Wewnnidleudlulnsuiumnduinldsnsnsadnmesvedasilon
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6. AMULIsvasia
dmfuanuudwesiiduunaiindouldfideglutae 141 - 603 GPa (an519dl 4-3)
dunmit 47 Wudhedransiuaninuduiuivessyezaudniimnamesnaadliluie
vosTauuazusildlunisnefidn 91nnan1sveaesnuin Hdufiedeusesnsvaudalulnsiaus
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2. lpseadanan
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4. aeAUsENaUNAALivasHEy
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6. AMULIsvasia
dmfuanuudwesiiduusiindouldiidieglutie 459 - 705GPa (519l 4-6)
dun it a-14  Judedansnuaninnuduiusessrozauandifnamesnaadldlude
vosfldunazuseiildlunisnafidy arnnanisdneinudn Hufindeusisnssualniinve i
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2. wavaanszudlnihveathezgiiiey

21 Wanunslasidiouezgiidonlulasdindouls ddmdunndeulvnisiadou
L‘UgEJ‘LJLLUNGI’]QJHS%LLﬁiWﬁﬂﬂJaﬂLﬂ’lazqﬁLﬂﬁm

2.2 Wdwulasdlonezgiiflonlulasdiiadeuld Massairawdnuuuime Wumes Adn
J2UN (111), (200) wag (220) Lﬁ'@ﬂﬂ’fﬂszLLﬁlWﬁwauﬂwazqﬁLﬁwﬁw (300 mA)  usilowfiaan
nszualiiiventhergidounudinrudundnvesiduiilémely nuguuunisideaouly
Snwalaugrun oy

13 Wlduindeuldivuiandniindu 39.1 nm uagiAnsfiuanfinszunu (111) Wiy
3.987 A

a

1.4 anszwabniiveadiszalidouinan oA UnuIkaAUREIURIVDINAUTA LA

Y

[
=

diemnszudliihvesdrozglideniiindumnunuiuarannureviadaiuguain 347 nm 1y
1047 nm waz 2.8 nm 10U 3.4 nm
1.5 asAUsznausinvesildy wultAnssualiihveudezglideviinasonsAuseneay
a = a < a aa A a & i
swvesilduulasillenergiiillonlulasd lng Usinuezgilideuianiindunuanszualiiives
Whergiuiley dmdSinalasdeuuaslulasiauinanas
1.6 lassaieganiavestuilduundlasilevezgiillonlulasaniadouls dn1sdnieedn
(% s a v 1 g r.ﬂ' ! a N ‘g
wuuRedNwSkarildnwazwivTulamnseualnihvestresalileuiuiuy
< a6 < a e = =~ ya i 1 !
17 anuudavesiiay anuudeesiiduuisiindeuladidregludig 459 - 70.5 GPa

wWasuwladluanunseaaliinveaderaliflsutazlassassnanvasiaundaula

Y

5.2 UDLEUDLUY

1. wellasueainuuninseualamessdmsunisindeuilauu1svesansusenousinmig ¢

v a Y o

Junsindeuiliildunmnings n1s8eind Lifidymawinden uwiddidedinuisedns wu
& = va ¢ a va A a S o & v  a a s a
n1swndeutielilaiduunsniiaudfmiouduynasidndusedinisaivaunis dnesatylu

& W = =~ a 5 = a Y |
NS¥UIUNISIARDURE1SANY LB INMsWasuwlasmsiwesildlunisiadoudiudwmalaunss
ADANWAIENINNIEATN LATsad1uazauiRnig o sidunindaula AstudnisAneInsdnes
iooulunie NinanauURvoIWaLANAN 19U 1AINITARDU AWAUS SEugreaInutL

answmdeuiiviansessu nisluseatuau mslimnudeuvasindeu Wudu

37



¥
a o d\ly a s

2. sl suNaNUUeEnsUsENeaU 3 ¥in (Ternary Coating) e 1 9U F9dina

[ =t

seauTRBnavedlausyiunils aghslsinuumeaidumsiiulssavinmuesiidugiusing q tu
Saanansoviildlasnsifiusinvdindl 4 (Quaternary Coating) wiewndouiiduliidnuasiiuszuy
Hdumanedu (Multi-layer) sazvilisundeuiildiiussansnmanniy

3. deundeuilitivunadndmiulilunidfodundn lfausnndoutunulindos
siladu fadmndosnslinuriadgeamnssudndudesiiniaedevessioidesuaridduay
snlunmaiadevusiazads fdufenisinisuivlsmierauadenndoviifowalunadu e
seafunazisEuIuaNNsvsamAllaf1eg dmsunfeuiiduuiddusyivgaamngsy

4. Wanurewesansusenavatuvdatunuidedlgmadanisiadeusuulaatnnese eilvan

1%
=

drfyAeaunsamuANEnTIdIuTeteEnaNaTATaULAa T lAR U9 UATEUUAZEILINTY
Weosandesdiuvasiudaaisiedousazaindngldiuiu 2 ga egslsnaniduuislunquilds
ansawndeumedsaulaen wu nmaedeulagldidiansimdeunuuluan wie nsiedeulagldiii

cs Y AR = = = = a Y a wa a e
A15LATOULUUSARRER AIuAIRIsiinIsAnyIUSsuigueiumatl auazautivesiauu1sves
a1sUsEnevauvilainIeunlenatindy

3 1

5. Jansessunldluauided Ao nszandladuazuruddneu dmsunsfnwanvauzianis
voaaueseuls agelsnfudnvesiansosuiinanadnuauznianionin lassadandnias
audRusUsenisiiduieitesiuiansesiu Auiudemsimsfnyiiiuiuieiunisadeu

TauuuuTanTesuUsEInmeeg

38



1ONE1591999

fiug Augnsaas wozstann Yaus. (2547). Maideuasimunsadeuiinlagieisalnnese
mauuUIUTATIEgRaMNTIN SEaeTl 2 5989UNITI9EYsE T 2547, Yeed1naTu
NeUANUaYUNIT IV TINAUSIUNIIUATYENI9ATIMNTIN  NTUNNI: AAInTHENS
UINRENALULATNTEIBUNATUYS.

Barshilia, H.C., Selvakumar, N., Deepthi, B. & Rajam, K. S. (2006). A comparative study of
reactive direct current magnetron sputtered CrAIN and CrN coatings, Surface and
Coatings Technology, 201, 2193-2201.

Bunshah, R.F. (1994). Handbook of Deposition Technologies for Films and Coatings
(an ed.). New Jersey, Noyes.

Chapman, B. (1980). Glow Discharge Processes. New York, John Wiley & Sons.

Chunyan, Y., Linhai, T., Yinghui, W., Shebin, W., Tianbao, L. & Bingshe, Xu. (2009) The effect
of substrate bias voltages on impact resistance of CrAIN coatings deposited by
modified ion beam enhanced magnetron sputtering, Applied Surface Science,
255, 4033-4038.

Han, Z., Tian, J,, Lai, Q., Yu, X. & Geyang, L. (2003). Effect of N2 partial pressure on the
microstructure and mechanical properties of magnetron sputtered CrN, films,
Surface and Coatings Technology, 162, 189-193.

Hones, P., Diserens, M., Sanjinés, R. & Lévy, F. (2000). Electronic structure and mechanical
properties of hard coatings from thechromium-tungsten nitride system, Journal
of Vaccum Science Technology B, 18, 2851-2856.

Hones, P., Sanjinés, R. & Lévy F. (1998). Sputter deposited chromium nitride based ternary
compounds for hard coatings, Thin Solid Films, 332, 240-246.

Hurkmans, T., Lewis, D. B., Brooks, J. S. & Munz, W. D. (1996). Chromium nitride coatings
grown by unbalanced magnetron (UBM) and combined arc/unbalanced
magnetron (ABS™) deposition techniques. Surface and Coatings Technology, 86—
87, 192-199.

Jeyachandran, Y.L., Narayandass, Sa. K., Mangalaraj, D., Areva, S. & Mielczarski, J.A. (2007).
Properties of titanium nitride films prepared by direct current magnetron

sputtering, Materials Science and Engineering A, 445-446, 223-236.

39



Kawate, M., Hashimoto, A. K. & Suzuki T. (2003). Oxidation resistance of Cry AN and
TiixAlN films, Surface and Coatings Technology, 165, 163-167.

Khamseh, S., Nose, M., Kawabata, T., Nagae, T., Matsuda, K. & lkeno, S. (2010). A
comparative study of CrAIN films synthesized by dc and pulsed dc reactive
magnetron facing target sputtering system with different pulse frequencies,
Journal of Alloys and Compounds, 508, 191-195.

Lv, Y., Ji, L., Liu, X,, Li, H., Zhou, H. & Chen, J. (2012). Influence of substrate bias voltage on
structure and properties of the CrAIN films deposited by unbalanced magnetron
sputtering, Applied Surface Science, 258, pp. 3864-3870.

Martinez, E., Sanjinés, R., Karimi, A., Esteve, J. & Lévy F. (2004). Mechanical properties of
nanocomposite and multilayered Cr-Si-N sputtered thin films, Surface and
Coatings Technology, 180-181, 570-574.

Parameswaran, V. R., Immarigeon, J. P. & Nagy, D. (1992). Titanium nitride coating for aero
engine compressor gas path components. Surface and Coatings Technology, 52,
251-260.

Pilloud, D., Dehlinger, A. S., Piersona, J. F., Roman, A. & Pichon, L. (2003). Reactively
sputtered zirconium nitride coatings: structural, mechanical, optical and electrical

characteristics. Surface and Coatings Technology, 174-175, 338-344.

Rohde, S.L., & Munz, W.D. (1991). Sputter Depostion in Advanced Surface Coatings

a Handbook of Surface Engineering.( pp. 103-105). New York: Chapman and Hall.
Smith, D.L. (1995). Thin-film deposition: principle and practice. New York: McGraw-Hill.

Tlli, B., Mustapha, N., Nouveau, C., Benlatreche, Y., Guillemot, G. & Lambertin, M. (2010).
Correlation between thermal properties and aluminum fractions in CrAIN layers
deposited by PVD technique, Vacuum, 84, 1067-1074.

Uchida, M., Nihira, N., Mitsuo, A., Toyoda, k., Kubota, k. & Aizawa, T. (2004), Friction and
wear properties of CrAIN and CrVN films deposited by cathodic arc ion plating
method, Surface and Coatings Technology, 177-178, 627-630.

Vossen, J.L., & Kerns, W. (1978). Thin Film Processes. New York: Academic Press.

Wang, L., Zhang, G., Wood, R. J. K, Wang, S. C. & Xue, Q. (2010), Fabrication of CrAIN
nanocomposite films with high hardness and excellent anti-wear performance for

gear application, Surface and Coatings Technology, 204, 3517-3524.

40



Wang, Y. X., Zhang, S., Lee, J. W., Lew, W. S., & Li, B. (2012). Influence of bias voltage on
the hardness and toughness of CrAIN coatings via magnetron sputtering, Surface
and Coatings Technology, 20, 5103-5107.

Wasa, K., & Hayakawa, S. (1992). Handbook of sputter deposition technology: principles,

technology and applications. New Jersey: Noyes.

41



NT1ANUIN

42



ATANUIN N

NANANUILASINIG

43



NANAAYDILATINIS

Tasams  mawdsuduedeuudmodandouosgiideoululasddae
BIuweannuuninseulaalnnesa

widawu  yuaduayunsIdeain wussinatuneld nlugayuainizuia
(uUTEINMULHLAY) UseinTeauuseannd w.a. 2558 UM INg1agysm

swalasan1s 103238 / dayavdl 69/2558

1. WAMUARNN: N13UTEYININTTERUUIUIYIF
Khambum, A., Buranawong, A., Chailyakun, S., & Witit-anun, N. (2015). Growth and
Characterization of CrAIN Thin Film Deposited by DC Reactive Co-Sputtering. In
International Conference on Science and Technology 2015, RMUTT. November 4-6,

2015, 533-537.

2. HAULBNESITUY
1. milinnueweseigaula Wndsusufanssuvedlasinsiden diuiu 3 A
2. MITINIATNTIANTUAAIUALHELNINAINUITY 11 3 A3

3. M uINgINTUTTEBNELNTHAIIUTTY IUIU 2 ASY

3. MSHAAYAAINT

[y

1A59IN5IFUiRAR seauddndne Us.a.(Wand) 115w 1 au town

L3 o

Fo-uruana W9EBNsTh Ayy
Wonelinug  Mawseularfnndnvazamzvesilauuilasdeesgilidey
lulasameisiueniinuuninseulpatamesa
Preparation and Characterization of CrAIN Thin Films by Reactive
Magnetron Sputtering Method

Y

e = Ao s aa ¢
9197158NUINWN WA.AT.UIUAT TNHOBDUUR

44



1. NAITUANUN - 1

Proceedings 2015 International Conference on
Science and Technology

TICST20 1 5 Faculty of Science and Technology, Rajomangala University of Technology Thanyaburi, Thailand
November 4-6, 2015 IEEE Xplore
Digital Library

The International Conference on Science and Technology
The main topics of TICST2015 include:

Physics, Earth Science, and Applied Physics
Mathematics and Statistics

Chemistry and Chemical Technology

Computer Science and Information Technology
Biology and Biotechnology

Applied Science and other related topics

Rajamangala University of Technolegy Thanyaburi (Thailand)
National Pingtung University of Science and Technology (Taiwan)
Kobe University (Japan)

Islamic University of Indonesia (Indonesia)

National Food Research Institute (Japan)

4 IEEE

45



International Conference on Science and Technology 2015

November 4-6, 2015
Faculty of Science and Technology
Rajamangala University of Technology Thanyaburi, Thailand

Jointly organized by

e Faculty of Science and Technology, Rajamangala University of

Technology Thanyaburi (Thailand)

e National Pingtung University of Science and Technology (Taiwan)

e Kobe University (Japan)
e Islamic University of Indonesia (Indonesia)
e National Food Research Institute (Japan).

“

4 z
Py 5]
1] o
[ Z
w

> c”
=] 3

Technical support:
e |EEE Computer Society Thailand
e acm Thailand
e |EEE Thailand Section
e |EEE XPlore
e |EEE

IEEE Xplore®

Digital Library

Thailand

< IEEE

46



International Conference on Science and Technology 2015, RMUTT

Growth and Characterization of CrAIN Thin Film
Deposited by DC Reactive Co-Sputtering

Amonrat Khambun

Department of Physics, Faculty of Science,
Burapha University, Chon Buri, Thailand.
amonratja@hotmail.com

Surasing Chaiyakun
Department of Physics, Faculty of Science,
Burapha University, Chon Buri, Thailand.

s-chaikhun@hotmail.com

Abstract—Chromium aluminium nitride (CrAlIN) thin films
were grown on Si wafers by DC reactive magnetron co-sputtering
technique without external heating and biasing to the substrates.
The effect of N, gas flow rate on the structure of the as-deposited
films was invested. Cr and Al metals were used as sputtering
targets. The Cr and Al sputtering current were fixed at 300 mA.
The sputtering gas (Ar) flow rate was fixed at 10 scem and the
reactive gas (N;) flow rate was varied from 2 scem to 10 sccm.
The crystal structure, thickness, roughness, microstructure,
surface morphelogy, elemental composition and hardness were
characterized by glancing angle X-ray diffraction (GAXRD),
atomic force microscopy (AFM), field emission scanning electron
microscopy (FE-SEM), energy dispersive X-ray spectroscopy
(EDS) and nanoindentation technique, respectively. The results
showed that, all the as-deposited films were formed as a (Cr,A)N
solid solution. The as-deposited films exhibited a manostructure
with a erystallite size of less than 40 nm. The crystal size and
lattice constant was in range of 17 - 33 nm and 3.998 - 4.165 A,
respectively. The film thickness and roughness decreased from
400 nm to 244 nm and 2.8 nm to 1.4 nm, respectively, with
increasing the N, gas flow rate. The elemental composition of the
as-deposited films varied with the N, gas flow rate. Cross section
analysis by FE-SEM showed compact columnar and dense
morphology as increasing the N; gas flow rate. The film hardness
was in range of 14.1 - 60.3 GPa.

Keywords—CrAIN thin films, N, gas flow rate, co-sputtering

I

The materials surface finishing by hard coating based on
transition metal nitrides is an important industrial process.
These hard coating help to protect base materials against wear,
corrosion and/or erosion. Nowadays, most of machinery parts,
cutting and forming tools are coated by hard coating, which
increase in lifetime and more efficient compared to uncoated.
The binary metal nitrides hard coating such as TiN, CrN, and
ZrN are known as the first generation of physical vapor
deposition (PVD) hard coating for machinery parts and tooling
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[1]. These metal nitrides possess higher hardness than of high
speed steel and cemented carbide due to their superior
tribological properties [2,3].

Among these films, CtN thin film has been extensively
studied and used due to its high hardness, high thermal stability
and good wear resistance as well as excellent corrosion
resistance and is widely used in die casting, metal forming, and
tool machining applications to increase productivity and tool
life [4]. However, CtN thin films still shows inadequate
properties such as high speed machining and high temperature
above 700 °C because the properties of CiN films degraded
rapidly due to the oxidation [5]. For hard protective coatings,
thermal stability is important as they are exposed to high
temperatures during casting process.In order to overcome these
problems and/or improve properties of the CrN, the Cr-based
ternary nitride films by incorporation of some element into
transition binary CrN coatings, such as CrTiN [6], CrAIN [7],
CrSiN [8] and CrZ1N [9] were developed, and their excellent
properties have been reported in many previous publications,
especially CrAIN films.

PVD techniques are the most popular methods to deposited
these ternary nitride hard coating and, among them, sputtering
method is the most suitable one due to low-temperature process,
use of non-toxic gases and simple process [10]. However, it is
common knowledge that the properties of films are related to
certain characteristics, such as crystal structure, elemental
composition, thickness, roughness, microstructure and surface
morphology of the desired films which depend on deposition
parameters such as gas flow rate, sputtering current, substrate
heating, substrate-target distances and substrate bias. Therefore,
the study of deposition parameters is useful to understand the
structure and properties of the films to develop for desired
characteristics. Nowadays, many researcher studies of CrAIN
deposition technique have been focused on the influences of
the deposition parameters on the structure of CrAIN thin films.
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In this research work, the effects of N; gas flow rate on the
structures of CrAlIN thin films, deposited by DC reactive
magnetron co-sputtering without external heating and biasing
substrates at low sputtering current on crystal structure,
thickness, roughness, microstructure, surface morphology and
elemental composition were investigated in details.

Materals and Methods

CrAlN thin films were deposited on silicon substrate by DC
reactive magnetron co-sputtering system (Fig. 1). The system
used in this research work was a homemade deposition system
equipped with PFEIFFER compact full range gauges
(PKR 251), measurement unit (TPG 262) and MKS mass flow
controllers (type 247D) to monitor the pressures and control
working pas flow rates. The separate metallic Cr (99.95%) and
Al (99.95%) targets were used as the sputtering target, at a 75°
magnetron cathode arrangement. Pure Ar {99.999%) and N,
(99.999%) were used as the sputtering and reactive gases,
respectively. The substrate to target distance (d) was set at
150 mm. The deposition conditions as listed in Table 1.

Before sputtering, the chamber was evacuated to a pressure
below 5x10°° mbar. The targets were pre-sputtering with the
Ar gas atmosphere for 10 minutes while the substrate was
shielded by shutters in order to eliminate the target surface
contaminant. The thin films were deposited after working gas
was injected into the deposition chamber at constant Cr and Al
sputtering current of 300 mA. The thin films were deposited at
a constant Ar gas flow rate of 10 sccm. N; gas flow rate was
adjusted as a process variable from 2 to 10 scem. The working
pressure was kept constant at 5.0x10° mbar during the
deposition process.

The crystal structure was determined by glancing angle
X-ray diffraction (GAXRD: Bruker D8). The incident angle of
3° with 26-scan varied from 20°-80°. The crystallite size can
be calculated from the full width at half maximum (FWHM) in
the XRD pattern using Scherrer’s equation. The surface
morphelogy and roughness were evaluated by Atomic Force
Microscope (AFM: Nanoscope 1V). The films thickness,
microstructure, and cross-section structure were investigated by
Field Emission Scanning Electron Microscope (FE-SEM:
Hitashi s4700). The elemental composition of the as-deposited
films was determined by energy dispersive X-ray spectroscopy
(EDS: EDAX). The mechanical property, in term of hardness
of the CrAIN films was determined by the penetration depth
which recorded by nanoindentation technique. Nanoindentation
experiments were conducted at ambient conditions using a
nanoindenter (Micro materials-NanoTest) equipped with a
pyramid Berkovich diamond tip. Indentation was performed at
fixed load of 3mN. Each cycle repeated 6 times. The purpose
of repeating was to minimize the potential errors and reduce the
variation of each cycle.

TABLE I. THE THIN FILMS DEPOSITION PARAMETERS

Base pressure 5.0x 10 mbar
Working pressure 5.0x10° mbar
Cr current 300 mA
Al current 300 mA
Ar pas flow rate 10 scem
N pas flow rate 2,6, 10 sccm
Deposition time 60 min

Deposition parameters Details

Deposition technique
Sputtering target

DC Reactive co-sputtering
Cr (99.95%),
A1(99.95%)

Substrate Silicon
Substrate temperature room temperature
Substrate to target distance 150 mm
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II. RESULTS AND DISCUSSION

A. Deposition rate

The deposition rates of CrAIN thin films deposited at
different the N, gas flow rate are shown in Fig. 1. The results
showed a significant decrease of the deposition rate with
increasing the N, gas flow rate. As the N, gas flow rate
increased from 2 scem to 10 sccm, the deposition rate of the
thin films decreased from 6.6 nm/min to 4.1 nm/min, because
of the exceed N, gas are react with the surface of Cr and/or Al
targets, and form to be the thin nitride layer on the target
surface, which called target poisoning, that reduce the Cr and
Al target sputter rate.

Depositeion Rate (nm/min. )
o

2 [ 10
N2 Flow Rate (scem)

Figure 1. Effect of N; flow rate on the deposition rate of thin films

B. Elemental composition

An increase of the N; gas flow rate affected the elemental
composition (atomic concentrations of Cr, Al and N) of the
as-deposited thin films. In this work, it was found that as the N,
gas flow rate increased from 2 to 10 sccm, the Cr content of the
as-deposited films decreased from 37.5 at.% to 26.1 at.%, while
the Al content decreased from 11.3 at.% to 8.4 at.%, and the N
content increased from 51.2 at.% to 64.3 at.% (Fig. 2).
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Figure 2. Effect of N, flow rate on the elemental composition of thin films

C. Phase development and crystallographic properties

XRD patterns of the CrAIN thin films deposited on silicon
at different the N, gas flow rate are shown in Fig. 3. The
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standard 26 positions for the (111), (200) and (220) reflections
of the CrN and AIN structure are also included for comparison
purposes. The XRD patterns of the as-deposited films showed a
continuous shift of the peak positions from the standard 20
values with increasing the N; gas flow rate. As the N; gas flow
rate increased from 2 scem to 10 scem, the 20 values for the
(111), (200) and (220) peak reflection of the CrAIN structure
shifted toward the lower 28 values. This result suggested that
the as-deposited the films formed a solid solution (Cr,AI)N
whereby Cr atoms in CrN structure were substituted by Al
atoms form sputtered of Al target [10,11]. The d-spacing in
solid solution thin films were gradually increased, therefore
the enhancement of 26 values were observed according to the
Bragg’s law of X-ray diffraction.

subsimite

SOEN(LITY

e AIN{ Y]
e e N0
o s AINO0)
= oo CEN20)
e AINGE20)

N, Mow rate

10.0sccm

Intensity (a.u.)

20 25 30 35 40 45 S0 55 60 o5 0 75 80
2 Theta (deg.)
Figure 3. XRD patterns of CrAIN films deposited at different Nz flow rate.

The results for the calculated crystallite size and the lattice
constants of the as-deposited films are shown in Table 2. It was
found that as the N, gas flow rate increased from 2 to 10 sccm,
not only the crystallite size of the as-deposited films calculated
for the (111) peak increased from 17.7 nm to 33.5 nm, but also
the lattice constants of these films, which were deduced from
the (111) peaks, increase from 3.998 A to 4.165 A, as shown in
Table 2. The increased in the lattice constants could be the
results from the substitution of Cr atom with Al atom in the
CrN lattice to form the CrAIN solid solution structure since the
radius of Al atom (1.43 A) is larger than the radius of Cr atom
(1.36 A), therefore, the lattice constants of the as-deposited thin
films in this work increased with increasing the N, gas flow
rate as showed in Table 2.

D. Surface morphology

The two dimension and three dimension AFM images of
CrAIN thin films deposited at various N, gas flow rate are
illustrated in fig. 4. As can be seen from the figure, the small
individual with spread across the surface were obtained at
2 scem (fig. 4a), with increasing of N, gas flow rate to 10 scem,
a bigger and aggregations of grains were appeared (fig. 4c).
The RMS roughness value of the films deposited at N, gas flow
rates of 2, 6, 10 sccem are 2.8, 1.9, 1.4 nm, respectively.
The alternation of surface morphology with increasing N, gas
flow rate is attribute to the fact that the films deposited at high
N, gas flow rate give the target poisoning on both sputtering
targets which the deposition rate was decreased then the
adatom had enough time to enhance their size.

E. Microstructures

The microstructure and the cross-sectional of the CrAIN
thin films deposited at different N, gas flow rate are shown
in Fig. 5. The nanocrystalline CrAIN grains were formed
mainly of individual grain and compact pattern which are
clearly identified from low N gas flow rate (2 scem). When the
N, gas flow rate increased to 10 sccm, it was found that
the surface composed of small nano grains size with less void
and denser structure, due to high nitrogen atom can more react
with chromium and aluminium atoms. The as-deposited thin
films exhibited smoothing surface with increasing of the N, gas
flow rate, corresponded to the decrease of crystallite size which
determined from XRD pattern.

From cross-section analysis were clearly identified that the
thickness were decreased from 400 nm to 244 nm resulting
formed the target poisoning when the N, gas flow rates
increased [l12]. The cross-section observation apparently
reveals the equiaxial structure with also exhibit good columnar
pattern. As the N, gas flow rates increased, bombarding with
higher energetic particles lead to the microstructure with dense
packed fibrous grains which correspond to Zone T in the
structure Thornton’s zone model [13]. In addition, the nitrogen
atoms added to the as-deposited films resulting dense
microstructure through the grain refinement.

F. Hardness

The hardness of the sputtered CrAIN films as a function of
N, gas flow rate is obtained from load-unload displacement
curve of (fig). 1. A decrease in hardness of the as-deposited
CrAIN films from 60.3 to 14.1 GPa is obtained with increasing
N, gas flow rates. The hardness of the CrN films was lower
than the CrAIN with high hardness (60.3 GPa) were obtained at
low N, gas flow rate but the low hardness of the CrN
(14.1-15.9 GPa) were investigated when deposited at high N,
gas flow rate of 10 sccm (table. 1).

TABLE 2. DEPOSITION CONDITIONS AND SOME PROPERTIES OF THE AS-DSPOSITED THIN FILMS AT DIFFERENT N: FLOW RATE

N, flow rate Thickness Roughness Crystal size Lattice constants Hardness Elemental composition (at%)
[scem] [nm] [nm] [nm] 1A] (GPa)
Cr Al N
2 400 2.8 17.7 4.139 60.3 3747 11.29 51.23
6 294 1.9 335 4.153 159 27.32 8.40 64.28
10 244 1.4 239 4.162 14.1 26.07 9.76 64.31
535
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Figure 4. AFM images of CrAIN films deposited at different N, flow rates of (a) 2 scem, (b) 6 scem and (¢) 10 scem.
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Figure 5. FE-SEM micrograph of CrAIN films deposited at different N, flow rates of (a) 2 scem. (b) 6 scem and (c¢) 10 scem.
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Figure 6. Load-displacement curve of CrAIN films prepared at 6 scem.
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III. CoNcCLUSION

The nano-crystalline ternary nitride CrAIN thin films were
successfully deposited on silicon without external heating and
biasing substrates. The crystal structure, thickness, roughness,
microstructure, surface morphology elemental composition and
hardness of these films were evaluated as a function of the N,
gas flow rate. It was found that increasing the N, gas flow rate
caused the deposition rate decrease, the content increase while
the Cr and Al content of the films decreased. The XRD results
show that the films composed of (111) and (200) plane with
small shift toward the lower 20 values. The film’s crystallite
size was in range of 17.7 - 33.5 nm. The film thickness,
roughness and lattice constant decreased with increasing the N,
gas flow rate. The microstructure and the cross-sectional
analysis by FE-SEM showed compact columnar and dense
morphology as increasing the N, gas flow rate. The hardness of
the as-deposited films was decrease from 60.3 GPa to 14.1 GPa
which increasing the N, gas flow rate.
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