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Research Title: Effect of Nitrogen Gas Flow Rate on Structure of Titanium Chromium
Nitride Thin Film Prepared by Reactive Sputtering from Mosaic Targets
Researcher: Assoc.Prof.Dr.Surasing Chaikun
Asst.Prof.Dr.Nirun Witit-anun

Department of Physics, Faculty of Sciences, Burapha University

Abstract

Titanium chromium nitride (TiCrN) thin films were deposited by reactive DC magnetron
sputtering method from mosaic target. The effect of the N, gas flow rate and the
substrate-to-target distance on the films’ structure was investigated. The as-deposited
films were characterized by XRD, AFM, EDS and FE-SEM. The results showed that, all
the as-deposited films were formed as a (Ti,Cr)N solid solution. The structure of the
as-deposited films varied with the N, gas flow rates and the substrate-to-target distances.
(1) In case of varied the N, gas flow rate, the crystal size of all plane were in the range of
41.4 - 69.6 nm. The lattice constants were in the range of 4.169 — 4.179 A. The thickness
decreased from 336 nm to 283nm with increasing the N, gas flow rate. The chemical
composition, Ti Cr and N contents, in the as-deposited films were varied with the N, gas
flow rate. The as-deposited films showed compact columnar and dense morphology as a
result of increasing the N, gas flow rate. (2) In case of varied the substrate-to-target
distances, the crystal size of all plane were in the range of 35.7 — 65.7 nm. The lattice
constants were in the range of 4.169 — 4.229 A. The thickness decreased from 500 nm
to 292nm with increasing the substrate-to-target distances The chemical composition, Ti
Cr and N contents, in the as-deposited films were varied with the substrate-to-target
distances. The as-deposited films showed compact columnar and dense morphology as a

result of increasing the substrate-to-target distances.

Keywords: thin film, titanium chromium nitride, mosaic target, N, gas flow rate,

substrate-to-target distances, DC reactive magnetron sputtering
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1. Msadeansiafeu (Source) Matlansiafauevegluguves veuds vaaumnad lo souia
] c& o - S o & w 1 = ao o g v - &
wiasiadeurazinsiadeuiiudnludeseglusuvesle daisn1sivinlansindounaneidule
sewganunsavlivaneds wu mslianuiounsenisseaudwineeunanindsnuas Jusu
2. mMIpdeudgansiaieuNndiiansessu (Transport) lunvagyyinialeseiievodans
A = dl' A ) £ LY 1Y = o A v =
inFeueRvziimaafeuniludunse ludiiansessu visevsndeunluludnuuvedva Fey
iliilesvimnevesansiadouiinissuiveynindunslunivugagyInia wenantilesvineaiae
o Al v o U [ @V v
waeunludriansessuludnuasvaanatauiils

<

3. nsagauneniyu (Deposition) iudunsunmsnennuresasindeusazlnduaunaisidy

¥ '
= LY A

FuraIilauu1uudanTeIiu tuneullaztuiuteuluvesiansesfunianisinufjisenvesans

WFeUUTaN 89U ANALeIATRINIIANTRITU naendunatunldlunsiaFey
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Chemical |

process | Fooomseossss—soses
Laser CVD

A9 2-1 Uszianvesnszuiunisiadeuiiduuisluadggyinia (Wasa & Hayakawa, 1992)
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nnswedeuilduundlugeyanie wuadu 2 ngu (Wasa & Hayakawa, 1992) (1wl 2-1) 8w

1. naedeufiduunsienszuiunisniaadl (Chemical  Process) lunsindeudiende
nsuanfvesansaiiluanmyssuiaudiinufseedinaneiduansivl (New Species) aniaday
VU7 5993U W 35 Plasma CVD uay 35 Laser CVD Jusiu

2. mIedeuilduunsienszuiun1snisidand (Physical Process) Wunisiadeudionds

n1svilvierneuvetasiAioungneenNAILAIensEenIeIud ludukardnfniuiives

[y

[ ! aq . aa a . [ £ 9
73033V 19U I05eimeans (Evaporation) wag Joatninese (Sputtering) Luau
lngnsiadouilaNUIMENTEUINNINTANdTWeAunsvilvierneuasinioungaaIngn

O v v % a a o ) 1 ) a s N I
m@qaqimqG]uu;ﬁ']ﬂﬂﬂig"\nEllﬂﬂﬁmﬁmjjaﬂiaﬁiilLLaTW@ﬂVMULUUGUU?JaQWﬁMUqQIUW@@ GHFMPIININ

v
a

Ionu 2 33ndng (Miwg dugnssa wazsian Shus, 2547; Wasa & Hayakawa, 1992) fig

<9

1. nswdeudedSseineans (Evaporation) Wuniswenyuvestuilduuisvesansnioud

° Y o a X ° v v a a ° v a =
Mlrszwmedainduluainia inlalaenistiainuseuiiuinneiazvinlraisiadeunateule

LR AE Y]

= A & [ YY) v aAa a [ a !
SZNVL@“UENﬁqiLﬂ’ﬁE]“U‘L!"i]S‘WQVL“LJﬂizﬂUﬂU?ﬂ@i@ﬂiUWNQ&mQNL‘Vill’]8ﬁllﬂ’=i]8m®ﬂ'ﬁﬂ’3“l.lLL‘LJ‘LJ“UENﬁ'ﬁ

q q
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I ) [ a s J 14 k4 I o v aa
Lﬂ’ﬁ@ULL@%W@ﬂ‘IQIJ‘UIG‘ILUU%U%@QW&MUWQW@VLU nshiauseulunisseineasiaaeuylaaneis

Aaa

wisniealduasligenmenislinnuiouninivusussgansadeumedsnisiiiiuenainidad
88U U nsliANToUAINFIAIUNIU (Resistive  Heating)  A195¥AMBUUUINULAY (Flash
Evaporation) n155¥iveseiawas (Laser Evaporation) n1sseinenisddidnnseu (Electron

Beam Evaporation) N1338t18918n15815A (Arc Evaporation) N15MiANNS0UAIEARUAILDINE

]

=

(Radio Frequency Heating) msiadeuilduunesmeisifedldindevansiadidnnsn (Dielectric)

wu wunfideslavigeslsd (MgF,) wie eenlud (Oxide) vedlavedilaudalusslauuingiideinis
&

ad a4

TR WY LaudNdeingIU WIumLaENIEANaes 1A dmiudeidsveinsiafeuTisiAewsEn

Ansgninansiafeukaringsesfuagliasineietodunssuiuniseumenuiounseisouyie

Tin1sEanizvedansinieufty wenaniliiduunsiilaenainisuuleuvasansildinisugussy
- v v = = 6 A Y o -

aswndeuls fMavurusIIEsndeulyavaeumalivIelndifgiuasndeu

2. nswndaumeisatames (Sputtering) Wuniswennuvestuilauusvesasiadouila

v v
N a <

INNTLUIUNTAUMNDTI N15LAFDUMILITULNNTULLDDLABUVBIASARBUNLAANNNTEUIUNNS

[

alawesdadrvuiansesfunaziinisnanyuduilduuisluiian nszurunisalamesa fe n1sih

Y
Iarnaungaaniivesianlaenisvureseumanasuglaeinmsuaniudsundsnuuagluuudy
sgrinteunaiudvuivesneunilasinieu Wesnlessunlnainnsyuiumsalanesaay
LAABUTIAIEAINSIEINTTIBNITTENEAITUIN AITULIIOZAON VBIAIATOUINTINTENULHL TAR

v

sessunagilesuduatluliaingiidenisiadaunnnnitisssmeans Auiuniswndeudieisatnme

39 agvihlinsdainieseninasiafeuiuiansesiusinia



2.2 nsnafiaWaNuIN

nafefiduunnssuunsadeuliduuiduanainia Chapman (1980) l¢asunglised
Seansindeunnuvasiuiaasindouindeufiinieiansesiu asindeuiinsenuiatagsesiudiu
Tnajazegluguvesernouvioluiana (nmil 2-2 (a) Tnendsuiiusy (Bonding Energy) 5eing
azaoNvaIsindauiuiansosfunaraungivesiansesiu azniludidivuaauaiunsaluy
N15uns (Diffusion) VedaNILARRUUURITANTBITY BERaLYRaNsATaUILANNTENURYIAnTRIsUlY
fumsfiSonindumisnisgadu (Adsorption Site) silARNTIMZARTTeiTINGsaLanANed

[y

a1anselanduiuneandinuludusnaneginiursevansenandwiaiuly (0 me 2-2 (b))
Tut9a M I0 2 ONAN AR DU ALAANITILUENAULAZLAANITTINAIAUTE NI 190 AONTRNITLINS
1% [ = A v W a Id 1 a = = a
AIBNU LUDDEADNYDIANTAGOUTINAINUDIANALTUBZADNA (NN 2-2 () FIUAIULENYT
WINNTNBEABILAYY (Single Atom) Fan135INAINUYEtEEABNTUILIURYTUANUNUILULYDY
= Y 2 .. ] o W a = v I3
DLABUAYIUALEINTLATOU (Deposition Rate) aymeufp1ITINFIRUBERBUAYIDULAINA8L T
amozaau (Triplets) %30 @oznon (Quadruplets) WIdU 9 anwazuillzoni1 @n1Izn15LAA
Tuedga (il 2-2 (d) inlvildnguesneuiaades (Quasi-Stable Islands) 3nTungduornauay
SulaTwisenin nstadunguiou (sland Growth) swinvenguezaeuazlngdu laefisiuiu
amouIfAL visaiuTudnten (Nl 2-2 (e) way 22 (N) Nslavenguesnauiliiniuies
JunsEtveUTBIAaznatazaeNsuiy Send1 nsyudulufeuvesnguesnen (Agglomeration
139 Coalescense) (N7 2-2 (g)) 31NA1TANWINIBLINALA Transmission Electron Microscopy
(TEM)  nuwasiinguaspeuswiuluiousznauaziingfinssundrevennas  (Liquid-Like
Behaviour) Laziin153niseerienislultanadnine (Crystallographic Orientation) 78 A1ITINAY
& v ' a &£ o A W ! oA a ~ o
WUNDUYDINGUDEADUILLAATUIUNTTVNYDUABAUDLNABDIUBY (NN 2-2 (h)) N1TLTBURDNY
atwratlosaziintulnegsauysalilleflduinnuvuilaeadeussuias 0.04 - 0.05 pm dnuaie
Aivesilduuiaziianssunguesneuvzgaaeduiazuien  iefiansannisiiailauly
A & 1 { [ { =2 N Gl 1 =2 oA " =
annelungueznay (Island) nuineadunguuenanifgInTenguveInanaAnIauINnIIl &
nauezmeumadIznnndeuatuuTansaasuiduiagvalendn irnien1sdasessa (Orientation)
TosusaNaNeynaNtuIsilukuudy (Random) vililanduuenilassasradunatendnie uwe
1% 1 1 gj A [ o a < = d' v A % a d a o 3
anguernalvaItUnNAFeUULTAR TS UNITUNENAY MsTaseeivesiidunslianyasily

=~ o = a a s =~ a - a = .
NANLAYD WAZLIEINATINANANLUUNANALIUTLLANUIN LBNLNNDY (Ep|taxy)



ARl mazmmmamamaa%’uﬁwé’mmwmwa prAEUMETIULY maaumwmaaﬂmlﬂasﬂu
FumlsTiingsnusniae wianuanunsalunisiedsudl (Mobil ity) U949£00UL Wiy &

Y (% Yaa =

pumgfifiiaTansesiugstu uenaninsandnsnadoudiannsatielinsTnvessdnifnldib ey
wszezaauinatunislaunwe Aeiuiaumgivesianseiuauarionsuadounaglafdund
vunveunsulngtu dveunnseslunsutovasiazlafauidanunuiuinwednsunsitounany

agvauysal Tunenduiuingamgiitansessuiundnsndeugeiagiinadnuaeifeaiu

{a) Single Atom Arrives (e} Growth

islands
Growing

Substrate

{b) Migration Re-evaporation (f) Island Shape
o ° Cross-Section
/ 1stands
O—Q \b/ \
(@) N NSNS
Substrate

{c} Collision & Combination

of Single Atoms (g) Coalescence
{d}) Nucleation (h) Continuity

“acoms
/ @

Al 2-2 nnsnelRefiduune (Chapman, 1980)



2.3 nsAdauRANUINAeTTAUALAD3Y
nsndsusieifalamesadunisnenyuvesaisiadeuainnszurunsalames lnans
\ndeuintudlossneuvesmaindeuiildnnnszuaumsadameiadmuiansossuuaznenyuln
Juilduuns nszviunsalameifenisvilieznoungnainiavesianlnen1svureounin
wEanugaudiiimsuanidsundanuuarluudusenineynaiatvuivessesiiiiansiadey
Tagoynmaidivuiingdsaigs ﬁqﬁmﬁaazmammmsmﬁaﬁqmwm’J’a@iaQ%’U%ﬂqaﬁuLﬁfai’mq
yhlsinsBainiziunn (fiwug Auanssn uas sifan Saug, 2547; Chapman, 1980)
defnthvesTaggnszaudsfseyniandsnugeasyiliiAnnisdnnieuuaziioyniai
ﬂwﬁwaai’a@ﬁ?wqmm ileannsrureseynANdsugfuaynAiiani Usingnnsaid
oymaRvtYaguaneenuiifendt alawes (Sputter) vidoalanes (Sputtering) n3uIuNs
ai’]mL@@%@ﬁgﬂﬁuwm%mmﬁa 100 ni1U7iRIuElae grove Faluvazduatnnesaiu
nszuuMsTIIAARAudsefuaInauaznialuvasnfav1sauatag Tuiimsisnussgndld
9819NI1991199 U AIVIANEYIRRINTY (Surface Cleaning) n3fialIg (Etching) A5ALATIZYA
%guﬂ’mﬁ’maﬁaq (Surface Layer Analysis) kagn1stAaauiauung
dwsunpndesduieiunssuiunsalamess ((wd 2-3) eSuielésd
1. Sunsisenseuindlessuuasinthansiedeu Welswuimihianasfausngnisaidal
1.1 msasvieuiiiavtivedlessy (Reflected lon and Neutral) lesaustaagsioundu
mﬂﬁ’mﬁwgﬁqéauimyj%ﬁzﬁauaafmﬂugﬂsuENEJwamﬁﬂunawmﬂﬂﬂqé’mﬁmmﬂmiimﬁ’aﬁu
Silnnseuifathansindey
1.2 miﬂa@ﬂéas%tﬁﬂmaumﬁam (Secondary Electron Emission) 97010135 UY84
lovsuanaviliianisUanUdesdidnmseurpiiesanitharsiadeudlossutiuiindnugme
1.3 nsileinveslessu (lon Implantation) lopouievuihasindeuiueatisias
Tuansindeu Tnsanudnvesnisiaiasulsiulaenssiundanuloseu Jafidn 10 Ssansow/
wasuleaau 1 kev dnsulossuvasufiaorneuilulunauns
14 mswdsulassadievesionindiaisiadeu (Tareet  Material  Structural
Rearrangements) N153uteslensuuuitasindeurhliminnisdesiivetesnouiifiiasadeu
Tnlnasiinauunnsosesdn (Lattice Defect) InenSannisdadludveslassasafaviiin
Altered Surface Layer
15 nsatdained (Sputter) n1svuveslossusitavinliifinnszuiunisounu
wuudeiasseninseznonvenddurliiAinnisuanudesezneuainitiaisiadeudaiendn

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 23 Sunsisenseninglessuiuiyian (Chapman, 1980)

2. nszUIUNIsalnmesy Lﬁuﬂizmumiﬁawauﬁmﬂwaa’J’aqgﬂﬁﬂﬁmmaaﬂmé’w
N3UVBIBUNIANG1UES Ingdnsuanildeundsnuuazluuuduseniteuniaiiadiguiu
Aa o Y] ' & Ao v ] A a MYy & a o
avnauNNITanRIna nsvvauMstiounmaiiadivuaradunaramalnivieliusegilanaiuad
o [~ a =
Fndulunszurunsatlnmese Ao
a ° v A & v o a v P '
2.1 hansedeu viwihidudieunandenuadiadiyuauinsUanUdesesnou
YBIASLAROUANARBUUUTARNTBISY
2.2 auAIANFIUgs Fasguidiansiaieu uadvinlverseuvauliansiadeunaa
a [ equ I3 | a = 1
gany1 Unfisunmandsnugelenadunatamslii wu dinseu visesznauvassneing 9 lagnis
wileosuvaidluauulnindueynimiwuihasedouddidnsnisvanvaeadasindeu
guileaneiuaUABINIg
23 NMINERBUMIANEINUES dunanaeugslussuvalamnesliagraegnuianiu
pg19MBLaY LalinszuIUNSARRULNATULA 98195 BLTRIU P A UM TALUIAINADINTS F99N
P a | Yo A A a a o 2
lonangds wu lddeyninntulessunivsuiunisninlossuludnsngs nieainnssuIunis
Inadfawsa Wesntulessulisareudisauazlilessuluiuiiuay nszuiunsalnmness

mlUluszAvenamnssudefoaldnszuiunisinaifansalunisuineuniand g



2.4 szuuARauLUUAYalnneT
JEUULATRURULATATMADTY 981991 uandlans N 2-5 (Mwg AuadIssal wazsian,
$wug, 2547; Bunshah, 1994; Smith, 1995) Usenaumeniing Ae wiwdiaisiadeuuazoilun

[

afeianTesunIaTuuifeInIsiAdeu Unfsgreiudseana 4 cm - 10 cm LiteUesiu

o)y

pouaNsIAR o UNNTIYRIN B UEaINA Nalllaeiiluudissesaiaay agsening

ee

nsgeyLdee
1 cm - 4 cm lagonlunagegusiasuniiinlngs diugunsalvinauazeglutisieuuesuealngds
favide whailiiduufadesddlidadguagliviiufnienduansindeu (Undldufaeninew) vae
Aelndafawsa nsrurunislessluwiuazinwanmindifanfalinsuiissezaninaalsiin
nisgeysevinalvanazelun Wenruduanamdoussiuluihszuindidnlnngaly svox
Uannn1sruresdidnaseuargetu vilviszerainavvenefoonuazunassdnlessulusyuud
Usunstesnszuaanasuazezneniignadainesiivininanasminuiuiaveessuuas
nszualyliluszuy fauduiindt 107 mbar szogadnaivazeninszezszninedidnlngg
waznszudlniianasgaud vilinssuiunsnanlossuduanawuarbiflernoungaoonainitians

2 4' s
Lﬂa@ULu@ﬂﬁ]Wﬂﬂqiﬁ{]Wmai@ﬂ

L INERT GAS
TARGET () E]i
] il
ofS \ ®
PLASMA | () o ©,
O POWER
200000000 SUPPLY
SUBSTRATE
£
—;— VACUUM
— CHAMBER
VACUUM AT PARTIAL
PUMP VACUUM

A9 2-4 laaglnIuveAIBnfougy L INALUUATaTnN BT
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NON- MAGNE TRON SPUT TERING

TYPICAL
SPUTTERING

1.0

RELATIVE 109
DEPOSITION RATE
160 BASED ON CURVES

ALB

40.8

u
<
o
B
Ll
g
“r o7 &
X o
12} Jos
Tooop {os g
E e g
g W T foa 2
o 60} Jos =
> S £
- N\ ~ L |

dc .._,Alscnm.{cunnmr B 0.2 {;::
i -7 PLANAR DIODE AT e |

2 / 3000 v . 0.1

1) P YIRS SHNSPVUNN RV UUUF VOU WANPUUSY T ST SUPUS VAU SUUPU ||
0 20 40 60 80 100 120 140 160 180 200
ARGON PRESSURE (mTorr)

a o aa W a a6
NN 2-5 NaveInufUlusTuUNTNanednsIAReU Adanwaznsewa iy
szuvatmesavesinanidussnulnin 3,000 V 5e11199781801059

fineieiu 4.5 cm (Vossen & Kerns, 1978)

o . . y - - o a X
YULNAUANGITUTTEEASAALUYITNAFUAIUTIINN1THAR LR R Ul USUINTaITY
nszualilihnlnalneasiisdusaznszuiunisadawmesaintuludnsawuaiudy dsuanddy
‘:{I 174 Ql' o r.g 1 & a1
A9 2-5 1NN A vassianudunglussuuausseryasnnisvuseninduanaveuiaien

anas eznauansindeuaneenaniazdeiuadeuuuigasessulaginainnmisvuiuluiana

= Y o

vodufauazazvoundugitharsinfeunieguydugnianivusgyyiniailiAvesdanainnis

13

el 1 Lol % ‘:9; (% PN 4 | IS
alamoiiiAnanas LL@LN@@UWN@UQQ‘UU AININN 2-5 L@UNTIN B WATINIEWINUAALASNTLILE

o Y A a0 = v ! = g.JI r.:qu ! fa a A
VLEJEJEJ‘LJ"\]%‘VI’]I‘MEJG]TWfﬂ5LﬂﬁEJ‘UlIﬂ’W%;NE,j@‘l/lﬁ’)’]ll@‘LJ@’WIL!\WNUW‘U']’mqiﬂ{]G]L@@iumﬁLll 14

Q

D.

el 3,000 V sewineididninsniinneieiuy 4.5 cm Tuwfidensneu niswmdeuazvgn

S

U 1 QI 1 '4 i o 1 '5 %
ANUAULAININTT 2.6x10  mbar kagfiAuRUEINdT 1.6x10° mbar lagdnsiadeudziiAiasan
waranaulonduiuaniuall dsiuusulnirauiunssuiunsaldamesaneusiaunli
) a a a A A a ' Y ° ) A
995 ATOUMATUTEANSANATIEN NN 2-10 nuTANURUTINEEaNdIMTUNITIAT BY
-5 ' 2 v ) Lo
A 1.0x10 mbar AMNRUILULATERAUIELNM 1.0 MA/ cm” A8eRslAdaU 0.036 pm/ min &9

Aoudemluragldussiulnireutiaas (Miwwy Augiss wavstann Saus, 2547)
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= aa = a
2.5 3TUUAABULUUATHUNLATaUAUALADIY
gnsnsiinalawesaluazluiunagusenindantazUsunalossumsyudiansiniou
AaunIsinan N salawesiuueniainagilalaenisiiugadudidainlalaenisiiuysunn

leauMadnvuiansiaiau Feluszuvndatsnwess UnAuu Mlaiesnisiiuwsaaulninsewning

ISP o w

a 4 o a o = ' 2
Bianlasn wiotiuANA F99liTadningsgail Aumruwiunszialszana 1 mA/ cm’ uae

o

) -5 = ! aa a o & A
ANMUAUUTEUN 1.33 x10 ~ mbar uananu QW‘U’J']I’U?%‘U‘U G IRER V]')VLU@M;]QJJGU@QLLﬂaW

1 v A Y =

uiinnistesludiAtosndn 1% wennildulitededionnudugeuasyinlilsunauianunsn

I [

mluilauueilaliangeine (wwy Auadssa wagstann Swug, 2547)

Y

Aoandinisimunssuulmifie seuudd windnseu alawese (avg AuaiIssas wagsian
$wuz, 2547; Bunshan, 1994; Smith, 1995) Fadumsldauuusdinandae lnednauiuwivanti
aNa v a v A Aa o Y =t ' - a
fnevurudvasmindiaisindeunazdfimdsainduauinlni e dreiinssoeniuiuees
a g 1% = ° oa o § va & = g % -
didinaseulienvu lngdrunavesauiuwimanagyilvididnaseuwndoudunielas (1w 2-6)

o § v ¢ I aa ) o A a X = o g Vo
V]'ﬂvm']ilaaaiu"?ﬂu@ﬂ'ﬁ]’]ﬂﬂqisﬁ‘Uig'ﬂrﬁﬂaLaﬂmiﬂuﬂ‘Uagfﬂ@llLLﬂaLaaEJ@J?]WQQ?JU%Q?]%VIWIW@W?’]ﬂqi

=
alnimesgstiunie
Magnetic : § ¢}
Electron Field Lines MAGNLTIC FIELD o0
! UPWARDS o
@ - o ELECTRON
o UNDERGOES
a cowsion
Target
Material
o)
b
c
Outer C_ MAGNETICHInD MAGH
ETCE
Magnet Ring © urviaros m-\'uumsmD
. l o |
. T
TxT
E R
TWCIRoN r
Tx§
STAKTING .
ATREST omFY
d e

Inner

Magnet

PN = ‘:4' a q' ‘:4' PN |
M9 2-6 MaadaunveteunIABanasouly 1A 2-7 NSAERUTIVEIOYNIATUANINRNY
AuNULman (Bunshah, 1994) 8 a, b, c Wunsimaeuiives
Usggluawuudndnognaied
1 I A PN
a1 d waz e Wumsindeunives
[l [

aunaUszgluauuulndnuiay
auwlwihsuiuludneauzenge
(Bunshah, 1994)
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NI91NN15ANEINITIAADUNVDIBLANATo Ul UALNLLULMAN WUIB1BLEANATIUL AN

(%

nswAdeudisiaIniuauuwlngn dnsnavesauwuulanazyilieuniauszqiundeudiiuiug

v

2Nay (N1WA 2-7 (@) feSAdl

3.37VW
B

= (2-2)
) W Aendsnuvesdianasauluniiy eV

B deanuduawiuuimianlumiie gauss viyusiemudltlaansou

V = 2.8x10° Hz

14 [ N a « o [y 1 < a1 1 [
andnuedevedianaseuluiuisminduauuudivdnidl 10 eV wazauiuusiivén
i Y o i o 1Y i o 8
1AM 100 gauss SAHMsvyudAwiIAY 0.1 cm MeANUdnITyUWiAY 2.8x10° Hz
= a = 2 =% Y 8 aa = =
A9 2-7 (b) wanaBianaseulausd@umidduiusuuivauuulmvandidnaseuazia doud
MYUANTOULIAUILLLENTET WL ULSIAA nTlss s i lidBidnmseuruiuoznouwia
a o3 a Y a 44' =
AR 27 (O W suguAesevauNkimanaziudeuly ddidnaseuadounnigly
auunidnuazauulwihdsdifianisdainiu srunrvesauinisaaiuonaind silidianasou
d‘ =t Y v o o § ¥ a :1' = I Y &
wasunlukwilAa @ saviAAan sindeuntussmInivauuwvaniagaud i

a0

= ' A - o . . Y
13UNINNITAABUNUUABELABY (Drift motion) AN

10°E
Ve = 5 (2-3)

\ilo E Araunulniimedu v/ cm

B Aeanuiduauuwlinaniuniig gauss

nsdlauy Wi S saasia1Ussanas 1,000 V/ cm kavauidwdaniaussuna
100 gauss liAAEIsesdeu (Drift Velodity) Wiy 107 m/ s %uﬂumﬁ@iauﬁi’m@qmzﬁ
nFrusuduresdidnasoulianfesiofieuiundinuiildSuainauuliia nsiedeudives
Sidnnseuazidugy Cycloid fanwil 2-7 (d) ddidnaseuiingdsnuEuduganimdsnuildiuan
awliih nsideuiiwuuaseide %agﬂmmrmam%’auﬁ’uﬁqLLamﬂumwﬁ 2-7 () wAnsaudi
Usngredidnaseutiaziaudaunn feusheldauuniviniatos q sewite 50 - 500 gauss

wifinalunisidosuuiuimadureslossu @duaganiBidnaseunin) eg1dliiudn

13



sruvatamesnldauItwmanadierinUsuialeoautiu arauuwimanifaniavuiun
auulniinsendt auiumues (Longitudinal Field) ililssansainnisiiinlessuldasdnulyl
Mlrunisiinlndifavnsaasuluvazdiaunsasneimnuadauavasiauualilas nsaives

auuwlwandandvauslniiEend auuaiuvang (Transverse Field) NTzUUNTTIRLUTIN

[
=

lovouintuisindsnnitlosuuanvufuithasiadouussinnsvanudesdidnnsouraiiaes
oanin Bldnmseugaiiassziadouiinunind 2-7 (d) vilvBiannseugninluuinaauuusivan
Tnamlnauazpdeufinuvassidounuuunimsivesming (i 2-8) vlvdidnaseuillona
yuiuluanauauinuimiihasedovsntuaudnuinsilossugannlndiuthasadey
Sidnnseuitliivulinanavesufasziiumaduiddndrvudarsiadounasnandidnnseuyndiaes
1NTY Junalilessugnudnlutiunnaguazinalndiaaive ibiinaiUegsaanlessuuings
Finaing dsduninszezUasnniseu lu 73 aﬂmma%aﬁmmé’uqﬂ usamdoulitieuiimunay
mﬂm'am‘%nmﬁuazﬁmamﬂw%qﬂﬂdw‘%wmm%ﬂaL‘Uezﬂu 7% atlmmese vauglifiauuusiwén
unildrudesnsussuliiiseninsdtsidninsavesssuununinseuallnmess anasilul
AUsEanal 300 - 800 V inlFauuudimdniusuninseunsanszuanazisenin wuninseualnime
Sansanszuen (Cylindrical Magetron Sputtering) wardidauuuimaniuseuuad adlame3aild

Whnvusiusvaziiendt warunsiuninseuatninese (Planar Magnetron Sputtering)

Area of Magnetic
Magnet Poles Erosion Field Lines

Hopping
Electrons

AN 2-8 ﬂ']'ﬁﬁﬂﬂﬂ’]iJLLliLﬁﬁﬂLLagLLU'Jﬂ’]iﬁﬂﬂilE]usllE]\‘iLﬂ’]ﬂ’]'ﬁLﬂﬁ@UiUi%UUWﬁ’m']%

wuniingou atdawess (Chapman, 1980)
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2.6 MuRReMnetes

Aouadi et al. (2004) indeuRduurslmndenlasdlonlulasaiiilaseadmdnsedvunly
M85 lon Beam Assist Deposition vuanauwazinannailsaduwuulimnuieuseninaunieu
winfu 150 waz 400 °C mnutuduvedlmmieuuarlasflosluiiduunssonsmuaudngnig
sumglunszuaumsiedou antuihildufilsludnulasadiomdn ssiussnaumandl daudinig
uakazantAlienaniewaila X-ray Diffraction, X-ray Photoelectron  Spectroscopy,
Spectroscopic Ellipsometry, Nanoindentation tag Wear WuiwﬂémmﬂﬁLﬂﬁauﬁqmugﬁmﬁu
150 “C \Anifu Solid Solution luvaigiigamaiiviiiy 400 “C iunuuunluaeulndn 91nnsin
A1ATINILassaemATia Spectroscopic  Ellipsometry  Wuin peAUsTNaUSInLasLNall
auduRuslaensatuaAinuasiiald dmsuanuudsiiinainmedia Nanoindentation fif
AdugiussusEnouswluiiduu Tnefiduursiiuuuuulunonindnazudaiiandaiinnuuds
Windu 30 GPa  uaz Awegdadanguiviniu 300  GPa ludiuautidulasluladwuinile
¥n1s@neIse Ball-On-Disk Tribometer vuilduunsiiliindeuuumdnndiliadueiia 440 C lny

a

14 load Wiy 50 N $1uau 1.5 ruads fenrusiseudu 180 rpm Hduusilndeuignmyd
geazlilinseednnse

Uglov et al. (2008) vnsiaaeuilauuislnmflealasifionlulnsanieds alnda o1sa Tu
vssenevasiulasiauneniuldlessuredansseandeludiiansessulussnininisindaulue
Tnglunsindevagldnisuaunataunfididuduieg fureslnnienwazlasnden 1nnsmeass
nuesAUsENaUTRIs Az Tiinaznszaed Ut fiduue Feuansliiduinfiduuneding
Tpssadrandnuuu Solid Solution iiiesagnaiien uaw solid solution waufulAseasns TIN vieil
asfUsznauveIsguaresilsznovvenaluiiduuisesiinnuaioseuds 800 °C ludiuves
paungiluniseuseugstiudsnalasnssionndundnlunszuunis Solid Solution taevtiliin
Tnssadawdn CN - wae FeCr wenanidanuinnisdndesslndvedasdlonlufiduunsdanalsd
Amsiiuamiialulnssasandniiiuty

Vishnyakov et al. (2006) vinnsiadeuilanunslnsdeulasdeululasrasuuddnounie
33n1slddlensutis anduihiiduunsiimdeuldlufinundnvazionsdeomeadn  Rutherford
Backscattering Spectroscopy, X-ray Diffraction, X-ray Photoelectron Spectroscopy
(XPS),Cross-sectional  Transmission Electron Microscopy Wag Nanoindentation Testing
ANUAIAY mmm‘i%’awudﬂémmﬁLﬂﬁ@ﬂié’ﬁiﬂiqa%’wa&ﬂugULLUULﬁmﬁ’u TiN s2UU (111) wuy
FCC namsaasngsinnmaia XPS wuileenauegluilduudiuiudnies wonanEgmUin
AuLdaiuiiauduiusivesruseneuvessgluilduune Tneanuudell Aasansiniu 30 GPa

defiuSinasalnimilenwindu 15 % lasdeuwiniu 35 % Jsanngiiinuwlsedaniioninnis
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nszaNBfawsNI5LAn Dislocation TIEndsmuge uenninuitasislassads CoN iaue (e
Uinaessenlulasiautios Tnemsldanlosutaslunsifivezpenlulpsiautiuiliae cm

Samapisut, Tipparach, Heness, and McCredie (2012) lavinnisiadeuilauuislnmiles
lasudlenlulasduuy Multilayer  dme3saguuntinseualameiawuug (Dual DC  Magnetron
Mputtering) asuunszanalas Inevnsinvinaveaioulslunisiedeuiie maslnihilisum
wininseuveadharsindoulnmisunazlasdlon Sniidnslnauialulnsiou Allednvaems
HANINgMarlATIATIRanIA vasanedeuilauuatluAnwianvaganizaewmealin XRD
way FE-SEM mud1su aneanisnaassnuinilduunsillaseasiadndunuumdauasiivana
403 TigCrosN Fafienpsiivaniiva = b = ¢ = 4.238 A uazilassadrawdndu TiCrN, Aaadi
wanfiv a = b = c = 4.1835 A Wawdeulagldmdsluihdudhasedeulnmieuuaziasdloy
AUEAU druravesdnsInsianialulasaunuiniiduunsiilaseadedndunuuesinseudnitn
Weglulassaiamdnvosilduuns Inefidnaiiuaniio a = 2.962 A b = 4.130 A uaz ¢ = 2.875 A
dnsulassadeganiavesiiduutstuliiuunnsulszain 100 - 200 nm uazATIVLITETIAY
V9wUU Multilayer fiusznausieduiiduuns Cr, CrN uaz TICN SdnUszanas 1 um, 0.5 um uaz
2 um AUAINY

Paksunchai, Denchitcharoen, Chaiyakun, and Limsuwan (2012) TamAauldauUs
Tmmdoulasidlonlulase (Ti, ,CrIN AfesAusznovvessiguandieiu Tngviinisudsan
nszudlalihilituidlesdondus 04 - 1.0 A asuutansesiu fie Faneusvuu (100) uas
nszandlanmomaiiasueadnsuuiauduuniinseulaatnness lnglufinslimnuiounasdng
luweauiansesiuluseninemaadeu ieAnwiwaveanseualiiilsifuitarsadeuiidne
Tassadandnuardnuasiiufieiiduuns lunsedouiiduusuutagsessuadditharnaieu
Tnmdsuuarinsdeuneliannsussenauiaerineuuarlulnsiau ndsanduiilduunsd
waeulsluFnwlasadawdndiemain XRD Snvaziuinuasnndavnsdnedemada AFM
way FE-SEM anudndfu uenaniiinsigsiesdusenousigluiiduunadewmaia EDS 99n1smaaes
wumanuIninuiuy Solid Solution Ineilassastandniduuuy fcc NaCl uasU3unasie
Tasdlon () feglufiduiidnfinduan 0.6 18u 081 Wafunszualwib dlvsuthasadeu
YPUIPHENTIAIUININAUNTVDS Scherrer fAnlagUszanaegsening 12 -13 nm ninaila AFM
wansliidn dediunszudluihilafudlasdlon amnumenviafidndistuain 3 nm du 7 nm @
doARADITUAUMINTIAINTURIN 400 nm 1y 900 nm wenand AAdavIvETldLUTLERTlE

WIlATIas 199 lauTin1 TR LU UA RSN S
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UNA 3

aUnInlkazIsn15nAasg

=

3.1 Jaquasiaasile
wdesdlolunuddoiutadu 3 dwde feil
1. maessufauuislnmdenlasdoululase (TICrN)
1.1 Lﬂ%"aﬂmﬁauqzyﬁmmﬂ Wussuumdeuuuuiwerdivaduuninsoualnneds
1.2 Jandldlunsvaaes
1.2.1 wWhanswadeou (Target) vialuianveslnidlou (Ti) wag Iasideu (Cr)
1.2.2 Tan5995U (Substrate) Usgnause nszandlas Faneu
1.2.3 uid (Gas) Usgnaumenia 2 1infe
- LLﬁ”am%ﬂaummﬁqm‘é 99.999%
- ufdlulpsiauananigns 99.995%

2. MATIETanEsnIzYaiauusidenlasdenlulase

2.1 X-Ray Diffractrometer Anwlassaieudn 1Hiadea X-Ray Diffractrometer (XRD),

Bruker yu D8

2.2 Atomic Force Microscope Anwdnwalgiiuia 19ia3as Atomic Force Microscope

(AFM), Park systems EX 100

2.3 Scanning Electron Microscopy ﬁﬂm‘[maa%’mf\;amﬂ ANUUT LAZAIARAYINY

SLGE’fLﬂ%iEN Field Emission Scanning Electron Microscopy (FE- SEM), Hitachi, S-4700

2.4 Energy Dispersive X-ray Spectroscopy ﬁﬂma\‘iﬁﬂ‘izﬂaumaﬂﬁm%aQﬂém

14 1303 Energy Dispersive X-ray Spectroscope (EDS) %83 EDAX G‘z?q@iavdaqaguiﬁ’umé’aqaawaiﬁﬁ

WUUERINTIA ¥ LEO Ju1450VP
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3.2 iespundaulduUssEULSURRRNATaTnINESs
fduundluanideiinionnnieiouadoussuuiduuniaseuadameds (nnil 3-1) e
wedesuenfnlatinmeds daulsznevtenniouedoulumuideiivssneulde 2 dudsd

1. PUUENAINIA: YBUARBUNTINTEUBNYUIAEUHIAUENA1Y 31.0 cm ANEY 31.0 cm
sTUULARsgUaRIMAUTENEUME tA3BsguLuULIslauaziindesgunalsnsiduiniesguiine
TPANUAUAIENIRTIAANGY PFEIFFER Usenausigdiuuaninaiu TPG262 uaviinginndnueiu
wilm Compact Full Range Gauage 3u PKR251

2. sruuadeu: \uuuniinsoualve suaduriugudnans 50 cm faduthanedeu
wuuluanvashimidenuaslaslon (1wl 3-2) suisanudeuseth weumedielnfiusgs
nszwanse maadeuldufiaensnen (99.999%) Wuuiaalawmes uazufalulasiau (99.999%)

Juuialfisen Tnemuaunisaeuiiane Mass Flow Controller 489 MKS type247D

Unbalanced Magnetron
Cathode

Cathode Shield\

~.

Motor l

to vacuum pump system

en' o 44' & a a awv
29 3-1 leesunsuuasdnvasvenasenafoulugyainassuvalawmesimldlumnuide

Maximum Erosion Zone

Normal Target Mosaic Target

cl' o & = =~
AN 3-2 aﬂ‘b‘mgm@ﬂLﬂ']a'ﬁLﬂa@'ULL‘U'UIﬂJLaﬂcﬂﬁﬂlﬂLWLUU@JLL@%I?‘W?LNU@J
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3.3 nsaauiauuelnmiaulasiioululanse

[ (%
a =

nsimdeuilanlusuided d9easdennci unaedeliinseuansagnindadiiussuy

wisulassadndlniihaudniutininawazsedndluihuiniunivusgyayinia Whaisiadeu

[ ¥
v a =

Ansiitaming wazsefussuuiduiioszuismudouiiietunsalnnesvedlossuansned
vinafntiihanaiedou dutansesiugnisuuuriusesiuiifaduuuriunsiiansondeud
Fuasld uargunal Control Unit fifeusefiu Mass Flow Controller (MFC) Tifsdunisviney
voanTesmunNnsUdesuiaetvaziden lemuaudnsnisivavesufaiinouuarlulnsiaud
Wngnwugagaina aea1dnsinisivaveswiaiimiieu Standard Cubic Centimeter per
Minute at STP (sccm)

dmsudunelunsiedeuiiduunsmndenlasdlonlulased 3 Tuneudadneasidondil

1. msa¥eannizaania : Buanin¥ansesdu (substrage) wioTunuiidesnisiadou
dhiteandou Tnensuuuiundunuisannsaiussesvinsesiagsesiuliisnutiiians
waou (doy) lamumenis Lﬁlau%’mma%m%swdwi’a@iaq%’uLLazL‘i’hmimﬁau antiundunis
aivanzgInIAlag aneusuneluiessdouldldmusuiiu () Wity 5x10° mbar

2. mswdeuiiduune ¢ fuilifunsedeutununuiideintsamendinisianuarenn
wiinlaens pre-sputtering wd taBuaInnsinewiaedneunazuialulasiaudenaiou
dievinsiadou  Tuduiimindesnismuauanufusiuenzedou (P) anwnsnilalaenisusu
NdrayyInAgveadsadeuiieifiuvieansniinisgurenaiesgy Welrldauiuniy

v ao Y i v -3 & = I &
foen1s (UnAfunualiiviniu 5x10° mbar) Mntuddglniussgenssuansadiuiailneis 2 4o

[
v oA o

WiBES19 @15LAARUANNNTLUIUNNSINAIRANSY (Trumasdallaes Tullanunsaniruaniaatninnly

&l

IS

TunszuaumsiedeulasnsudsAinszuanienusitsdnglulihiiselsiuinlng Feaunsaniuau
szl lvasit visedndlninlvmadiflausiuieulalun1smeass) Wennussdndluiindidne
T lnanaznszuaninaiialalidsundas Fasumsadevilduuis Inodadnnesidanin
\hansindeusen iledunszuiunmandouiiduasuuiansesiu woutuiindinszualilih ()
AdnSladh (V) wazAiaudusiy (P vaiziAdeU ndASAUASTUILANTIAS e TSR
szezIainvue (t) Ununasanglniusgeanseuans Yamsewianldindouudivaeseinie

WnwurayyINa Lo Tansesiuaan

(% [
v A

3. A1FIATIZUNANUIND9AY « Tuilidun15U1TUIUNLARDULA198NAINLASDILARDY
Y a Y] =~ A A A P o | a ¢ A o
LAINANTUNBNBULNIINEN LAz AYRINduTAFaulasIanUanaudsluIas1ziie finen

) y A i
anwuzlanIzauuY fely
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3

3.4 nsaeszinanurslnmdenlasdevlulase
nMsieeiidulumasedidunsinudnvasiamevedlduunmdenlasdlonlulase
fiagould Usznaude nvaemenionin Tassadiendn anumun Snuneiiui lassaiqania
uarvessUsznavsaaadl dediseasBeniisal
1. MsAnwlAseEs1awEn
1.1 mheneilassadednvediduunslmndeslasdioululase lnsufidufiedou

VULHUBANDUTUY 11YNSILAS1EAReLASed X-Ray Diffractrometer lienlaseas1andnvasilay

vslnmdenlasdenlulasaiintu Ineagld Cuk, (Juunasiuiasediond lu Mode Low
° 1y} I | O O o Ao v Y 1 3 o
Angle Mviun yuineglugie 207 - 80 ~ anasuninlavzduiinegluguuuunsidesuusediend
= ~ | A o ! P ) Yy a A

Wiguiigy ey 20 Ndunisnnudugeaaiuinnsgiugnedavasuily JCPDS Lienguluy
TAsaas1awan vasduuaimasulaneld

1.2 nMsyvunananvasilduuralmmidenlesdonlulass  dmsunismauiananves
Hauualmnideulasfledlulasd mldanguuvunisidervuidiendvesiiuuisniadeulaain
LS89 X-Ray Diffractrometer lagldaun1sves Seherrer

1.3 mameasfikanfigvediduudnnideulasdionlulasd mainguuuunsdeiiuy
SedendvaslauilindoulaainiaSes X-Ray Diffractrometer lagld@unis n1snseeer1asening

= A6 Alar v fa A
SEUNUNANVRINANNTLASIE@S 19U U UL A A TA
2. NMsANYIASIATNYANIA ANUNUILAZENYUSTURY

2.1 anwariuRIbazAune vRlvesiasueinmidenlasionlulnse @nwinae
walla AFM lagtiflauuiimaeuuuuiudaneuluiasizinieinias Atomic Force Microscope

2.2 NM1IMIAMUNUT TATIETI99A01A A1ARAYINT LazdNYMENURIYIRANUNY
Tnidlsulasdsululpsanemaie FE-SEM 1aatuinHduu1aimasuuuskiudanay tU3msievinaie
L3049 FE-Scanning Electron Microscope

3. mMywergvesdUsenausamaeiivesiauudnndeulasdeululasdsiemaia EDS

v A . . A = I3 a a ¢
AIBLATDY Energy Dispersive X-ray Spectroscopy LWoAN®184AUTENBUTBIGIHNIANUUNAL
valnmdeulasiionlulese lngandenisiinssd@endianizmvasmmioulasdoululasauy

FUIU
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3.5 LUININNIINAADY
mAfeadall AdeldwToniiduunmdenlandoululasduunszanaladuazuiudaney

TnswdsAgnsilrauialulasiauiasszesinesenindiansesiunasitansiadou Mnduthildd
ndeulaluFnunanuazanizyesiidy Tnoudady 2 nsveasesidl

Mneaesii 1 nsAnwwavessns nauialulnsiau

ABMINARBY

1. nsedeuildy sumoudilunisiadeuiiduurdmnidonlasdeonlulasduy
nszandlasuazududanoulpenisuusardnslnauialulasiou edneinavesdnslnauia
Tulpsauselassadrvesiiduurslmnionlasdoululass fvualisnsluuuiasnounsd
Winfu 16.0 scem Adslalihadmmedanindu 190 W Tnsmuaueususimvaziadeuliad
WU 5 x 100 mbar Mnanadeuuu 30 uifl wazuusasnslvauialulasiau 4 ede 4.0,
6.0, 8.0 uar 10.0 sccm (AN3197 3-1)

2. asAnwdnvazanizeediidy Tnednwilassadewdn vuiendn Aasfinaniie

ANMUNUT BNBUSNURI LaraInlIeNaUNILALl

A157197 3-1 WeulunisiedsuiionusAdnsiluawialulasau

Fouly s18aziden
hasiedeu lugAves Ti-Cr
Jan 5093y nsvanalan waswudanau
sepgiesgniliansiadeuiuiansesiu (cm) 15
ALY (mbar) 50X 10"
ANAUTIN (Mmbar) 50%x10°
gns1luaniaarsneu (sccm) 16.0
Snslrawnalulnsiay (sccm) 4.0, 6.0, 8.0, 10.0
Masatamese (W) 190
LaAdau (min) 30
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N151A8RdN 2 NISANYINAYRITEEEYNTEindansassuiuidiansniou

ABNINAADY

[V v
v A

1. mswleuiay Fuilidunisedeuiiduuelnmdenlasdeululasauunszanalad
uazwsiuddnoulponisulsasseyinessnineTagsessuiuthansiadey Wefnwinavesszeging
senineTansessuiuidhansindeuselassadailday Muualidnsidiuniaonsnousauialulasou
ATV 16.0 sccm : 6.0 scem TasmuauANFuTIvAzIAdoUlRIMNTY 5 x 107 mbar
Maslnihadawmesaviniu 190 W ldhanadeuuiu 30 wii wazwUsAseeerneseningdansessy
furthansiadeuwinfiu 10 cm wag 15 cm (M5 3-2)

2. melnneidnuazlamzvesiidunienls TnsAnwlasiaiiawdn suiaudn A1mei

LARTIY AINUNUY SNBUSAURY WaLeIRUSLNBUNILAL

A157197 3-2 WeulvnisiedasudlonusaAnssualninveaadwasladey

Fouly s18azi9en
hasiedeu luigAves Ti-Cr
193995 nszandlan wazuudanau
seggriesgrilansiadeuiuiansessu (cm) 10, 15
ALY (mbar) 50X 10"
ANAUTIN (Mmbar) 50%x10°
gns1luaniaarsneu (sccm) 16.0
onsnaunalulasiau (sccm) 6.0
Masatatnese (W) 190
LaAdau (min) 30
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UNi 4

NatazanUsigna

[ 6V
4.1 wavasdnsluaufialulasiau
HaNTATIinuzianzasTiaunlailelddnnivauialulasiaulugag 4.0 - 6.0 scem
nansAnwTaUsEneumednun 1A5eaaNan A1ALanTiy YWIANEN SNUaENURY AU
AUV IAssaseganiaLareAUsenausng dnan1sAnyssil
1. Taseademdn

A9 4-1 uanssuuuunsieiuusdiendainmaia XRD vesilduiadeulailonusan
gnsiaufalulasiaunldlunssuiunisiadou nuirgusuunsideiuusidiendvesiiduile
WasulunuAdnslvavewialulasiauildlunisindou Ineilauiladelddnsivauialulasiau

Y Y Y \ 0] ] { a o
Wiy 4.0 scem wugURuUMSIAgUuTIdengiyy 37.33° uay 62.99  1iiga 2 fin LilaLiudnT
aufalulasioudu 6.0, 8.0 uay 10.0 sccm nuirguuuunsdesuy Sadendiiudu 3 fin
= | ) 0 ) 0] O O o
Ao s¥Minau 37.24° - 37.32°, 43.28° - 43.33" uag 62.83 - 62.97 lagAuduveIguLuy
& o a ¢ = 9y o o a X

nsdenvusdiendnniinanawnusnlvawialulasuniuiu

4 ~ = & v « a6 A ve & v a «

WialUSsuiisusukuunisidgavusediondvesiiqunlaiusuiuunisidediuuiediond
v suszneulminidenlulasd (TIN) - waglaslleoululasd (CN)  ngiudeya  JCPDS
WUl 87-0633 uay 77-0047 sudwiu iieldiusumisdnede wudrguuuunsiieauusidieond

a e A A va i ! ' & o o ¢ = 13

voslauindouladAegsynintegluuunisideuusidionduvesansuseneulnnitlonlulasiuas

lasdlululasaviaun NeildeRnsanyuvesgiiuunisignuuidiendvesiiduiadeulanudin

'
a

Wodnsvanfdalulasiauiinduyuvesgluvunsidetvuiidionduasilauiedauladeuly

Y

(% [ , [

megrevedlasllvululase Tuilagulainfidunndeulatfeilauuiswatinmisulasdeululase
58UV (111), (200) uag (220) (AW 4-1)
o w1 = a a e A A vt o & o ¢ o
dvsudasiwanigvesidunioulagamuinaingiuunisitenuusediend fauand
Tum131991 4-1 nuniiduiedeulddiinsfivanfiveglutg 4.168 A - 4.176 A Faduesening

Apafinandevaslnmdenlulasa (4.238 A) uazlesifloululase (4.148 A) anusiudeua JCPDS

<9 Y
1

(nn? 4-2) MelliflowlSeuisuAinsivanfizvasilauiedsulalunuidediuaiasivanii
wnsgruveslnmillenlulasdnugiudeya JCPDS @il 87-0633 wuinAAIuanfigvesiaule

fyuaanninmasiwanivvesinindeululeses Walvgninaaiivanfigedlasidoululase)
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dlosnmswnuiezsenvedlnoiley (aflvesesnouuszann 160 pm) Fadvualnaniiezney
woslasillon  (Srilvesovmoulszunu 139 pm) lulassadrsveslasdioululasavinlissozuig
seisrnvtemanvosiiduiiindevldfa ity iunaliinsiiuanfivvesiiduiindeuldd
Aty Vilfpmessuuuunsdsnuuiiiiendvesiiduiindouldtindeulunsdnevosmves
sUwuumMsdsuuisdienduedasilonlulagd (Mussmasauusiay fuandunmd -3
druvuandnvesiiduurslnnifeulasdisululasaduineieaunis Scherrer 310
sUuuumadsuudidiendrasiiduunsiiindouldlunmil 4-1 wuindlednalnaudalulnsiay
Wudundnivuiadnamnizuiu Teendndisvuiv (111)  GAanasn 67.1 nm 18y 50.8 nm
YTV (200) wa (220) wANTVLINARASIN 69.8 nm 1Tu 48.8 nm uaz 970 56.5 nm 1y

41.4 nm AUAIPU AIaRIlunISI9N 4-1

a | a = Al ¢ ~ a ca A v
AN 197 4-1 ALanAY YuIANaN AuKLIvesiduunmidenlasloululasanndouls

Wakusaonsiluawialulasiau

ansluaufalulasiau Lattice constant (A) Crystal size (nm)
(sccm) TiCrN(111) TiCrN(200) TiCrN(220) TiCrN(111) TiCrN(200) TiCrN(220)
4 4.168 4.174 4.169 67.1 69.8 56.5
6 4.169 4.171 4.170 62.1 65.7 50.3
8 4.175 4.174 4.178 59.9 53.4 4a7.7
10 4.178 4.176 4.179 50.8 48.8 41.4
=3 €8 s 7
Z Z % z S’ 4 N, gas flow rate
o A o0
) 10 sccm
_ " M T T W T IR
= 5 E
£ Ht q
i sccm
wn 1 |
= | !
L | i
~— | |
= ' '
Ll ! |
i = 6 sccm
: 4 sccm
i i ! W“M
20 25 30 35 40 45 S0 55 60 65 70 75 80

2 Theta (deg.)

A9 4-1 JUsuunsigauusdlendvesiiauiindouls WeudsAdnsivavesudalulngiau
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4,240 rp— -
TiN=4.238 A
2 4.220
s
£ 4200
=
=]
o
2 4180
> ._-_/_-—-—-.
~
= 4160
CrN=4.148 A
4140 e
2 4 6 8 10 12

N, gas flow rate (sccm)

AN 4-2  Aesiivanwvesiauedauls wWewdsAonsitvaveaialulasiauy

4.180 37.36
4-178 L 4 - 37.34
S 4.176 +
e 1 37.32
Ei:» 4.174 =+ )
= + 37.30 =
< 4172 % z
=
= 4.170 = + 37.28 =
- 2
g 4168 ¥ 3726 2
S 4.166 $ <
£ 1 37.24
3 4.164 +
4162 4 1 37.22
4.160 & A & i & A 3 37.20

4 6 8 10
N, gas flow rate (sccm)

A9 4-3  WIguifiguAasibaniswazyuvessULuunsdeuesdiendvesiiauiadeule

Wondsaransiluavesnialulnsiauy



2. Taseadnegania dnwnsiuRauazaumun
amd 44 uanslassairsganiauazniAfavsvesiiduuiiadeuldainnisdne
fromaiia FESSEM wundleldsnsluandalulasiaulutng 4 - 6 scem dnwazniafnvnewes
Hauuanslmiuilaseawediduilsdnssndosduiuuwisudnvasaeduusuasiivesing
(Void) téntes wariduiuunldufivsudutunusnslvaveialulasouiifiutu Tnedisnslua

s o v

whalulasaulurie 8 - 10 scem wlaflduiilaseasawuunvisanasuasuduiaunidnee

ee

1%

AU T UL UL LT LT sdsma lvasIndlulalauanasnie

O XA a o X a aj s ay v = v a
WQUL@J@WquﬂJWaﬂUﬂJSWENQLLagsﬂuqﬂLﬂi‘LmJaﬂwallﬂlﬂﬂr]ﬂﬂ']iﬂﬂ‘lﬁ"lfﬂ'lﬁ]L‘V]ﬂ‘LJﬂ FE-SEM

(% '
=1 a ! v

@ al e A A o A a X
NUIANBULNURILAZVUIANTUIDIRANTNSIUAs UL YA uAIRs akdalula siauiiudu
ToeAaunndaumesns awialulnsiauvingu 4 scem nsuUnRIMENAaLTdnwas UL iawray
sUnsUMdnnszatvadaneniimivesildy il ddnyasysuseldsuiseu wavidle
Faslnandalula s uiuTunuInaneseRIMUNURINALT AT sULINTY Taansuniidnuaztdy
YDALNALANAY

o U a s d‘ = 2 LY d‘ 1 a v
AUTUAMUNUNIVBINALNLARZ B ULAINANLEAINIARAYINS LA 4-4 WUINTu7lLY
lﬁ' 2 6V lé’ lﬁl lﬂl 2 6V o Y a
anasllodnslranfialulasiaugedu Wesinlednsiluavesufialulnsiaugeasiinliiin
ansusgnevlulasannidhaisindeu (Target Poisoning) iiiihansiadeugnadawmesiauintu
I3 = U

danalviegnouansindeunnasiansessuladesavirlufiduianunuianainiudnsiluauia

TuUlASRUANLYY (AN57199 4-2)

A A e e A XS
2 forta CH s LA XA
A ity

}:;r'

-5

TMEC 5.0kV 12.0mm x50.0k SE(V) TMEC 5.0kV 12.0mm x50.0k SE(U)

(a
MNA 4-4  FnuTNURILALAIARNYIasiduTwraaulailaldsAonsn luawdalulasiau

A 1zRAeWALA FE-SEM wiawlsaronsiluawnialulasau

(@) 4.0 sccm, (b) 6.0 sccm, (c) 8.0 sccm, (d) 10.0 sccm
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TMEC 5.0kV 12.5mm x50.0k SE(V)

TMEC 5.0kV 13.3mm x50.0k SE(V)

TMEC 5.0kV 13.3mm x50.0k SE(V) TMEC 5.0kV 13.1mm x50.0k SE(V)

(d)
MNA 4-4  FnBTNURILALAIARNYIasiduTwraaulalandsAonsn luawdalulasiau
A 1zRAeWALA FE-SEM wiawlsaronsiluawnialulasau

(@) 4.0 sccm, (b) 6.0 sccm, (c) 8.0 sccm, (d) 10.0 sccm
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Al 45 uansdnuasituiavesdiduiiindouldesnsilnautalulnsiausng q an
nMsAndemaiia AFM  nuidnvasiiuiovesiiduddsulumudasiinaveuialulnsioud
\fisTuaenadasiunanisinainmaia FE-SEM Taeitsnstluavosuialulnsiauwinfu 4.0 scem
insuvesiduidnvasduniadnuanseinsyaeiiontildy dwuiidufiindeusesnsilna
vowufalulasauviiiu 6.0 scem insuvesiidufivunalndu susarinaufalulasiou wazanine
dodnsilvaveufalulnsiauviiiu 10.0 scem insuvesidufidnwefunguiourualng

SmsurumuILar AL URIvesTidundeUldilasnsnisnauddlulnsauiuiy
NUINANUTUNANLAIaNa9917 336 nm LU 283 nm d@ruAuneIURINA1ana%an 4.8 nm
W 1.4 nm ilesnideiiiudanlvaufalulnsauazsilivinaufalulnsauluieaadeugs
Falunsdtinilninasussnevlulasaiinindaisindeu Mi3end1 Tareet  Poisoning
Failitharsedeugnatmmesldsniu dwalviosmeuresasinfeuindouuuiansesiutionas
Flmumunfisuiinanasann 336 nm 1u 283 nm Fauandunsed 42 dmsuaumneIuiRa
yostaufindeulanuin Weiudasvaufalulasiauain 4.0 scem Wy 10.0 scem fduipdou

TafAuneURIana991n 4.8 nm WU 1.4 nm FIR1S199 4-2 LazAInd 4-4

M9 4-2 ANUUUILAEANUKEURITBsHaNIAGeUls WanUsAens lrauialulasiau

ansluanialulasiau AURAUN AMURYTURD
(sccm) (nm) (nm)
4.0 336 4.8
6.0 292 1.8
8.0 286 1.4
10.0 283 2.6
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[nm]

@

[wm]

0.4

10,21

(b)

NN 4-5  ANYAUTNURILUY

2 3/ way 3 95 vasduualnmfleulasdeululnsa
AAseieewatn AFM Wawlsaronsiivawialulasiauy

(@) 4.0 sccm, (b) 6.0 sccm,

(c) 8.0 sccm, (d) 10.0 sccm
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(c)

0.00 [nm] 16.86

(d)

v
A a

ANA 4-5 SNWULNURILUU 2 07 way 3 16 vesiduusmmdeulasdieululnsa
PAs1zrAemala AFM wWawlsaronsiluawialulasau

(@) 4.0 sccm, (b) 6.0 sccm, (c) 8.0 sccm, (d) 10.0 sccm
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3. 99AUSTNAUNMLANVDIWAY
AN 4-6 wansasrUsznauMweivesianurslmdeulasidoululasanlaluanuidel
ANNITIATIZYAEATA EDS wulnidunlad vty (T) Tasiflou () wazlulpsiau (N) 1u

psaUsznauludndiunng q lnallednstlnaudalulnsiausinnu 4 scem Waudlmnden Tasidoy

a1 1

wazlulnsau Wi 12.36%, 27.97% way 59.67% MUaU kazdawiniu 9.80%, 23.11% way

67.09% Muansu waldanstrakialulasiauvinnu 10 scem tneddnsndlruseningnmdeuse

3 = A

TastdonAaudenanuszu 0.41-0.44 BatjarnuanisanwnuInUsualulasuluiduieiou

£
= a

AT UAIUD R IawAalulASIAUNRNTY 1IN Tedns takAalulnslausiuye YSuiu

2enauvadlulnTRUNTIuslulAssas 19w siau A aaulad ALY

A157197 4-3 29pUsznauAiivasiduivdauls WeokusAdnsiluawialulasiau

amslvawfia @sAUsEnau (at%) aepUsEnau
X= y= a) 6
Tulasiau Ya9ay
Ti Cr N Ti/(Ti+Cr) N/(Ti+Cr)

(sccm) (Ti,CryNy)
q 12.36 2797 59.67 0.31 1.48 Tig31CrosoN1 a8
6 10.71 2560 63.69 0.29 1.75 Tio.25Cro.71N; 75
8 9.99 24.13 65588 0.29 1.93 Tio20Cro 71N 103
10 9.80 2311 67.09 0.30 2.04 Tig50Cr0.70N2.0a

80
| #Ti Cr &N
70 4
I — =\
— 60 + /
S
e’
= 50 +
R
=
= 40 4
—
g
S 30 +
= O
20 L
10 + . —— — —
0] L i L A L A L
4 6 8 10

N, gas flow rate (sccm)

MNA 4-6  BIrUsENaUMLATvasdunlaliondsAans luawdalulpsiau
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4.2 NAYRLTTYLYNNTENINNIERTaTuUAulasIARaU
nanFiATzidnuazionzvesiduiliiloldsrosvinsseninsTagsesuiuidhanaindou
WU 10.0 cm Az 15.0 cm - WansANwIYTENBUMIY Tassaianan Aasiiuandis vunaREn
Snvaugiuiy mumu vy TassadeganiauazeadUsenoustn nan1sAnudsil
1. Taseademndn
A 47 wamsgUuuunsABaLisdiendanmatia XRD vesfiduiindould weuus
A1szrgn1esenitedagsesiuiuidhansinfeulunszuiunisiadeu nan1s@nvinuingukuy
nsdenvuSdienduosiiauiildBeulunussesinaseninstagsessutuithansiadeu Taefidu
fldideldrsrogessnintansesiufudhanaiafousinty 100 cm wusUuuuMaiAeaLLY
Sedonddiyn 37.04°, 42.72° uar 6257 wsilllariuszezinsseninadansesfuiuihasiadou
Hu 15.0 cm wuihsuuuumndsnuuiediendiiyn 37.32°, 43.33° way 62.97° Tasauduves
g‘dLmengmLuu%’aﬁLaﬂsﬁnﬂﬁﬂa@aamms&szaismwﬁa@iaﬁuﬁ’ULﬂwmimﬁaUﬁLﬁmﬁu
SowFsuifisusuuuunnisnvuidiendresiiduillitusuuvunsidenuuiiiiond
vosansUsenaulmnmdenlulasd (TIN) - waglasleululasa (CN)  ngiudeya  JCPDS
Wil 87-0633 wag 77-0047 nuddy witelfifusumisdneds nuisuuuunsdeauuiiiiend

voslaunindouladAegsyninagluuunisidevuidiendvesarsseneulnnitenlulasias
lasdlululasavun Neildeinsanyuvessiiuunisignuuidiendvesiiduiadeulanudin

¥
=

Y & ~ 1 o a ¢ A A A o o
LlIEJEJGli’]vL‘ViaLLﬂﬁlﬂI@iLﬁ]HLWﬂJﬂJU@J@JﬂJ@ﬁﬂLLU‘Uﬂ’]iLaEJ’JLUUi\‘]aLEJﬂ"U“U’e]\‘iWaWLﬂaaUIWLaaulﬂ

q Y
¥ 14

medrevetlasllvululase Tudlagulainidunndeuladfeilduuiswatlnmdsulasdeululase
S¥uU (111), (200) wag (220) (AW 4-7)
] [ ! PN a as A = vyt o ‘&J v a & o
dvsumasiwaniigvesidundoulagamuinangliuunisifenuusediend fauand
Tum151991 4-4 wuilduiedeulddiinsiivaniiveglugg 4.169 A - 4.229 A aduersewing
Aasiuanfigvaslnmieululasd (4.238 A) uarlasidlowlulasd (4.148 A) augrudeya JCPDS
(A9 4-8) MsililatUTeuisuAtAsiLaniiguesilauiiadaulalusuldeilduaiasiuaniey
wnsguvatimnllenlulasdniugiudeya JCPDS vl 87-0633 nuitAasiuaniieasidunle
a I3 ] a a = s 1 o dl N )~ I
Hvuraanninarasivaniigeeslmnioululess walvwgnimpsiuandigvelasdionlulase)
Wesannsunuiiezmeuvesivinitey (Sallveseznauuszunn 160 pm) Fdauinlngninezneu
voslasillon  ($rilvesovmoulszunu 139 pm) lulassastsveslasdivululasavinlvssozuig
' = as A & va 1 oa X < o A a as A o« vl
3¥INTEUUTRINANYRsHaNAdoulalla LTy [Wunaliaiasiiuanfigvesiauiiindouladl
ALY viliyavesguuuumMsidgiuusidiendvesiauiindeulsiinsifoulundievesyuves

sUuvumadgauuisdiendvadasidioalulasd (Awewandeiiuuiiay) fwandlunmi 4-9
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druauandnvesianunlnmidvulasfonlulasaaiuiaiigaunis Scherrer 210
sUsuumadsuiiiendvesiiduunsiindouldlunmd 4-7 nudilossesisseninefansosy
fuithansindeundndvunelugiunnszuiu Tnendnfissuu (111) SAnfinduain 50.8 nm 1Hu
62.1 nm YauEdisEuIU (200) wag (220) wEnfivwiaiinduan 36.3 nm «Ju 65.7 nm uaz 91

35.7 nm LU 50.3 nm suaisiu sakanslunsnad 4-4

ANSMN 4-4 ALaRAY YUIANAN ANUKLIYRsiduunmidenlasloululasanedoula

WeuUsAsvesinaseniniansessuiutansiadeu

J2YLUNY dst Lattice constant (A) Crystal size (nm)
(cm) TiCrN(111)  TiCrN(200) TiCrN(220) TiCrN(111) TiCrN(200) TiCrN(220)
10 4.199 4.229 4.194 50.8 36.3 35.7
15 4.169 4.171 4.170 62.1 65.7 50.3
R g §
£7Z £ ¢ zZ 7
I & IS O

substrate-target
distance (d)

15cm

Intensity (a.u.)

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

A9 4-7  sURuUNsIRgIuusdlendvesiiauiindouls WeuusAnsyeziasenineiansesiu

AuLtasasu
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4.240) p—ee
' TiN=4.238 A
z 4y
£ [
£ 4200 ¢
:‘ .
=] 3
O .
g2 4180 ¢
3 [
3 .
4.160 + |
- CrN=4.148 A
o —_— ..
5 10 15 20

N, gas flow rate (sccm)

AN 4-8  Anpsiuanfisvaaiiauindauls WeoudsAszesineseninaiansessuduiihansniou

4.210 37.35
[ + 37.30
2 4200 4
2 i
& . $3725 |,
= 4100 & =
z * [ t3720 5
= i —~
~ I (=9
v - - 2
2 4am § 37.15 2
1 3 [q-]
£ : $s70 &
< 4170
= [ ¥ 37.05
4160 & . . . 37.00

10 15
N, gas flow rate (sccm)

A9 4-9  WIsufguAaiLaniswazyuvessULuunseluusdlendvesiiauiiadeule

WeuUsAsvesrineseninansessuiudansiadeu
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v

2. 139851998010 ANBALWURILAZAINNUI
A7 4-10  wanalaseasieganIaLazA1AfIvINNTesiatusitadaulaannsAn

memalla FE-SEM wuinfiszegrnsseninedansessuiuidhansiadeuiniu 10 cm uag 15 cm

[ 13 dl

LY v a Y @ 1 I a vl | Y I '
SnwuEN1ARNYI19veITduLansliiuINlATIas 1R I Al Vl‘lﬂllﬂ’]iﬂfﬂlﬁﬂ\im?l Wuwuuwnalu

LY '

SnuwuzaoduulshazivecsludeWduantes wasduiidnwusiuudunusnsnluaveuia

¢ A

Tulnsauniiudy Inenons1vawialulng,aulutia 8 — 10 scem waNauNTlASIASIUULYIS

1
)=

NYUL AU N ULUURLTUTdInalidaengluiloNauanasnie

Aa o

anaslasuduiduni

L O I I A |

TMEC 5.0kV 12.1mm x50.0k SE(U) 1.00um

@)

TMEC 5.0kV 12.5mm x50.0k SE(U)

el' LY d’l’ a Y als A A v | v [23
A9 4-10 anwguRIwazn1RnTIveIiaundeulleuusadnnivauialulasiau
Minsgimemaia FE-SEM WeunUsassegriesenindansessuiudansiadou

(@ 10.0cm, (b) 15.0cm
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¥
a A

] a o X a aj s ay vy = v a
WQULN@WqumqaﬂUﬂJSWUNQLLaSSU‘lﬂ@Lﬂiu‘ﬂ@ﬂwaﬂﬂlﬂzﬂqﬂﬂ'ﬁﬂﬂﬂ"l@']ﬁ]L‘Vlﬂu@ FE-SEM

nuNdnwriuRIwazruInnsuvesiduiiadeulakiiufsunlasmusseerineseninedanseesu

(3 ]

[y I aa 2/ a A Y o < ' a a
fuhansiedeu laginsunrmtvesiauindeulaiianvasiduwisinaugunslnianseany
adaueIlmtvesay vililanthlidnwasysasslinuseu

dmsumnunuvesiiauiiadaulianainuaninindauindluning 4-10 wuinliranas
Wesregviesgnindansesiuiuidhmsiafeuiindu dnsnfeuliranadiiesyesinaseninedan

YY) = s & 4 ° - A Az o 1Y) | =
seafuiuithasinfeuiuduiiosdnuiuesneuvesasndeunnaounfviansessulumhenand
AanaenINsEEEisEnIeansassuiuthasdeuiiutuiidunedeuladnnuvuianad
(#5799 4-5)
=~ o & a N v A 9w A . o o o

AT 4-11 wansdneaeuRvesiidunnioulalieldillossagrineseninadansessuiu
wWhasimdeuse & annsanwimsaiin AFM wuinanwausiuivesiiduiindeulaldiuasuld
ANsTEziesEnInsiagsesuiuliansiedou Ineinsuresiduiidnvasiduurisdnunaniien
nsgNenRIniveilay Jaaenaqasiunanisineiainmealin FE-SEM

dmsumNTUILaEAN U VR TRIaLTAGouldlila ANuedsEEE TN TanToeTy
futhasindeudindunuianunuilduiiaianasain 500 nm {du 292 nm dauauneuilag
A1anas91n 2.9 nm 1y 1.4 nm fissnnidlessezinessninadansessuiuidiansindouiiuiu
sgmauaisiadoungnalamesioanudinsda1nd uiann1snszeeineseninedansesiuiu
Whansiedeuiindwinlerneuaisiadeununfsfagsessulutisiafiviiuidnuiutegainiy
JrgresEningdansassuiuidiansinfeuniinduinlinnurunvedilauleanas AIn15199 4-5

LATNINY 4-10

‘:l' a as a = v A ! ! ' o/ (%
#1510 4-5 ﬂ’]’?ll‘lﬂll’]LL@S?]’J’]&IWEJ']UN']‘UENW@&WILﬂﬁ@‘Ulfﬂ LlIEJLLUiﬂ'ﬁ%Ugﬁﬁﬂizﬂﬁﬂx‘nﬁﬂi@\‘liU

AuLtasrasu
S282119 dst ANNAUN AUNYIUR
(cm) (nm) (nm)
10 500 2.9
15 292 1.7
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. LA

¥ .‘
: &

*

[em]

(@)

(]

[nm]

(b)

ANA 4-11 SnPaLNURILALAIARNYIasiduTwasulalaldsAonsn luawdalulpsiau

Mesgsimemaiia AFM WanUsaAnsseyrinaseninedansesiuiudiansiniey
(@) 10.0cm, (b) 15.0 cm
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3. 99AUSTNAUNMLANVDIWAY

[
=

Ad 6-12  wansesUsznoumaaiivesfisulnmdenlandonlulassilalunuided
MNNTIAIEREemeda EDS wuinilduindeuldiemadlmden () Tasdlen () ez
Tulpsiau (V) Wussdvusznevludadiuing o ileldszesvisssninatansesduiuithansiadeou
Windu 10 cm Waudlnodley  Taswleuwazlulnsiau windu 12.43%, 31.75% way 55.82%
PNAU LagilAviiiu 10.71%, 25.60% uay 63.69% Lleldszayinesnineiansesiuiuiih
ansadeuiiu 15 cm Taedshsdruszninsmndouselasifloureudansdivszana 0.39-0.41
fadanuanisinwmuitiinalulenauluiiduiiedeuld danfintunussesiisseninetan

sassuiuansmaau

137 4-6 BsrUseneumaaiivesiiduiadeuls WauuUsAszasrinaseninedansaady

Auttasasu
. 29AUIZNBY (at%) 29AUsZNaY
22949 dst X= y= ar e
Y2IWay
(cm) Ti Cr N Ti/(Ti+Cr) N/(Ti+Cr)
(Ti,CryNy)
10 1243 3175 5582 0.28 1.26 Tig.5:Cro.7oN1 26
15 10.71 2560 63.69 0.29 1.75 Tig.26Cro71N1 75
80
-Ti
20 4 Ti ==Cr &N
é 60 + /
IR |
E 1%
=]
2 30 - .
S °
20 -
10 + O =]
0 - » -
10 15

N2 gas flow rate (sccm)

PN I a as ay v A i ' @ v o &
AN 4-12 EN?‘WU?SﬂE]‘U‘V]'NLﬂll?J@ﬂWﬁlW]i@Lll@LL‘Uiﬂ']igﬂgwqﬂizﬂﬁqﬂﬁaﬂiaﬂﬁ‘Uﬂ‘UL{]Wa"lﬁL?\la@‘U
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uni 5

R AGGEELRIGIIGIIE

5.1 dgUna

NANISANWIWIUAFEN T 2 d7U touA NaveI9ns1 lranialulnsiay WasNaATDISEELNY

[
v

seriviansesfuiudhansiadou edinalauazudisil

1. navaons1tvanialulnsiau

a

1.1 Fduimedauleduiduurenmidoululass ssunu (111), (200) waz (220) Iae

a v 6 a6 A A ¥ 1 | dy v s
yuvesuuuNsidsuuTdiendvesilduiiafouldegseninsuvesgunuunisidediuudiond
vaslmilenlulase (TiN) waylasileululasd (CN) a1ngiudeya JCPDS 1avhl 87-0633 uag

[ %
o v v

77-0047 mudwiu Metillednsivauialulasinuintunuitauduvesgukuunsiaeiiuy

& a1

Sedendvesiiauiirmanamnszuiy

1.2 dmSumpsiivanfigvasiiduiiadouladmlutie 4.168 A - 4.176 A druvuiawd
vosiidunuindledarivaufalulasauiindundndvuadnamnszun Wendnfiszunu (111) §
A1anasan 67.1 nm 19 50.8 nm Fasfiszuu (200) waz (220) HANTULIAARAI9IA 69.8 NM
Ju 48.8 nm wag 310 56.5 nm W 41.4 nm sugsu

1.3 AunuwazAueURavedisufilaiinsuasunladlunusasivauialulasiau
idlosnsnsivauialulnsaufintunuiimumunilduiidnanasain 336 nm 1y 283 nm @
AMUNYURLEAAREIRN 4.8 nm DU 1.4 nm

1.4 Snwasimivesilduiinsnuasuwlasiunusnsivautalulnsau wasisuiled
Tassadrauuureduund Wesnslwaudalulnsaufisdunuitiveuarinsiadsuuuneduund
yoduTiEnwaITILINNTY

1.5 ssrUszneumaaiivesiiay wuinensiluanialulasiauinanossnusynauniaad

3

vaslduurlasidenevgiidenlulnsd Ing Usunalulasnuidniuduniudasiluavesuia

= =

Tulpsiau dudinaldasilouiazozgiitlouiAanas
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2. WavassEEriesEndnedagsasiuiuitansindeu
2.1 Wlduiedeuldduiiduudlmmdenlulased szutv (111), (200) wag (220) lag
suvssgUuuUMadsuudiendvasiidufindoulfegsenimmvesguuuumadsnuusvdiond
vodlmmidenlulasd (TiN) warlasdlenlulasd (CN) 9ngrudoya JCPDS Lavil 87-0633 uay
77-0047 puddu Thidesvezisssninetagsesiutuihasiadeuifindunuitanuduves

sULuuNsReuLsdlenduadilduiAmanamnsyuny

(3 = A

1.2 dwiumnsiiuaniiavesiiduiiadoulddatlutig 4.169 A - 4.229 A duvuiandn
vosfldunuinileszesisseninstagsesiufuiihansiadeufutundndvualugiunnsz iy
TnenAnfiszuu (111) Seufisduatn 50.8 nm i 62.1 nm vaizfiszunn (200) waz (220) wEnd
YWIAANAIN 36.3 nm LU 65.7 nm uaz 910 35.7 nm LU 50.3 nm auadu

1.3 mumuiazanameuivesiiauiiadeuldfimsiasuntadlunusseyiesening
fansesfuiuthasiedev Weszesvesswinstagsessufuihansiadouifintunuinaum
Haudlrnanasain 500 nm Uy 292 nm d@ruanuveviaiiaanasain 2.9 nm1u 1.7 nm

1.4 sgegrineszninedansesfuiuidiasiedevlilinadednvasiintiuaslasaaiing
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Effect of Nitrogen Flow Rate on Structure of
TiCrN Thin Films Prepared from Mosaic Target
by Reactive DC Unbalanced Magnetron Sputtering

Nirun Witit-anun*, Adisorn Buranawong and Surasing Chaikhun

Vacuum Technology and Thin Film Research Laboratory, Department of Physics,
Faculty of Science, Burapha University, Chonburi, 20131, Thailand

*e-mail: nirun@buu.ac.th

Titanium chromium nitride (TiCrN) thin films were deposited by reactive DC
magnetron sputtering method from mosaic target. The effect of nitrogen gas
flow rate on the structure of the TiCrN thin films in the range of 4 — 10 sccm
were investigated. The crystal structure, microstructure, thickness, roughness
and chemical composition were characterized by glancing angle X-ray
diffraction (GAXRD), field emission scanning electron microscopy (FE-
SEM), atomic force microscopy (AFM) and energy dispersive X-ray
spectroscopy (EDS) technique, respectively. The results showed that, all the
as-deposited films were formed as a (Ti,Cr)N solid solution. The as-deposited
films exhibited a nanostructure with a crystal size less than 70 nm. The crystal
size of all plane were in the range of 41.4 — 69.6 nm. The lattice constants
were in the range of 4.169 A to 4.179 A. The thickness decrease from 336 nm
to 283nm with increasing the nitrogen gas flow rate. The chemical composition, Ti
Cr and N contents, in the as-deposited films were varied with the nitrogen gas flow
rate. The as-deposited films showed compact columnar and dense morphology
as a result of increasing the nitrogen gas flow rate.

Keywords Reactive sputtering; Mosaic target; Nitrogen flow rate; TiCrN, Thin films
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UNANMNIAE

EFFECT OF NITROGEN FLOW RATE
ON STRUCTURE OF TiCrN THIN FILMS PREPARED
FROM MOSAIC TARGET BY REACTIVE DC UNBALANCED
MAGNETRON SPUTTERING

Nirun Witit-anun*, Adisorn Buranawong, and Surasing Chaikhun

Vacuum Technology and Thin Film Research Laboratory (VTTF), Department of Physics,

Faculty of Science, Burapha University, Chonburi, 20131

*E-mail: nirun@buu.ac.th

ABSTRACT

Titanium chromium nitride (TiCrN) thin films were deposited by reactive DC
magnetron sputtering method from mosaic target. The effect of nitrogen gas flow rate
on the structure of the TiCrN thin films in the range of 4 — 10 sccm were investigated.
The crystal structure, microstructure, thickness, roughness and chemical composition
were characterized by glancing angle X-ray diffraction (GAXRD), field emission scanning
electron microscopy (FE-SEM), atomic force microscopy (AFM) and energy dispersive
X-ray spectroscopy (EDS) technique, respectively. The results showed that, all the
as-deposited films were formed as a (Ti,Cr) N solid solution. The as-deposited films exhibited
a nanostructure with a crystal size less than 70 nm. The crystal size of all plane were in
the range of 41.4 —69.6 nm. The lattice constants were in the range of 4.169 Ato 4.179 A.
The thickness decrease from 336 nm to 382 nm with increasing the nitrogen gas flow rate.
The chemical composition, Ti Cr and N contents, in the as-deposited films were varied
with the nitrogen gas flow rate. The as-deposited films showed compact columnar and

dense morphology as a result of increasing the nitrogen gas flow rate.

Keywords: Reactive sputtering, Mosaic target, Nitrogen flow rate, TiCrN, Thin films
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Introduction

In modern industrial, surface finishing by hard coating is an important process to
protect machinery parts, cutting tools and forming tools against wear, corrosion, erosion
and other unexpected damage, this results in an increase in lifetime compared to uncoated.
So, the major challenges in thin films technology or surface engineering are to design and
synthesis new materials which having a low coefficient of friction and low wear rate for
a wide range of working environments.

The binary metal nitrides such as TiN, CrN and ZrN has been known as the first
generation of PVD hard coating and widely used as protective coating for many industrial
(Wang et al., 2000). Among these films, TiN has been extensively studied due to its high
hardness, high thermal stability and good wear resistance as well as excellent corrosion
resistance. However, mechanical properties of TiN film are degraded by oxidation at
high temperature above 600 °C (Paksunchai et al., 2012). In order to overcome these
problems and/or to improve properties of the Ti-based binary metal nitrides thin films,
the Ti-based ternary metal nitride films such as TiAIN, TiZrN, TiVN and TiCrN have been
developed (Witit-anun & Buranawong, 2017). Among these ternary nitrides films, the
ternary TiCrN films have been attracted more attentions owing to its outstanding overall
properties with high hardness, high temperature oxidation resistance and low friction
coefficient (Witit-anun & Teekhaboot, 2016).

The TiCrN thin films can be prepared by various techniques. Among them,
PVD techniques are the most popular methods to grow these ternary nitride thin films
especially; sputtering method is the most suitable one due to low-temperature process,
use of non-toxic gases and simple process (Shum et al., 2004). In this method, various
targets can be used such as, multitarget, alloy target, segment target and mosaic target.
The multitarget sputtering makes it possible to accurately control the composition of
the deposited films by varying the sputtering current of each cathode, but this method
almost cannot be used owing to its complexity at industrial facilities. So, the tendency
in ternary nitride thin films deposition is to develop the method of magnetron sputtering
from single target, such as alloy target or mosaic target (Golosov et al., 2012). The alloy
target is made by casting or powder metallurgical technique. The mosaic target is made
from holes filled by additional elements which enabling to vary coating composition

through the number and position of holes.
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However, itis common knowledge that thin films synthesis by a similar process
in different laboratories, or indeed, in different systems of the same laboratory, have
different properties. This is because different geometry and conditions give raise to
different film structures, so the effect of deposition parameters on the structure and
properties still important and necessary to investigated. Nowadays, the studies of the
TiCrN film deposition technique have been focused on the influences of the deposition
parameters on the properties and structure of TiCrN thin films. However, investigations
of TiCrN film deposition from mosaic target are still limited.

In this research work, as a part of the ongoing effort to develop novel thin films
for high temperature and hard coating applications, TiCrN thin films were synthesized by
an unbalanced magnetron sputtering technigue using mosaic target at room temperature,
without external heating and biasing. The characteristics of the as-deposited films such
as the crystalline structure, surface morphology, and microstructure were investigated

as a function of the nitrogen gas flow rate.

Method

Thin films of TiICrN were deposited on Si-wafer substrates by reactive magnetron
sputtering technique form a homemade DC unbalanced magnetron sputtering system.
The cylindrical stainless steel vacuum chamber was 310 mm in diameter and 370 mm
in height was used as coating chamber of the system. The feature and diagram of
the coating system has shown in figure 1. The system is capable of creating a base
pressure below 510 mbar in coating chamber by using diffusion pump backing with
rotary pump. The pressure in the system was measured by PFEIFFER Pirani-Penning
gauge combination (PKR 251 compact full range gauges) with TPG 262 control and
measurement unit. The unbalanced magnetron cathode was mounted on the top plate
of the coating chamber so the system could be done by sputtering down configuration.
In order to setup the unbalanced magnetron cathode, the circular planar magnet of
65 mm diameter with 10 mm width was used as outer magnet and the magnetic rod of
10 mm diameter was used as center magnet, placed on the backing plate of the target.
The maximum magnetic field strength at the outer and the center of the target surface
are about 1000 G and 1400 G. A continuously variable dc power supply of 1000 V and

3 A was used as a power source for sputtering.
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Figure 1 The feature and diagram of the coating system use in this work.

The sputtering target used was a mosaic target show in figure 2. The target
matrix material is Ti (99.97%) and 4 holes positioned in the center of the erosion zone
are filled with Cr (99.95%) inserts. This mosaic target is 54 mm diameter and a thickness
of 3 mm held on a water-cooled magnetron cathode. The high purity processing gases,
Ar (99.999%) and N2 (99.999%) were used as the sputtering and reactive gases,
respectively. MKS type247D mass flow controllers were used to control the flow rate of

both the argon and nitrogen gases individually.

Maximum Erosion Zone

Normal Target Mosaic Target

Figure 2 The feature and diagram of the coating system use in this work.

54



21IENTIAUINTANNTEUAT ANTNINEANARTURTIN Alulad

42 | . -
0 13 a1Tui 1 (unmAx - Bguiew 2561)

Before deposition of each TiCrN thin film, the coating chamber was evacuated to
a base pressure of 5x107° mbar. The target was pre-sputtering under the Ar
gas atmosphere for 10 minutes while the Si substrate was shielded by shutters
in order to remove the contaminants on the target surface. The TiCrN films were
deposited at different nitrogen gas flow rate from 4 sccm to 10 sccm, while
deposition parameters such as sputtering power, substrate temperature and working
pressure were constant. The deposition parameters used are summarized in
Table 1.

The crystal structures and crystal size of the TiCrN thin films were characterized
by X-ray Diffraction (XRD: BRUKER D8) using a Cu K, radiation (A=0.154 nm) and
generator setting of 40 kV and 40 mA. The XRD patterns were acquired in a continuous
mode, scanning speed of 2%min and the grazing incidence angle of 3°. The phases of
films were determined using Bragg's law and compared with the Joint Committee on
Powder Diffraction Standard (JCPDS) files. The crystallite size calculated by Scherrer’s
equation. The surface morphology, and roughness of films were evaluated by Atomic
Force Microscope (AFM: SEIKO SPA400) in a tapping mode with a silicon probe for
observation of surface morphology and roughness with a scan size of 1.0 um?® The
thickness, microstructure, and cross-section structure were investigated by Field Emission
Scanning Electron Microscope (FE-SEM: Hitashi s4700). The chemical composition of the
as-deposited TiCrN thin films was determined by Energy Dispersive X-ray spectroscopy
(EDS: EDAX) equipped on Scanning Electron Microscopy (SEM: LEO 1450VP).

Table 1 Thin films deposition conditions

Parameters Details
Sputtering target Mosaic target of Ti (99.97%), Cr (99.95%)
Substrate temperature room temperature
Substrate-target distances 15 ¢cm
Base pressure 5.0x10° mbar
Working pressure 5.0x10° mbar
Sputtering power 190 W
Flow rate of Ar 16 sccm
Flow rate of N2 4,6,8, 10 sccm
Deposition time 60 min
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Result and Discussion

TiCrN thin films were deposited on Si-wafer by reactive DC unbalanced
magnetron sputtering at from maosaic target by various nitrogen gas flow rate and keeping
the other deposition parameters such as sputtering powers, substrate temperature,
and sputtering pressure as constant. Figure 3 show the variation of deposition rates,
which determined from the thickness divided by the deposition time, as a function of the
nitrogen gas flow rate. The results show a significant decreasing of the deposition rate
with increasing the nitrogen gas flow rate. The deposition rate of the films decreased
form 11.2 nm/min to 9.4 nm/min with increasing the nitrogen gas flow rate from 4 sccm
to 10 sccm, because of exceed nitrogen gas are react with the surface of the target,
and form the thin nitride layer on the target surface, which called target poisoning, that

reduce the target sputter rate.
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Figure 3 Effect of nitrogen gas flow rate on deposition rate of the as-deposited thin films.

The chemical composition of the as-deposited TiCrN thin films was analyzed by
EDS technique as listed in table 2. In this work, it was found that as the nitrogen gas flow
rate increased from 4 sccm to 10 sccm, the Ti and Cr content of the as-deposited TiCrN
films decreased from 12.36 at.% to 9.80 at.% and 27.97 at.% to 23.11 at.%, respectively,

while the N content increased from 59.67 at.% to 67.09 at.% as show in table 2. It also
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shows the Ti content and N content defined as x=Ti/(Ti+Cr) and y=N/(Ti+Cr) and film
composition TixCrHNy as a function of nitrogen gas flow rate. It was found that the Ti
content almost canstant about 0.29-0.31 for all nitrogen gas flow rate. In addition, the N
content in all films also increased with increasing of nitrogen gas flow rate. The ratio of
nitrogen to metals (y) was more than 1 revealing that all of the as-deposited films were

over stoichiometry.

Table 2 Chemical composition, Ti (x value) and N (y value), and film composition as a

function of nitrogen gas flow rate.

N2 flow rate Chemical composition (at.%) Film composition
x = Ti/(Ti+Cr) y = N/(Ti+Cr)
(sccm) Ti Cr N (Ti"CrHNy)
4 12.36 27.97 59.67 0.31 1.48 Ti

Cr. N
0.31 0.69 1.48

6 10.71 25.60 63.69 0.29 1.75 Ti
8 9.99 24.13 65.88 0.29 1.93 Ti
10 9.80 23.11 67.09 0.30 2.04 Ti

Cr N
0.29 071 1.75
Cr _ N
0.29 071 1.93

Cr N
0.30 0.70 2.04

Figure 4 shows the XRD patterns of the as-deposited TiCrN thin films deposited
on Si-wafer substrates with different the nitrogen gas flow rate from 4 sccm to 10 sccm.
The standard 20 positions for the (111), (200) and (220) of the TiN and CrN structure
were included for comparison purposes. The XRD peak position of the films showed a
continuous shift from the CrN standard 20 values with increasing of the nitrogen gas flow
rate. As the nitrogen gas flow rate from 4 sccm to 10 scem, the 20 values for (111), (200)
and (220) peak reflection of the TiCrN structure shifted toward the lower 20 values.

This result suggested that the as-deposited thin films in this research work
formed a solid solution of (Ti,Cr)N with the fcc NaCl phase. The result was found in other
researcher, Lee et al. (2001) also found the fcc NaCl phase in (Ti,CrN film prepared by
ion-plating method. A solid solution of the TiCrN films form whereby the Ti atoms were
substituted by Cr atoms in the TiN structure. Since the atomic radius of Cr atom (0.1249
nm) is smaller than that of Ti atom (0.1445 nm) (Callister, 2007), it was found that the
lattice constant of the TiCrN film, increased gradually with increasing nitrogen gas flow

rate as show in figure 5. Moreover, the lattice constant of the TiCrN film which in range
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of 4.169 A to 4.179 A was between that of TiN (4.238 A; JCPDS No. 87-0633) and CrN
(4.148 A; JCPDS 77-0047), which confirms that the Cr atoms have already incorporated

into the TiN lattice in this case.

N, gas flow rate
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Figure 4 XRD patterns of TiCrN thin films deposited at difference nitrogen gas flow rate.
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Figure 5 Lattice constant and 20 of (111) peak as a function of nitrogen gas flow rate.
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Table 3 Crystal size, roughness and thickness of the TiCrN thin films as a function of

nitrogen gas flow rate.

N2 flow rate (sccm) Crystal size (nm) Roughness (nm) Thickness (nm)
4 67.1 4.8 336
6 62.1 1.8 292
8 59.9 1.4 286
10 50.8 3.2 283

The crystal sizes of the as-deposited films as a function of nitrogen gas flow
rate shown in table 3 were calculated from FWHM of XRD patterns with (111) peak
using the Scherrer’'s equation, were decreased from 67.1 nm to 50.8 nm as increasing
of nitrogen gas flow rate.

The AFM technigue was used to study the surface morphology, roughness,
of the as-deposited films. Figure 6 shows the AFM images of the TiCrN thin films as a
function of nitrogen gas flow rate. The small grains with triangle shape spread across
the surface were investigated at low nitrogen gas flow rate of 4 sccm (figures 6(a)).
When the nitrogen gas flow rate was increased, the coalescence of grains tend to form
the bigger as the nitrogen gas flow rate increased. The RMS roughness values which
obtained from AFM images were significantly decreased from 4.8 to 1.4 nm as a function
of nitrogen gas flow rate. It can be noticed that the evolution of surface morphology and
surface roughness were dependence on the nitrogen gas flow rate.

Figure 7 shown the FE-SEM cross-sectional images of the TiCrN thin films with
different nitrogen gas flow rate. The as-deposited TiCrN thin films show columnar structure
which was grown continuously from the substrate to the top surface and correspond
to the zone 2 of to the Thornton’s structure zone model (SMZ). The columns are less
defected and are often facetted at the surface. Furthermore, the microstructure of the

films also shows dense and compact columnar.
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[nm]

Figure 6 AFM images of the TiCrN films deposited at

(a) N2 = 4 sccm, (b) N2 = 6 sccm, (c) N2 = 8 sccm, (d) N2 =10 sccm,

Figure 7 FE-SEM images of the TiCrN films deposited at

(a) N2 =4 sccm, (b) N2 =6 sccm, (c) N2 = 8 sccm, (d) N2 =10 sccm,
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Conclusion

The ternary nitride nanostructured TiCrN thin films were successfully deposited
on Si-wafer by reactive DC magnetron sputtering method from mosaic target without
external heating and biasing to the substrate. The as-deposited thin films formed solid
solutions with the fcc NaCl phase at all nitrogen gas flow rate. The lattice constants
of the as-deposited films gradually change with increasing the nitrogen gas flow rate.
Crystal size and the thickness decreased with increasing the nitrogen gas flow rate.
The chemical composition, Ti Cr and N contents, in the as-deposited films were varied
with the nitrogen gas flow rate. The FE-SEM results revealed that the nitrogen gas flow
rate affected the evolution of the microstructure. The cross section analysis showed

compact columnar structure and dense morphology.
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