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ABSTRACT

In this thesis, the" study of-titaniumoxynitride films by reactive magnetron
sputtering is presented. Film ~samples deposited with ~different conditions, were
prepared on glass substrate for .determining the factors that affect to the formation
of titaniumoxynitride~films - ‘as well 7as -optical -and ' mechanical “properties. The
deposition conditions consist of oxygen content, current 'density-and annealing in
atmosphere/vacuum. -~ As-deposited  films «were | characterized for  their ' crystal
structure, bonding structure and atomic chemical contents by X-ray diffraction (XRD)
and X-ray photoelectron spectroscopy (XPS), respectively. The optical transmission
property and energy. band gap were obtained by UV-VIS spectroscopy. The 4-point
probe technique was) used to)measure the resistivity of the films. . Hardness and
elastic modulus were measured: by nano-indentation ‘technique. It was found the
oxygen content in the deposition process-affects tothe-formation of amorphous
structure and the decreasing of Ti-O-N bonding-into the films:*However, the optical
transmission and energy band. gap increase with, the, oxygen content. The current
density obviously affects to the erystal-structure.and-atomic chemical bonding into
the films. The films structure changes from amorphous to polycrystalline with the
increasing of the current density. The chemical bonding also have the Ti-O-N state,
whereas Ti-N state is increased with the current density. The increasing of Ti-N state
enhances the hardness and elastic modulus of the as-deposited films. The annealing
process at 200 °C and 400 °C can be improve the crystal structure and optical
property by increasing the transmission and energy band gap. The formation of
titaniumoxynitride films is explained by using a model based on reactive magnetron

sputtering process.
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(a) Single Atom Arrives " (e) Growth

Islands

rowmg
i::.’“g‘g
Substrate %

(b) Migration Re-evaporation (f} Island Shape
° o Cross-Section
O/ o \ / . Istand
t———
\ S) _ ‘
O N
3 Substrate

(c) Collision & Comblnation of Single Atoms (@) Coalescence
°\ [ =
0@

{d) Nucleation

“slands” of
@' Aloms

&
&

JU# 2.7 JUwuurisiinnssinduveanguezaey [8]
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smeNaIIsaAAUT LUULRuHUS DS UL eviasumisimrzausunsiindedea
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vanegULUURi

" Anuffsenduiaunusesiu Tnsezneuiinnasuiiafussiriifuiaukusesiu
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" FussBamiiensewinezneniuidusasiuiaal azneufiiAn Surface Mobility
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2.3 AanNNSASENITASIZAaNTRRWITNI9YaINaLUNY

231 nsasavdsulasadmdndlemalianindeauuvasisdiond (X - Ray
Diffractrometer : XRD)

imafin X-Ray Diffraction wiowaila XRD Humadiafii$sdiendunldfinsies

a1sUssnevifiegluansiiegrauasthunliinuneasiBenifieatulnssadrondnasans
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a o

. a [ s = o
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A saluNIRsIRieTIeueASe XRD Wil

1. Aengvaudinalanaiundnluasiledaiisuivgudeyauinsgiu (Phase
analysis) JUsuUMsAsIvLIEondvedlasad i undnasiidnunsuandiefudutunis
ﬁﬂﬁ'aaﬁwmasmanmH‘Lumﬁnﬁ'\iﬂ"ugﬂuwmiLgaaLuumae%’aﬁLansﬁ Seenunsaldidusatuen
Ihanssetaiulsenoudelasadefifundnuialatne

2. AwesgviesausenevluaisiegnsludeSuna (Quantitative analysis) A1
Wuveaiansifsruuiviiendezfuaiulsiunnniinaeseiiszneuidundnnnelu
asiiegne fauFsannsaldiamuduresfindnamyinaessasesiusznousing 9
Tuanssireeale

3. JnsenvuinvawmEn (Crystallite size) karAauiAsenseiugania (Microstrain)
aunisesiiansidsivuidienddunaiiaunniedesdiouardnuasnanisnmees
arsegne dun anueienaniadounndesreskanuasuinavesiaoene fuu Jsaunse
AanuunArEnLaYAAS RN IATIRAILN B RANSRE UL end L

4. MIIRTIEMASETNNENUYY Grazing Incident X-ray Diffraction\(GIXRD) 1Ju

i ¢ P

aylaTziivInsd UM INTE Uz muaglugag 1-1000 nm Taely

v

uaiagdindfguveususasy ianisinlilaTuteyavasiauuiaiessdiufies uagta

[ L2
s = L

Sedendreyutoy) Ingdigwegnimualiadiun diiewhnseurituneiouiiiem

o oo 1Y) =2 P
JENazouIINKGN (3U1.2.9)

nA=2.d;sin®

Ul 2.8 JUNERINITIALUY GI-XRD
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Cathode LECTRON BEAM
Connection :

CAEMSSTRAMLUNG AND
4 xf CHARACT ERISTIC X RAYS

JUN 2.11 Mmsiinssdiend

melunTerinngvinmadeiuuiidiond Sidiendargnainsiunmelunasnlndey

mgldanngayyiniea (Guin 2.10) Tnglvinszualiiiuniduainfiauwi (Filament) viog
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melunaaanuiinidionddasyiivmduainsaudunazneliiinnisuanldsedidnnsoussn

INLEUAIR 5Léﬂmsaumdwﬁazgms'aé’wmmshaﬁﬂégq MlAadaunandualniaiiuun

o

1 Uu'*ihLLﬂImﬁ'saﬂ'a'lméagqt%'wu%’maiuﬂ Falpevinluvnainlaneyony awudidnasay

'
<l

wiadhruagilieluan (K-shell) maaawa:mmmeqﬂaanlﬂﬁaLﬁmﬂmiaa'm%wﬂuma
aidnaseunsuanileginan (L-shell uag M-shel) WamsivAsuszdundinuasnunud
oIy Imamsma%’qﬁLan‘&aanmﬁmmﬂugﬂﬁ 2.11 $sfondfimngeenuasituesnain
naeanlinsedendludiansaiogng u,as%’qﬁtan%ﬁﬁa'smuaanmnmsé’haEi'N%gnma'«Jﬁ'u

megunsninTadusediend (X-ray detector) [10]

2.3.2 msiaTedanAniauasiaewndas UV-VIS Spectrophotometer

UV-VIS Spectrophotometertltivatanidlunmsdeideusnaesasdunsd
Tulhigtudumadnifesldivosunsviarouagldnanauniundodiadinseind Ayild
Yaqiu wnaiinilifumainiig vssgndldldnte Tarmsaads uasaiuiiudige Snads
Huwmaiiaildeldeeligsdndae welaiidenduastutiag Uttraviolet(rrulumandu 10380
wluwns) uazday Visible- (AIuE12RAY. 380-700 1 TuLAT) vsrauwima iy
msiesesd Ingeadenssuiunisqandudaznnaden i uas Weuasrwludiiadng
fathaaziinisgandunastnsdauly uazuasiligngandunazawasariansossaenluld
Joyatlliantaauas UV hae Visibte 1l analélunistisBusudoyaildaint y infrared vido
foyafildanmediesevisaomaiiedy . q udsgliaunsoldszyvinvesnsldegsgnaesin
fofu  madadlunmslffeuiomnargnidlunisinereidwiimadunsmn ulinuan s
ADIN1TALINATIEAIUAOE 19 <) %@Iﬂﬂﬁ"a‘waq’tugﬂmsasma

vidnmsvieuuazdutseneuliaias UVAVIS Spectrophotorneter’ a1duaunas
499 Beer - Lambert's (3UA 212) Tngilias Uv-Visible “$noglutasnatugnindu 200-800
wluins Weuasdssiudsanansagandunastd Tngnasiiuasgngandy Fenda Anis

gandu (Absorbance, A) lapduviusivainzariouveuad (Transmittance, T) fadl
I
A= log(T")

Tne ANULTUVDILEARNNTENU

o~
1l

ANMUTNVBILEAINANY (Transmittance)

~
1l
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ANVITUTUY0ORI0EY0 = C

Beer-Lambert Law

lo I A -
uaonnns:nu_, —» ndoninas
(Incident light) (Transmitted light)

<— b —p
s=e:fuavdovunu

UMl 2.12 wdnn1suea Beer - Lambert law

fUszner .‘ ' i ysgonlgeld (Uit 2.13)
Source ¥i5oWVaY : ring 7" whe visible lnsuvaaniiia
waaluyae UV leun Deuteri yuaaluaing 160-375 W lung

dnuvasiuiauadlugag visible azfenld Tungsten filament lamp %3 Tungsten/Halogen
lamp Fsarluaslugag 350-2500 wiluwms

2. Monochromator (Wavelength Selector) vunthilwenduasanunaasilnuas
Tnguasagsinudi Entrance slit UALILQNUYNAIY Grating ¥38 Prism Pnuuasiiaen
Adunils 9 wihnfuazesnain Monochromator Tagrumns Exit stit

3. Sample container (Cuvette) iugunsaldmiuldfegaiifeanisasiiasey
Tneaedofinuairlusauas Yanilenldldun Quartz vi3e Fused silica Gealdlunsiiasgy
Tutas UV uazfanidu Silicate glasses axioaldlunsiinsesitn Visible

nansiifuenansiianulidmsunsldnudionsinusibu lieygralhluldselenidunsén

lidnsdilagiiadu dnviavnuiilvdnulasiient wagfasdnadadadvesenasynasaniinisualuly
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[ LK) [y [ o s [l
4. Detector L‘U'LIQ‘LJﬂimﬂW‘WiUﬁi?ﬂ?ﬂktﬁx‘l‘ﬂﬂ?ﬂﬂ?iﬂﬁaEJ’NE]EJﬂll']

2.3.2.1 MIIAMOUNSNUABININ (Band Gap Energy) Innatunasunns
LANTUYDINEN
nmIgenduuatluansisinifinainnsnsidnaseulasundanuainuesii
wé’amuiw;ﬂauqamf'm'wLmuwé’amuéfaaﬁmLLé’?LﬂﬁauamuzmmmmwLau%%ulﬂzjtmuﬁw
Tihanesunmsganfuiasuiniwdsulineulidiesesidnvasdursunansienis
amawaamwvmnﬁ'uumaEimzﬁuﬁ'wuaué’ﬂwmsﬁﬁ'aﬂﬁwaumsq}ﬂﬂﬁuum (Absorption
Edge) wasulwmou (Photon Energy) fvaunIganduasliAvinAUANEITDIIARIEN
voauauihliuazyngegrueduaurnaudeaiidunsainduunuusussliruaundasny
R8I (Energy Gap) 39n15iJums i mRA a9 N UNSIUTDIA1 SRR TIN5 T Y
| X ' a ¢ 5 = P o
pswulisenInsWeunaiuumd (Tauc’s/ plot) - Famspanduuauasnisiuaeu
a <f c} L7 9 [ o Qs £ 4 Y v}
anusvesBlanaseulurnansivinidulyaungniseusathnuuiulaslissiundsau
a d o ¢ o o a & v ¢

9998tanA UL TUTINATUYD e TABNYRIBANATE Y (Wave number) uansmeianieas k Tu
HAUATRLEAIANHZUDILOUNANIHUUILNUUIY A9 LATATY K LaZLULNURIRONEIY
rasBidnasouliasnnlutuudnresdidnaseuiiawviniu p = sk Falulwawnuuaufiaes

Tuusuasdidnnsau
21N 1IAANENRANTNINNTTURBULUA IENTULRBIENRTOUT VI
3 c'p o ddl ] 7 =l < o a‘l’t
PFEAVDUNUILAUT LAz AManveILaudi Wi RliaY k whnuSennsganduuawilaiii
nsganauiinase (Direct absorption) uAthingedaTevUa U LT LAz IMAnTBLY 1)1

= 1 [} . l:‘ «a dl = v Q
W¥dian k ‘lmianu“lunﬁmaauuﬂaqamusmmaLSnmsamwa@,ﬂﬂauuawsmmmﬂaiﬂmau
1 a o v = v =3 L= 3/ 2 =3 o

maT,ﬂEJaLanmaumawmsvgmmmsaumnIﬂ'smanwsamammsau“lmm%iwamsanms

ganduuasviiniinnisganduuiialinss (Indirect absorption)

mimﬂ'wmLmuwé’qmuéfmﬁmﬁﬂWimwlﬁmnﬁuﬂssﬁw%msgﬂnﬁu‘uamm (OL) ve9ansNa

a [ a

ﬁaﬁwsé’uwuﬁﬁumauﬂssaw%n'ﬁmqmumamm (T) ANaNS
T=e* (2.5)

= duUszansnsganiuveauas ( Absorption coefficient)

=N

(7]

a
T = dudszdvdbnismeguuveieas (Transmittance)
I, =a

o = ATUNUEIANNTENULRURALUNS

1, = anadnuamegnnu

d = STUEVNTILAMAUNIS L UREURRLUN
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b.

A

MrauYBINMIANGY (FUN 2:14)
~(hy r (2.6
ahv (h v—E, ) )

Wa Y dwiuunuBugeuniinisaneneandsunuunse (Direct allowed transition)

1l

< 1

dmiuuaudpuninsaneneandsuLuunse (Direct forbidden transition)

I
2
3
2
2 dwiuuouBuveniifinisaneneandenuuuusen (ndirect allowed transition)
3

3 L 8/ L Y o

HMSULAURABIUNLNITAENBANA UL UUSDN (Indirect forbidden transition)
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AA17AD ANUTAATUIMNIATYDILAUNGIIUA BIUTITLAUABIVLUNTINSONeNen

PAIUUUUATY (Y

= 3) laannsideunsaviuuinig (

N

JUT 2.15) uagAuImn

ANuduiussenInduyszninimeaiiuvenasduysednsnisganduveunas uae

v

i unneuleenisunue v leinel

ah

v=A(hv-E,)"
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-
n

absorption coefficient
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1
(nye~{n-E,)

/

4

i & ¥ &
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>
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c
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%
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55

JU#1 2.15 nswindsnulwrieunasdlseansnisgandunelasian,y saeg [11]

2.3.3 MTiATEinIatiaveiiendagansIAuBiinnIauwuYdanIIn

(Scanning Electron.Microscope, SEM)

dwUssnouredaniay SEM  dzgruaasluamil 216 dwuuge Wuunasiude

a d - S a & a d 1 0 a ] v o o
aLanasau 15871 Yusiannsau (Electron Gun) 8Laﬂﬁliau‘ﬂ'}ﬂLWIaﬂﬂ']Luﬂ?]SQﬂL'i\ﬂWLﬂﬁau‘l’lﬁ\‘]

WM mABENY FellanwaIMARIBANUANANGLY (Accelerating Voltage) Tusing 0-30 kv

a { o [ N -
lngfirmnnsiadeuissgnaiuauissauduimaninda (Electromagnetic lens) 2 g w3e

i wazdSinuvesdidnaseurzgnauaulneuewinesiaes (Aperture) viodealn &l

YUINRN 9 AU AUENYUZNTTITTY
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- Electron Gun

« Etlectron Lens
¢ ...~ (181 Condenser)

Spray Aperture

Scan Coils
Magnitication] Scan
Contral [° ]Generator

Final Lens Aperiure
4

Display I

= Detcctor |- = Ampip- CAT |
”\ \‘> e LTRSS
Specimen v
to
Vacuum
Pumps
!

4

gﬂﬁ 2,16 ULa@nen1suI9uves SEM [12]

[

wudwianiWiigagsniiiiendl wudasuauwes (Condenser lens) tiuiniy

:
[ -]

gunsainfiaud Ay igadentsnauniinumanidinnsoy (Electron. optics) \wazidu

<

3 ol

iudiviuihiitudiannseuiiisesnanuvds fa i ug AmuTdaiEnas dauaud
g (Objective lens) Guduaudynaaiing sevimiiluiad idnnseu (Election beam)
Wiluanuufinvesiag Tapilaununeed  (Scan coil) Miuthnsndaddnasouliluvuiia
ﬁ'aaehama‘luv‘ivuﬁniauﬁmﬁauLéﬂq Sz"iaﬁuuﬁﬁwaaﬁ"sasﬁm%nmﬁgnﬁaﬁwﬁmméLﬁﬂmau
i sfndynl (Signal)  Aneq Suvatsuinlunaiitnfy uag SEM eiigunsnidmsu
nvIadudnyan (Detector) wiinsneq naniuaTdslUssarsanwuansuuntiaesely Fely

mATeilaldiemaunuveddulnnideveandlulase

23.4 nslnmeiiuiadaendeanssaiuuuusieznen (AFM)

wdnmahauveusies AFM msiunasawesulsifudulatsuay (Tip) Fadu
Yansuvaswesautiy %zlﬂéi’uﬁaLmummn'luﬁﬂww‘ﬁ’uLLaxaaﬁ’uﬁuﬁwaﬁmq uazLiloiAias
AFM anndaulaneuvausnlasiadessiuunluusfiforinssilunundan ey

sEnIeEauTBINUAINUaNERaNazRIRY lvatulnssemvinlvauisansiaTavus
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VBWTURUJARUS szrdiemuduiusiBaiumisvesduimeunan  uaziuiiivesing
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U L2 d’ 1 dl o L2 5 v 1 L2 &
9REVANNSUULLATDY SPM wazduiiluiain (Probe) tulsznause 3 dumagun 2.17
= & u oW @ | aa wa P
1. Support Chip wsaiwandniain Wudnvauzwiuwanifiaudfiansognaada
v @ vy X Y a o o ¢ v | a
MEuIwImanle Yusgiurilnraunin AFM ¥3083AUTENBULAILAUTEN
2. @ Cantilever w3afudaiia (tip) FsllautRgangula Famnsdmiv
3 luUNSEY AUANNDNADINITUTBNUNIUABNITINILAIDAILTEAULSA 0.007 §19 2000
N/m vi3edusgfuauiild
3. dwnduiite (tip) Teevaluadreunain Silicon w3e Silicon Coat fdnwue
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Fnsvhaudegados AFM T lgeir e ine aaRs sEituly aunsouus
sontdu 2 35 laun

1. Contact Mode \JunasdaituianssuduiisarnUansuvaslUuuituiaiu 9
naeAnaT Teidsvesitine sxhliAsuseiuluuuvesnsiedouigeuuiuiuiatu su
orwiliimuvestnsuiilidaianislisedviaiadndealy lneidldAnanussisgai
vanelesanusduuindmnifisssgiaien Suhlideyannugeesiufindiinldiuensiin
TuanAmgaiuiase

2. Non Contact Mode Jumsdudaiuiizlngliuansunandudasuiuindu
svoznandu 1 luwuadannfuitui (pdefunmslivasiimelfaduione 9 due)
fednvarnmsdudasuuiiseiuluwndminegliiiety wiilosnuarsuvandudaiiuia
Buszardu 9 SohlhiAenmsduresnu SuvdmaldmdygadiaseTaldilindiniel
il lel



26

2.3.5 msinanmaruniulninlaeds Wsweesilnsu (Four point probe)

TumsinAanwinummliin Resistivity: P) veauvisansfiafathansavilflngde
Tunsdifiansawsedliuvansiulisnvasduvidvisniuiivings A Soueem U wasi
#dyfifedanidalvih (Metal contact) ﬁﬂm&J'*;T'aamé'hu‘*uaaLwiamﬂﬁauuumiﬁlusaaé’uﬁa
Tevifia (Ohmic Contact) iilelsinszudlnihannsalvalaedanfuiufinidavewuvansis
nsditidlelausedindunuvisanst v TaduasSanseuaiivasuuvisansiiatani

iasasuasmanmduulid (Resistivity) westusuly sgralsinn
Tnemaluudn lumsufodislbiaunsousnansiediniosnunanuiusdn  uasvilieglu
anmidugunsauvisdndeuld isgasvhliudundnidemeld wasnisvingndudaleiing
Uanevoswvissdnlvainavefivilden wesileiissedudaudransieiniudiliannse
adulUldendulasn  sanimstinuasunaanuevienuiviagelduiusufivinldenn
fafunstadeisitadudymuasifisnty 557ldsvALdeugs Ae 35THSessinsy
(Four points probe) ¥3e 194 9o Gafudsiligsenn yimsdnldieuazazeinausain
Idnaunavesuvisanslidnaziivuingusseddls. Tnstewigorsdsaninsaiauunsiundni
Vinaivihvsusurdnlguashidesdusnosnun Saminudaduitos el dudei
sevduiialoviia ~SdlifudeinwayTagdnde | guasalitldlunisiaungvaaes
Usgnaumedulavzdwiy 4 iy ivasuwvay waveraflavSeiilivareeadugnnn
savEmnsdUEAUS AU TR e uasas i i Tusg1eh it 4 fie A B,
C wazidu D agvefudusyey s'wir 9 du SslumisUfia . v agilansn 0.5 - 1 .
é’x’mam‘lugﬂﬁ 2.18 u.a::aEﬂ,uLtmszm‘uLﬁmﬁuiun"lsi’ﬂ%ﬁmmmsUfciaaﬂssLLam*?i i
\uduuenga @, 1 A uas D vi Tilnssualuaainda Ariduiiieansisialy ludadu D
5\1Lﬁﬂﬁtmﬁumﬂﬂ'i'auLﬁaamtasgni'maanmﬁ%‘a B iag C 1 Anseansfid uazusadu v

matauAuuvnAtEn mAauy i laa naunn

p =tpg [€/cm’] (3.1)

P = Resistivity
t = ThicknessTt

Ps = Sheet resistance
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anmwsnunulnia (Resisivity)

p = t745324 [Q/cm?] (3.2)
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sorudnglninasi iwhitedulrsidnaseuialfwhesaiiade 16.5 v.u. aufaunaiin
FnsTemdsnuesniFBidneseunuuiisunalunssuunndnugannanwdanuaa
yaalnladidnnsouiinld anndsnuvesfediendinuarutuou vinlimsruinTunla
Suinnseushil insgninmileegluarmoussiundsnla ntuilugnmsuiesseud
fosrnouvessnerls ufadeyadu q lagld Software uasgudeya vesnsmiiEFuny
udrtelunside lunudeidlfjaduluinmsdnsnmsduitusesiussmaaiives Ti-0, Ti-
N waz Ti-N-O saudsanunsauensnsaiuesUsinaeendiauielulasiaule

93U 2.19 Wunsuamamsvdnvhaureaniesiiolinsed XPS Taeds $d X-
rays 9849 aluminum #afiAmdsnueyil 1486 ev TWAtuaw wazilosrnousing 9 163y
wasugudluazi e noygaissau-waresadlBannsou 1wngnasnasny lag
ﬁLéﬂmaumm‘ﬁ%Qﬂmwﬁu wazuanseensiua g niudsiluideuty

udeyaivaeniuiifiuvasassowaisaesly aasadlutindnule

* *aka ESCA

XPS
Survey Speetrum
of Pdre Copper
(Cu}

12 540 E )
Binding Energy of ElectronsfeV)

Usual Analysis
Area and Depth

Top 20 atomic layers

UMl 2.19 uamansyiauves XPS [15]
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2.3.7 n159aA1A13UTE (Hardness) uasnagdavasanéavey (Elastic
Modulus) #281r3a4iia Nano-Indentation
[~ [ o v ] =1 P 1
Wumsnagauauniiltusainaluniig nN-mN wagziiaudnnisnaluviig nm
emmn’a’mmmu,%wm%umuﬁﬁaamsmmu.u'us}"lqa 101508 MUAUS AT IR laLduEn
TogldvnawmusauInian Senin “Berkovich” adnelsniinanuwmdey  dwmsudlrudsenav
fi19 9 YBAATDILUARNAFUN 2.20 WalaTuarundninUanusinavzgeliuiilosanniianig

Wasuudasdangu (Elastic displacement) Famaruudseunsadualaainaunis

Pm ax

A

Hardness =

b4 .
< < <

JE A A9 WUNHILUUAIEUDITOENA

Pmax A WIINAZFIEA

dmiunegdavesaninlavigulpdisn anuisafInaAINduTed Stress-Strain

curve waziinludmunaluanisaalull

Tne i Elasticmodulus

m

Ao AAIVITLREAUTINA

A ANMINNTUBNYUAREWINR

Ao Wugegmgnan

?mw
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springs

capacitance
dispiacement
gage

motorized !
stage -

g‘tﬁi 2.20 LLam?huUiznawauﬂ%‘aa Nano-Indentation [16]

elastisch-plastische
Belastung

JUN 2.21 n9mRnNLse ne-Udes vudiuau
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Image Scan Size: 1. 000@m
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winduiuauuivesiidunduanasdieifinySuuanuvuiuuiunszua Weeniinis
wWasuwlaslassaiandnaeluiiaulaeiinissiuiivesesndiausnnTuillsfinuSuiuaiiy
v LUunsELaNnTY nnsideinnnasuliiaunsanazauauantisong o vedilay
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NUAN 9 [2]
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A5ANUUNITIVY

3.1 YURBUVINANUAZDIAKEUSEITU (Nszandlan)

neumIatauiduuluayINAIsiBaiA LAz aIARTBITUI UV BUNYTBeSU
Wi nduazess asadl, asudsanysn waglvduvuiafieliiduiimsdafaninful
WNUSBITUVIBTUNM lVsEULE Y INIAdseInUsImIIndanUsndefudasdinane

b 4

audAfiivesiidudie lumsinagesniusossmiuiifunaunisyiauasetniuiy
sesfuLtiosdusel] Buaniistsesiu Glags\ 'Stide) Udeduaress uardnusnderh
azaaudadeasulefuuuiusesfumstasiimisaseta vdemin  unluurly
Taiisulansenlediiunat 40 uadl Falluvmasdazonesaunisldsansalofingetn
Usrenlossu (Of Water) 8 15 uafl s ahusiusesfuluilvusdendalulnsay
wdrniuiuidusesduiiimaasarnies fesudal undesinfvliludaiuaugamgd
uagaudy iflesed lutadeunsly BwsequdamsihuriusessuiivharuavenaSeuies
wan '11J‘v‘hmsLﬂﬁauﬂéuﬁuﬁlﬁmﬂﬁnLLciusaa'%’uﬁﬁ'lmmazmﬂLLé"J‘L"J’Lﬂunmu'luLﬁu‘lU
wazanaiidevuitiousne iy duvlinaagg, levh vieesdeiiasiad SulmiusuTossu
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wiznullunigusidasiuegedianng

3.2 MIaNan1ILEYINIE UABUZERIINIA

sunisiadeuildulunivusgyaaniadeisalaneiduniusasitauduly
o

[

v . & a ' -3 -
melviegluanizanyyinianissaugs.(High Vacudm) dudfiraglugae 107-10

(]

n
MUy

¢ 3
<

‘mbar tfiafiszannisvuifouvesitduiiadevld esainnisnseguosuialuntvus
geyyne (Residual — Gas) T,ﬂa‘lumsa%’wam'ssqcy:ywmﬂ%‘l‘i'fszﬁuﬁuqmmwmﬂﬁ
Usznaudedlunalse1d (Rotary Pump) uazﬁuﬂonssma (Diffusion Pump) fiRediu
mMyuzgyInemeveuariinngimuaunms UaUn ﬁ’mam‘lugﬂﬁ 3.1 Inalunauduazly
ﬁnﬂaiim%'tﬁaaﬂquﬁ'u’l,umwsqayapmﬂﬁnnmmo’fuussmmﬂv'flummﬁ’usi"wﬂizmm
10 mbar %aamwsndwuﬁﬂmmﬁuﬁlﬁmﬂﬁﬁﬂLLUUﬁ'iﬂﬁ rounagldtiuffanssaneiiean
ausulunuuzgyyinan  10° mbarlvianaseglutimnusy  10°-107 mbarlesg

anusnaurAudunlaaniaTaLuy Cold Cathod Gauge
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3.2.1 %umaumsa%ﬂam'quymﬂmﬁ il

32.1.1 WUaaind Main Breaker fednglwildudszuudnn q ved
Lﬂ%;aaaﬂmma’%qLﬂiu'szwi’ﬂﬂﬂué’uuﬁzsxuumu@unﬁv‘hmwmiwu%uqnﬁywmﬂLfJuﬁu
w¥aniudnaing Rotary el Rotary Pump (unetas 11) ey

32.1.2 1 Roughing Valve (mnetaw 6) tietueamusuldiiauszann 2x10° mbar

3.2.1.3 niuiala Backing Valve (vuneiaw 9) wiouru Diffution Pump
(vaneiay 10) Heater vvienuiiovhnmsiniudunaiUssana 45 uni

3214 Unaind Cooling Diffusion titelviranssuundsifu  (Water
Cooling System) lﬂszuwam"m%'au‘*?'iu%nmﬁwmﬁuﬂmssma

3215 uledmiifuguast 45wl dshmsaiwanmrananniege (High
Vacuum) lumeuzgayamalaeld Diffusion Pump gueinresneanatrugayyInia Litevi
asiulumauzgganmaliegluseivissansanamegwvioogluii 10°-10° mbar

3.2.16 AuaTimilunwusqayimaliaiUssinn 1 x10° mbar Far el

\huAnAudusgel (Base Pressure) foulEanTyiaunIspaeuNdIu1

3.3 2smawedsuilanuislmduaaandlulasa

nspaeuilduurr TION, . Tunasusagganadneds fueniiv-ag-uuniinsoy
alamesa %a'lumu‘iﬁ'af:ﬂxﬁé’n“@mzmmgﬂ*ﬁ' 3.2 ?faﬁswamﬁamwaaﬂlé’ﬁaﬁ tvianglnia
nssuanse gnanpaiussuuindeulaerafnglihavidiusaminn uazsedndliiuan
¥39n3199 (Ground) ﬁunwuzqmcywmﬂu‘h"lmLmﬁangﬂaﬂmﬂﬁwﬁ%ﬂﬂm Tapsuuuaes
alnpazsofuszuvinadominfuieldsuaearmieuiinsuusainlnaeinnis
af]mma%ﬂlm‘laaaumi'nauﬁU%nmﬂwﬁnﬁwﬁ'm%umugﬂ'muuLwiusaq%’uﬁﬁm"fwutwiu
Mafansanyuseuldlasfudusasiuaziitaienansadfainsoreiuimasstslni
wielvidnglnihlunea (Bias Voltage) urtuemila

dmnes (Shutter) Wamsutussninduruiudhansindeuitatissfunisiadou
Mfunulusswiunssuiunmaheuageaiudh (Presputtering) dgunsal Control
Unit ideudafures Mass Flow Controller (MFQ) T#ifafunisvinaruves Mass Flow
Controller tiemuAudaTInsinavesnfaeiiney, sendiauuariulasiou fdgnivug
grynalagAdnsinisivaveuiaasiinuiadiy Standard Cubic Centimeter per Minute
at STP (sccm)
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332 adaiardagndlunvuzaggnadiumaliatlunivuggaygyiniadl
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mandeuiiduduiinArausu Bp Ainla

333  fvuadsnsinslvaufaonsnoy, uRdeendiau wasuialulasiau fivasy
dnuraamaieldlunszuiunsindeulagtfauriugi Control Unit

3.3.4 yhmsUsssufaerineudngninusayanmanueniidivunli

335 Wnhndedulilvaiouiiessuisanuiounddiusine 9 veunisundeu
laun mlnadhansindeunazinaning,

336  doudndlwihavliuneTnasunseitainnszurunisinainasiatuly
ussemavesuiannineu Tnednneidnadatuseninsainafuiuny nsadnmesves

o ¢ a a v P Aoy o ° & a & o
1@a@uu;ﬂaa'ﬁﬂau‘UinﬂJN’]M‘u’Wl'&NL{]'ﬂVlLW LUEJQJIﬂEJ'WUﬁlulﬁmflﬂqil»ﬂaQUV]UU'UUQ']ULWQL{-]U



37

msvhauaveafviithneunsiafieu (Presputtering) Wastuanusnuaseanled finne
wﬁwLﬂmqﬂaaﬂlﬂwnmﬂismm 10 Wifttufinuad (Vpre) uag (pre) fiiintuannload
ﬁma%uawauﬂﬁLﬁai‘ﬁﬁﬂﬁv’qagﬁuswULﬂﬁaU

3.3.7 Gunszuiumsiadeuiidulnndlsneendlulasalaeyhnsuaesufiaoandiau
GE 1uimwu|,°ﬁ'ngn'1‘uusqignpmﬂmmﬂ'wﬁﬁmuﬂﬁwé’amnﬂa'aau,ﬁa 913N9U, 8ONTLAU
waglulasiaudrdszuudssna 30 Junit wdwhnstadmnefidant i lnnidioseen
Wakunsruunisadouiiduasuutunundauiatuinnassrsdndludia (v) Anssualdia
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3.3.8 yhnandeuilduniuaan (t) fifvue
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Object Specification

Target Ti Pure (99.995%)
Substrate Glass slide

Target to substrate distance 50 mm

Base pressure 1.0x10° mbar
Operating pressure ax10” mbar

Argon 110 sccm

Nitrogen 24 sccm

Oxygen 3.6, 8.8,.6 g 7.2 sccm

Current density
Substrate temperature

Deposition time

18 mA/cm”
Room-temperature

60 min.

i ‘ a w 1 < ' s
A191edl 3.2 UgniduundleeldReuluaumuiiiunseiafunnaneiu

Object Specification
Target Ti \Pure (99.995%)
Substrate Glass slide
Target to substrate distance 50 mm

Base pressure 1,0x10% mbar
Operating pressure ax10” mbar
Argon 81 scem
Nitrogen 18 scem

Oxygen 3.6.sccm

Current density
Subsratetempertature

Deposition time

10, 20, 30 wag 35 mA/cm’

Room temperature

60 min.
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Object Specification
Target Ti Pure (99.995%)
Substrate Glass slide
Target to substrate distance 50 mm

Base pressure 1.0x10° mbar
Operating pressure ax10” mbar
Argon 81 sccm
Nitrogen 18 sccm

Oxygen 3.6 scem
Current density 20, mA/cm®
Substrate temperature Room Temperature
Deposition time 60 min
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undly uasitliganduastiueanundunisainuas (Photo detector) LATasiauasayyin
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Anneal at Normal Pressure
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A15H 4.1 AsNLEasAAIYTYSEYesiduunininileueendlulasinvanineteuly

s

AAIUVDIRNADDNTLIU 3.6 - 7.2°sccm

' X a ac 4 A a ¢
ﬂ']ﬂ']'TﬁJ‘U?Ui%‘UENWUN'JWﬁJJU'N"\nﬂLﬂi'tNlJ'E)'JLﬂi']SVI AFM

3.6 sccm A 1.718 nm -
4.8 sccm 1.304 nm
6 sccm 1.235 nm
7.2 sccm 1.148 nm

4.2.2 Wduundlnnidsueendlulpsaiugnienmmuuiunssuaiiuanaaty

MM InANuvgEsEYesiuiastiaTaila Atomic. Force Microscope (3Uf 4.5)
wuhiduiivgnieanamuutunsua 10 mA/cm’ Aayagi 1.718.hm wasasiiutudes 1
AuAAIUNsElaTi R uauls 30 mA/T AtArmingusYresiiauanso el
5.438 nm widugAlagldamuntiunssuad 35 mA/cm’ ndulimadnuvgvszanas
widieuies 1.240 n issanilduiugndneaInmnitunsza 35 mA/cm” S8Rsin1sugn
ﬁqa danalvirndeeTiaal (Kinetic Energies) Tasatsnasesasuuantiuausinl Wéuﬁgn
UgnilAnuuiines 1910 tagsinaanagusvanal SsndRUunuiTouss B, Reng  Uaznns

lagwaniuliinnasfnyinanssnuessalufuume Ugniidnadelasaiiwinuazauta

wimdnuulassaiavuliziuuyvesiidu PeCoSiB wanwilamwusimmsugnilduiianiuduen

[
¢

°c v 2 d \ - . . =
lviftauuanalassainauy Non-Columnar (i8491nA1 Kinetic energies. vaseragn gl

NnmUgnildunaERuI ST sdangy

v
QW oedok

#991NN19998Y09.B. Peng | Amanudsnaa9sULidelidsaansatanlainnish

a8 P~ cada 4 A a '
ANNrsrITvesianvtinmiisusanglulnsaniddasaniainysuanmmmuiiunseua
2 :; a <l A . . :x' :‘2’ [ ] 2%
W 35 ma/em” tudiiaaanian kinetic energies gsannisiinluresdinainisugn duwald

Faudrmuudunniiuly fAuumiegszrsaRafdiidnianad [19]

asiuledn ArpuruwlunsslE azdmals kinetic  energies fANnTY Fapn
. . - L7 ¢=ll a g U o @ § d dl < a ) s <l
kinetic energies undanuiiniuvasingridaadeuiiiewniiusannszvhdeinquasil

] o [y 4 o o P [ ¢d o v a o P
ﬂ']L'UﬁElutlﬂaﬂﬁqllﬂﬂiqLTJ‘U'EN')WQLF’]@'EJU‘VI Wﬁ\‘l\‘ﬂu%au‘/lﬂ'ﬂ'ﬂmﬂﬂ'ﬁLﬂaE)‘LI'Vl [20]
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o'aggsgg

JUN 4.7 anuanspaudyusruasiiany nmiligteendlutssdnugnghg anumvuiny
dl ! QU 2 dl
NILLANLANAINUE@) 10, 1(b) 20, 1c) 130 andr(d) 35 MAZ7EM ATALATDY AFM

i ! a s ) = 4
A5 4.2 s TlanseaeiivgusyyeriaRundlinlsnsandiulasaUanlayeuly

\ =) 2
ANV UL ULRATSHEN. LD - 35 mA/C M

A BSR40 30 TR T AFM
10 midliern: 1.248hm
50 rATem® 3353
3 hA/cm’ 5,438 n
35 A/em’ 1.240%m

4.2.3 Wewudlubwesnesadlulnsanugamepaafm wdurseuanuansieiu
P ¢ AL a4 o« ; .
mﬂmsaLﬂswwmmw?uswaawumﬁaEJLﬂiama Atomic Force Microscope

(UM 4.8) wuinniseueusiegaumall 200 uae 400 C aeldannizusseinaund avdwa

§

Tiduinuvussvesnuiafaudl
WulRgfuiduiegneufaumegamall 200 way 400 °C meldqaanAdiofeuiu

nMsidTuiesdndoy Wawsudusmegnlulaunlausou

megelalikitunisausau wuianuugusEesiauLTuisadnteevinguy




L5

a) T b) ;i

‘VlU'iiEJ'm’]ﬂ‘UﬂGl , (b )200 Cmmmmﬂ,(r) 400 C*nmsmmﬂﬂnm, (d)

400° C MigeysyIn1A uae e) as-grow

AATgsYesiuiidIUINIATsia AT ey AFM
200°C at Room temperature 1.683 nm
200°C at Vaccum 1.364 nm
400°C at Room temperature 1.268 nm
400°C at Vaccum 1.048 nm
As Grow 1.034 nm

Lz = Y o [ ¥ = = R 1 ¥ o £ L% 14
nanstiluenansiavulidmsumsldanuienisdinwivintgy leygnlmhluldusslesimunism

lidnsdilagiiadu Snvivnuiilidnulasiient wazfesddadudvesenalsnnasaniinisunbuly
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4.3 N15ATITIENUADEsYaINaNU inmibeusandlulase

431 Wauualindeueendlulasaiugnieioulvdnduvesufasondiou
wanf1afuNITITIERautideuasvesiiduanunsodinnesildlneinieadlo UV-Vis
spectrophotometer ?fqmmsag\ﬁ']msdqmwmLLa\ﬂﬁ ImﬂﬁhLa?{amsmqmwamawsagj
fiusgann 0%, 30%, 70% uag 80% lneifivdumuuTinnudadiuveuiasendiaud 3.6,
4.8, 6, uar 7.2 sccm muddU (U 4.6) InefiduiiugneneuSinadadiuufasendiau 4.8
sccm azuansdnwarveslaveiiavasviounandunan

NMMaMTeTgEsansavenldmsinUnaeendinuardaaliiduiiaag
Tusslawndstu deilfeautRvesiiduyssavesalud Feilonluusvndldaulufuuas wu
msthlnnidleslaeenledluiadiTianlvanead lulasdmanseind msindouiiiataaiy

waazyiou 3o Tannsduds usy

21=¢1.2 scem

IS

2= 6 sccm

404

Transmittance (% T)

20 4

300 350  AQ0 < 450N 500, | 55016007 650 70051750
Wavelength {nny

JUN 4.9  nymuansmdaduiisgvdnsanuenadukadamesdeuvssuasuesfliauung

Inmileueendlulnsafivaalasdnduauiadilanmneiy

LANIINTUTIE IO IATIWYDTI WO UNGI9Y (Enerey gap) 18TaBtiAIng
deiuvaasAmuINgIsaun1s athv) > =A*(hv-Ey) TnefiAYesinauaundssuas
WauwlawmuuSinaeidesndiausndie deiisdusensiunnidoainisdekin
YDILAS Lm”luﬂémﬁﬂqﬂﬁ’haﬂ%mmuﬁamaaaan%muﬁ 3.6 sccm Wanunsadunmwaule
Lﬁaamnuaqlu'amwsachhwf:aﬂémlﬁ wasfiuSunadndiuniavetondioy 4.8, 6 way
7.2 sccm %ﬁﬁh‘dmdm.l,nuwé’amuaq“?i 2.67 €V, 2.94 eV, uay 3.24 eV B3 unuInIy

g1IAdusadl 450 nm, 400 nm WA 350 nm AR (U7 4.7)
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Energy Gap (eV)
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Oz

a{hoy

vvv —— T T T Y T T T T T

T1 2223 24 29 26 27 26 29 30 31 32 33 34 2%
Eneigy Gap (eV)}

20

TION 30%

a(huy

0,

T T T T T T

20 21 22 23 24 25 26 27

Energy

-------

28 28 30 31 32 33 34 35
GapteV)

JUT 4.10 nvnrsgendusawesiduuisinmiangandlulasanvgnlnglduiaeandia

7 a)306, b) 4.8 uaz-¢) 7.2 scem

o 1 1 1 oy 6 = = sl
M191991 4.4 FIeUAReFInIsasiuTea vesavusiniilgtsendlulasnfivgnlng

J3unaul N doanTaunuanenaiy 3.6 - 7.2 sccm

084 AaRENITARILTRI (9T) Tudhs Visible
3.6 sccm 0%
4.8 sccm 30%
6:scecm 70%
7.2 scem 80%

A1399 4.5 anTuaneaNY T sEresiiRdvsninitigue sadlulnsanugnineusunm

LA AeENBRUTILANGIIN. 3.6 =7:2"scCm
Mo AaUNEsU (eV)
3.6 sccm )
4.8 sccm 2.67 eV
6 sccm 294 eV
7.2 sccm 3.24 eV
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431 Fduunalnnideueendlulasdimirlueufeuiigumaiameldmmsuussen-
nMAUNALATERYYINTA

nsuanleusauneldnnuduussenmaunfiuasagyinia uenanvzdmalv
fdufinsviesusivesmdnlduntuuds nsfidumegisagyinsugnuieusuuwdiluaus
\ieaudou mnmﬁﬂmi@,mnﬁuuaaé’wm%'aaﬁafﬂ UV-Vis Spectrophotometer wuanau
Megennmisinsganauladluyie 300 - 500 nm  La¥IIN AATIEVYDIINUOUNGIU
(Energy gap) 19 lagAnsaamuvsnasnmuInmeaunis a(hv) 2 =A%(hv-Eg) wuin
mathdulusuiounelsianuduussemealnfivargeaniadmaliaigosinuaundsanu

! e‘ e‘ ay o 1 d‘ M v 1 1 ' L Ie‘
firmlasuly lnefdudegenlalaniuniseuoussiiAgesiinduegn 241 eV

widlovnlueufeudigmgd 200 LAY INANUITNENFIDE198IAN
Fovinauaundsaogi 26376V | g mwu fldusognsilaudouse
gaunnil 400 °C A ﬁm& _‘&E/g & ,_QJ’IQLL ”«magjﬁ 2.56 eV
uag 2.54 eV ulm_ﬁﬁ" iy ‘E‘; fo\ a ALAUT OIS 1NN T
losoniulfinearniamy W

-

/ L ,/’ \\ S - \

~ i N w,
2 / \ f
o . -
- ' NG ¥
| w
gq ) C
( (Y
2 Sueng &
18 g {20 (wz) 18 22 u@
2 7
(s
3 N g
e DS
18 20 2 4 26 Gn‘. 20 26 28
o
3
E'.;f(w, 24 28

3Uil .11 nswinsgendunasvesiiduuisimmidensendlulasdiidiunseudouse
gamgll 200 wag 400° C meldannzussemaniuazanyainie (a) 200 C 7
U3IBINAUNG , (b) 200°C ﬁa:y:ynmm () 400° C fiussernaun, (d) 400°C

wa:yzmmﬂ uay e) as-grow mmﬂsm AFM
LEJﬂ?ﬁiuLU‘L!LEJﬂ?ﬁi%ﬁﬁ?ﬁlﬁﬁ?%i‘uﬂﬁi%mum@ﬂﬁﬁﬂ@ﬁL‘Vﬂ‘uu iiJEJ‘L!ZUWG]sLMUWVLUIsU‘inIEJsUUWWUﬂﬁﬂﬂ

lmmmimmau aammmﬂmmtﬂaamam LL@%@@Q@’N@QGQLT\]'T’UENL@ﬂﬁ?'ﬁﬂﬂﬂiﬂ%ﬂﬂ’]iﬂﬂﬂi%
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4.4 nsaszvauvanie v silduunednviiisusendlulasa

4.4.1 Funalnmiueendlulasdiivgnieievlvdndiureufaiunnsaiy

mslieseandinisliligninlaginiasdie 4 - Point Probe Measurement
(35U 4.8) namsianuinfiduiugnlneUsinneendiau 3.6 scem aziidanmdumuliih
ag#l 3.04x10° @-cm uazvziANTUIUTY 5.45 Q-cm AUSIALENTAY 7.2 scem lBeen
TauignsheuTinuesndiautios 4 asiidnumzvedangihiluiuinanmsvefusaiu
Inmflelulasliunediu mndfudensdes 9 Wisuulandutanilihlmihdadudnvae
res¥anUszimesnled iaanfiviinuufasendiausnng asviliesndiauduivesnouves

e

Tnimdtlsuauvuauazlianuisaduivliulasiaule asduanimiliivesiduietuegiv

Qs

pauvoLNdantiauwaslulasiulunly

-//
-/

0.01

15 20 25
Gas ratio O, N(%)

«

sUN 4.12 nstLLammsL1J§ﬂuLL‘anmamwﬁw‘lﬂﬁwaﬂéﬂwmt,ﬁauaaﬂs‘n’lulmﬁﬁﬂgn

MeUSununiaoanILIunaLRnRINY

]
=

A5199 4.6 m'mLLaﬂas-n'mmwﬁﬂﬂﬁwmﬂéuwlwLmLﬁauam%‘lulmﬁqun@henﬁmm

uhdgeandaunalulasiaunuananeiy

814 Aran v
3.6 sccm 3.04x10° Q-cm
4.8 sccm 1.38x10" Q-cm

6 sccm 2.11 Q-cm
7.2 sccm 5.45 Q-cm
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4.5 n1As1Eilsnuseadivasiauutslnimiiisusandlulase

451 Fdnulnndeueendlulnsdiivgnieieuladadiuvesufanuansaiy

n15IRsIediBaussiadvesiiduarunsaviilalasldiadoadle XS (X-ray
Photoelectron Spectro Scopy) I‘umﬁLﬂiﬁsﬁﬂ%\‘iiﬁmﬁuﬁuﬁwm Ti-2p, O-1s, wag N-1s
Faazuanslunsw (U7 4.9) Aanasuves Ti-2p Wusemaaiisswuilesiussues Ti-O
(2ps/, BE= 458.2+ 0.5 eV), dwduailnadu O-1s wdsnubawmilerfinufe 530405 eV
wa 531.5+0.5 eV Fuduvesiusy TiN-O uay Ti-0 muddu wagluiunisanady N-1s
waudawmieafinuie 396.4+0.5 uay 399.3+0.5 Fuduveaiuse Ti-N uway N-O lu TiN

mnms‘iLﬁmsv‘?u“uaIﬂﬂa%ﬁawud'lﬂénﬁﬂqﬂﬁwuﬁaaan%wu 3.6, 4.8, 6 way 7.2
scem tuildnvazvedassaadiindidsstulnnionlnoented saannsiaseidaiused
awnnsu O-1s vxiiifiaduns TRN-O-LasBalunfsd KTs avinussasy TiN tuuansitlu

Hausetsiliingsnesusalaseasindniliagysaiastdnvartvlnviyaylasenled

Intensity (a.u.)

L* W 47 AR

o886 S A0 68 O 7)) IR S U ) s W W & K
Binding Energy (¢V) Binding Energy (¢V) Binding Energy (eV)

gﬂﬁ 4.13 High resolution™@)Fi=2P, (by@-13, Ad (¢) N-1s"kPS spectra vo4aNUN

= n‘& 2/ a & a d' 1 (%
Inndlsueandlulasanignmedswenfidoandiaununnsneiu

452  Wauuslmnideueendlulasdiugniedeuluemamumunuiunssuai
wanenetu dmsunslieseidatusemaaiivesiiduannsevilalagldinsosile XPS (Xray
Photoelectron Spectroscopy) lumsTnsizsindsiiazuiuluiiwuszues Ti2p, O-1s, wae N-1s
Feazuandluzud 4.9 Tusumia Ti-2p Wusgmaainmuniianusanuldie Ti-N (2p,, BE=
454.7+ 0.2 eV), Ti-O (2ps/, BE= 458.2+ 0.2 eV), wag Ti-N-O (2ps,, BE= 456.0+ 0.2 eV)
dwsuaunadu O-1s ndsnubawileafinue 530.4+0.2 uag 531.5+0.2 eV Feaunsauen

Tonduiuseras TEN-O, Ti-O  dmsuiAreanusy. T-N-O ENUANEIUEAMTEIN
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- U 1 U d A
5335+0.2 eV WaraNNITHATIERaUNAsY N-1s ENUAMEINUEANTEEIN 396.9+0.2 eV
way 397.4+0.2 eV eanunsasieulaindunuseves Ti-N wagTi-N-O
a L3 I A 1l - U (7 =3 A a ¢
NNANITIATIEHIENUININTIUAE UL AU BINALAB ATNS 1 UE NN VD INANY
A w L2 -, A 1
\@oupsnunnfinvesiusendnde Ti-N-O, Ti-N, uag Ti-O WaunugnameaumuIwiy
2 @ e o 2 a
nszUa 10 mA/cm” ATUARLNEINAYDIRUSE Ti-O WintuLieeany 10 mA/cm” JUSunn
1 A U U o ﬂl = L2
svpeulninidsuvgaesnuiliiisiwefiszduivesneunialulasiau Faundudidnymgyes
a v W & v & | % o0 8 va 2 aa RS
srouvadlnimiilouazduiueandiaulasininFavinlen 10 mA/em”  TNEIN1SIUFRIVDY
@ & & e a ' a 2 P @
WusE Ti-O WU LazLioiuUSUIUAIUNLILLUNTERAT 20 MA/cm” 9LLSULARINUSY
' a F va @ a °
984 Ti-0, Ti-N-0 219 JUNIIEAUNUIUUNTEUENUNVUAIHA IAINE I UNINNO NI

a ¥ v v a a
pandlaunsouiule WatiuuTuiu

9 sgnaulnmilsuanndunusesdiuoebutnsieums

] [

mwwumuunszuat A/c

uufe Ti-N-O, T {2 Ti=0 o

1y 5 ‘ u P T - ‘. = gl d

YDINUSENY 3 PEANTATLIREIaN v HAYEN sy TN FellAT NITH eI gInIaNUgn
PEANUNLMULNTZ LA 30 A7
-

A997%917N

ANBITIATISAEN.

14
=

AN ‘
iintupg1eauysel

a Ad '
- uﬁ\gﬂ PUUY

PS-iamsauanld
e
i-N-O

NO LAYLS aﬁw ity W S, Sag
: R AV \* G0
Feaondgsfiuniugs XBD Meaiansitanasifist

0 , h'"&v —' % .

L3

nseua gNls

'jWWéiJ‘l?l"Uq )6 L‘Eé"w LY i ‘; 1199 ‘i!-,- LS
@ ) 3

\J RS o
VoV,
YoYe, \ q‘(*

~

.S
0

4 L

O
[ A
%)
Prug V-

ekt %

Intensity {a.u.)

35 mA/em?

7°",
~ » Vo
fossterrelestrncnarsasnrnnedy [0 TS
ot o A e O TS ) O Y| bakbicdadoil ot bact

451 454 457 460 463 526 528 530 532 534 536 392 394 396 308 400 402 404
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

gﬂﬁ 4.13 High resolution (a) Ti-2P, (b) O-1s, and (c) N-1s XPS spectra UasWauu14

a a ' o '
P lmml.umiaaﬂ%'lulm UANAIEAIUNUILUUNTELENILA om%ly o y
wnansifuenansvasuliansunis s wansAnevuy etaa i lldUselosdsunsin

%

ludnsallagsau Snvivhudlvidawdasilon wazsesedadadivesenarsynasainisinluly
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4.6 n15AATIIAMNLIYasaNUndenaandlulase

s a a v - ' a0
4.6.1 WanuvnlnnileuesndlulnsanugnimeReulvaruvuiuiunssuandsing
a ¢ < a ¢ ° v P I3
Tunsiwsiganuwdavasiauursanunsavinlalaeldinsesiionaaauuda nano-
. . d 1 1 (2 =] ﬂl ﬂv =3
indention 1NN (FUN 4.14) zwudnAnuudawesilduinisiiuiugin 5.97 GPa fis
=% 1 2 o U 1 1 L2
12.63 GPa MuUTHUAINVUILLUNTELE 10 - 35 mA/cm” MINEIAY dIuALegaaves
- ' 5 o X = o '
anmeaveu (Elastic modulus) aziNAUaIN 87.39 GPa i1 123.29 GPa finumuuuy
2 A a ' 20 @
nsEua 10 - 30 mA/cm” usiillaiiuanuvuiwiunszuady 35 mA/cm” Auegdavesanw
gavguaranandntios 115.81 GPa (3U7 4.15)

b J 2 a Y
PINHAVDY XPS  way XRD paaflaui 35 mA/em” Answesusadu
v a W [ ¢ al 6 @ 1 @ a e
IﬂiﬂaiWQLLagﬂlWUﬁSLUu\l ULRIAN }eimmuu qﬂ'J'TNLL‘ZNﬂJ']ﬂVI?!ﬂLLﬂNﬂW
WBQIAvRIANNEAVENGATY \\\&\ /%///
=, =
Fle E o’ \
V[ BB A 2 Y
2201- Y, D F
i N d 5 FA%%%0 | 7
i y (£ A ) /) QAR :’;%:
wdll 3 ARZZITNN r/ 252510
17 .- ﬁ' ot / T i e 0f ?;:
1 2 <4 =
| BT Ljumn : t
1 ‘-la\ [\L | g 4
1 3 3 toben s
g E G A PAES ”p ‘ N {935 &
g L & AL i Il @ &=
00 n A (44 ) T & (7 Ciea Pl
800 )fi E‘ ‘\ u::‘
B : o2 I
500 —
E 7 AV ANl
;gﬁ 3 Z rdh= i 74 oY
200 7 [ 1( 1/; Ql LY
- R R N
107 00 100 200 300 &0 10 800 900 135
nm

d 1 ﬂ.‘ e '
UM 4.14 nILARILITINAYABEUNTUIUAIBE

] N ¥ o [ ¥ = = "3 1 Y o v 6 Y 1%
nansiiluenarsianulidmsumsldanuienisfinwvinuu Weygalmhlulduselesimunism

lidnsdilagiiadu dnviavnuiilvdnulasilent wagfasdadadadvesenarsynasaninisualuly
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T T T |
14
N N L 125
] *— - AN O [
12 / —O/\{ - 120
] / e i
10 ///O * L 115 &
_— T /” L Q.
& | 7 110 €
g 8 B //’// [ g
@ 7/ -105 3
Q 6 e / - o)
§ . ) / - 100 E
® 1 / @) Hardness 2
I 4 ] / 95 £
/ . o
/ Elastic w
2 | / - 90
* modulus I
1 - 85
0
1 M 1 1 i ¥
10 20 30 40

Current density (mA/cm?)

P v o § 1 ' 4 1 Y] <t v a ¢
3‘1]1’! 4.15 ﬂ‘i']WLLﬂﬂQﬂ'J']NﬁﬁJWUSSSWJ'Nﬂ']ﬂ’JWﬂJLL"U\‘iLLaL’ﬂWNaQaﬁ‘UBQﬁﬂWWEJﬂ‘V]EJU‘U@\‘lWﬁJJ

U'N1‘VI1‘VILﬁauaaﬂ“ﬁluIﬂiﬁﬁUQﬂIﬂEJﬂ'J'IN‘Vi‘L!']LLﬁUﬂiSLLﬁﬁLLﬂﬂﬁi'NﬁIu

4.7 msinvesiaulmmdsusandlulasslundasdayly

a.7.1 Walnnidensendlilesdignimeuinadadmuiasoniauselulnsiou
funnsinaiy

mqun?\la‘ué‘haeh:fluﬁau‘lmﬁﬁwﬁwé’ﬂwﬂwsgnﬁwumﬁﬁ 300 W @mdns1n1g
Tnaveauffaoondnuazgniminlifiaenitu 3.6, 4.8, 6 uway 7.2 scem Tuvnisignsnnisiva
veufalulnsiauuazosneuvsgnimundiudasaci mnmsﬂqnﬂﬁ'uﬁaadwaﬁl*ﬁé’mswms
navesufieondian 36 sem wuiidnillassasradnvedhindeniulasuaslnndols
panled uwsrzinlusngiinnssurunisalninesefaedimiuruiuuuunseua 18
mA/cm’ v liiviinaesaeuyetlnimdeiiivga e indalivdinamils ndeudauia
‘luimwuﬁgnﬂdaaLﬁwuﬂuﬁaaLﬂﬁauﬁ'«mmﬂﬁaLﬂulaaau?faawmsnwlﬂﬁ'uﬁaﬁuazmamaa
Tflenld wdandusiedesufaesndiou 3.6 scem WanlussuuhliuRaesndian
Wansuandudulessu sauffvesnenveslmiivnuazeznouvesiulasiay AR
asiedeukarvuiivesusesfulRaduRdulnmitoueendlulnse ualumandufuiidy
é'hasiw?iﬂqnéhau%mml,ﬁaaaﬂ%wu 4.8 - 7.2 sccm dwalviiufaoandiaunansaiu
lessuluviutnuiniiuly FwinlWesnensendisulusuiveznsuvadlmmionaunun
iesneendiauansnviufiseldlnitlulasien Juihlsiussdrulngifudu 10 us

MnNa XPS @wnsauenlainiiwuszres Ti-N-O uas TiN agludnsauiives
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4.7.2 WémlwLmﬁwaan%‘lﬂmﬁﬁﬂgﬂﬁuammwwumﬁunssLLaﬁLLmnmaﬁu

Tuidoulvildnsnisudesufaensneunazufiaujniser (ulnsiou, sendiaw) azgn
vualivdesludsaai Amnusunuiunszuaszgniisduan 10 mA/cm’ Tuauds 35
mA/cm’ Farmnamunutunsyudsrdmalfatnneseyneuindinuaatiinniy Sidwase
gnsINsiAda Uy uanmﬂﬁs‘fqdawas{w%mmazmaw?'i‘mqmaanmmmﬁwamﬂﬁauﬁnﬁw
mnmﬁmswﬁwudﬂéuﬁ’aashm?iﬂqniﬂa“lft?mﬂmwmLLu'unssLLa 10 mA/cm” filAseadns
gaslnnileulasenledviniy ieswndiAumunuiunssua 10 mA/em’ findanulsiites
woftarvih liuSumermeuvaslnmieunanandrluuiuaunld dwmalderneuves
Tnndleuszludusiuermesveseandiauannninlulasiau Jadunsddiertuiidusiedred
UgnlneRevlvdnduufiaoenguendB—7-2-scem
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Abstract. In this work, titaniumoxynitride (TiOxN,) thin films were deposited~on ‘glass slide
substrates by using reactive dc magnetron sputtering technique.. The reactive gas ratios between O,
and N, were studied in the range of 15-30% with a constant of Ar.gas-at 110 sccm and a time of 120
minutes. Microstructure, optical, and electrical properties of TiO.Nj thin.films were analysis by
using SEM, AFM, GIXRD, UV-VIS spectrophotometer; and 4-point probe. measurements. We
found that the thickness of the films decreases from 1.0 to 0.8 pm by-increasing of O, gas ratios.
The TiOxNy thin films have smooth surface related to-small nano-grain size. The roughness of the
films slightly decreases when O3 gas ratios increase. From optical transmission spectra, we
observed that the transparent of the films-increases with different O, gas-ratio and shifts the band
gap from 2.67 to 3.32 V. The resistivity of the films obviously increases from 3:04 x 10°Q-cm to
5.45 Q-cm depending on O, gas ratio. These results indicate the phase changes of the TiON, films
from metallic to oxide phases. The XRD spectra show poor crystalline TiN (220) and TiO, (021) at
15% .of O, ratio and then the films become amorphous structure by increasing the O, gases. The
0,:N; gas ratios also affects to the different concentration of oxygen and nitrogen into the TiONy
thin films that lead to the various structural, optical and electrical properties.

Introduction

At present, titanium oxynitride (TiO.N,) thin film has been extensively investigated due to its
physico-chemical properties, such as hardness, durability, corrosion resistance, photo catalytic
activity, which make this material suitable in wide range of application like cutting tools, MEMS,
solar reflector, solar cell [1]. The TiOxN, thin films exhibit the combination of properties of TiO,
and TiN thin films. TiN thin films are mastly used as protective and. decorative coatings because of
their physical wear resistance and their golden color [2]. In addition, TiN thin films have been used
as diffusion barriers due to their thermodynamic stability [3]. While TiO, thin films have several
potential applications in microelectronics, such.as anti-reflectioncoatings, optical filters, integrated
optical chemical sensors and optical waveguides because of their high transmittance in the visible
spectral range, high refractive index, and their chemical and thermal stability [4]. In another
application, TiO; is a widely used biocompatible material due to the possibility to modify and
control the surface wettability of biological materials. Therefore alterations of wetting behavior are
of great importance for its biomedical application [5]. In previous experiments, Sushant K. Rawal et
al. was study effect of ambient gas on structural and optical properties of titanium oxynitride films
they found that the titanium oxynitride films are hydrophobic by nature without losing transparency
of films and contact angle increases with the increase in surface roughness. Transmittance of 97%
in the visible region of the spectrum was achieved for films deposited in low oxygen partial
pressure along with increase in band gap value with increase in oxygen partial pressure [6]. P.K.
Barhai et al. was study of the effect of plasma current density on the formation of titanium nitride
and titanium oxynitride thin films prepared by reactive DC magnetron sputtering they found plasma
current density can produce of controlled hardness, resistivity and color of titanium nitride and

All rights reserved. No part of conients of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (ID: 161.246,233.140-11/06/15,19:22:30)
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oxynitride films. Thus the oxygen content in the films was also found to be responsible for the
change in crystal orientation, resistivity [6, 7].

In this work, the reactive gases between O, and N, were investigated in order to observe the
phase changes between TiN and TiO,, optical and electrical properties of TiOxNy thin films. The
reactive dc magnetron sputtering technique was chosen by varying O;:Nj; ratio of reactive gas while
the Ar flow rate was maintained.

Experimental details

TiOxN, thin films were prepared on 2.5x7.5 cm® glass slide substrate, using dc reactive
magnetron sputtering technique. The substrates were firstly cleaned with soapy water, followed by
immersed in NaOH solution, ultrasonic cleaned with deionize water (DI) and blown dry with N,
gas. The target material of titanium having a diameter of 3 inch and a purity of 99.995% was used
to deposit the TiO.Njy films. Before the deposition.process, the sputtering system was evacuated
down to base pressure of 1x10 mbar, followed by flushed-with uitra-high purity argon gas, and
pre-sputtered for 10 minute for removing contamination and oxide on-its-target surface. Ultra-high
purity of N and O, gases were used as reactive gases, while Ar gas was kept constant at the flow
rate of 110 sccm. The deposition 'was carried-out at working pressure of 4 x10™ mbar and deposition
time of 2 hours. The O,:N; flow rates of 15%, 20%, 25%, and 30% in_the deposition process were
investigated.

Measurements

The evolutions of TiOxNy thin film on reactive gas ratios were analyzed by grazing incidence X-
ray diffraction (GIXRD, BRUKERAXS:D8DISCOVER). Surface morphology and thickness of the
films were obtained by atomic force microscopy (AFM models Park System XE100), and scanning
electron microscope (SEM EVO MA10), respectively. The optical transmittance and electrical
resistivity analysis of the deposited film was done by using UV-Vis spectrometer (SHIMADZU
UV-3600) and 4-point probe measurement.

Results and Discussion

Structural analysis

The GIXRD pattern of the deposited films with O5:N; gas ratios of 15%, 20%;25%, and 30% are
shown in Fig. 1, the crystalline structure of the deposited films was referenced by the pcpdfwin data
tables. The deposited film using 15%. 05 gas ratio can be observed peaks at 31.38°, 37.45°, 43.59°
and 63.34°, corresponding to (111), (021),(200) and (220) plane of stoichiometric TiO,, TiN, and
TizN, respectively. However, the films become amorphous structure with increasing of O, gas ratio
at 20%, 25% and 30%. This result suggests that O, is more reactive than N, and effectively
combines with Ti to form TiO,. So that we can control the TiOxNy with nitrogen-rich by using
0,:N; gas ratio lower than 15%. The film surfaces obtained by AFM are shown in Fig. 2. We found
that the films have smooth surface and show small nano-grain sizes that exhibit the poor crystalline
(unseen peak in XRD spectra). The roughness of the films slightly decreases from 1.718 to 1.148
nm when we increase the O, gas ratio. The film thicknesses are between 0.8—1pum measured by
SEM but the results are not shown in this paper.
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Fig.1. GI-XRD spectra of deposited films prepared by-different.O,:N5gas ratio: (a) 15%, (b) 20%, (c) 25% and
(d) 30%

Fig.2. AFM images of the titaniurmoxynitride films deposition, with using Oy:N, gasfatio at (A) 15%, (B) 20%,
(G) 25%and (B)30%

Optical property

The transmittance of TiOxNy films was analysis by using UV-Vis spectrophotometer as shown in
Fig. 4. The average transmissions of the films are 0%, 30%, 70% and 80%, by using O,:N, gas ratio
of 15%, 20%, 25%, and 30%, respectively. At 15% gas ratio, the film exhibits metal characteristic
that reflects all of incident light. The higher O,:N, gas ratio is the better transmission due to the
formation of TiO,. The optical absorbance of the films calculated from its transmission and
thickness is shown in Fig. 4, by using the equation of a(hv)*=A? (hv-Ey), the energy band gap can
be obtained. The energy gap of TiOxN, films depends on the O,:N; gas ratio in the deposition
process. By increasing the ratio of O to N, the band gaps are 2.67 €V, 2.94 eV, and 3.44 eV or the
cut-off wavelength at 450 nm, 400 nm and 350 nm, respectively. This result suggests that, when we
increase O2:N; gas ratio, the films have more transparent and shift to the higher energy band gap
along with O,:N; gas ratio.
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Conclusions

In conclusion, O2:N; gas ratio in reactive dc magnetron sputtering is the important parameter for
deposited TiOxNy thin film. The structural, optical, and electrical properties depend on the phase
changes from nitrogen-rich (O,:N; ratio < 15%) to oxygen-rich (0,:N; ratio = 20%). We found the
crystallinity on the film with using O3:N; 15% gas ratio and become amorphous with increasing O,
structure. Because O, is more reactive than N, and effectively combines with Ti to form TiO,. The
film has small nano-grain sizes that exhibit the poor crystalline due to the roughness and thickness
of the film also decreases along with increasing O,:N; ratio = 20%. On the other hand increasing
03:N; ratio 15% to 30% will shift energy band gap and increasing the transmittance of the films.
From the resistivity result we found that the film with nitrogen-rich exhibits metallic behavior
whiles the film with oxygen-rich exhibits semiconductor The results indicate that we can control the
formation of TiOxNy thin film using O,:N; gas ratio and obtain the desired crystal structure, optical
transparent, band gap and resistivity.
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Abstract

In this work, the formation of titanium oxynitride (TiO.N,) thin films during a reactive dc magnetron
sputtering process was investigated. TiOsNy thin films were deposited on glass substrates from Ti
target at different sputtering current density, using O, and N, as reactive gases. The structural, surface
morphology, chemical-bonding and mechanical properties.were analyzed by grazing incident X-ray
diffraction (GIXRD), atomic force microscope (AFM), X-ray photoelectron spectroscopy (XPS), and
nano-indentation techniques, respectively. The GIXRD spectra show the amorphous structure and
polycrystalline structure with the increasing of the current density. We found that the peaks shift to the
lower angle due to the nitrogen incorporation into the crystal lattice. The roughness of the films
increases along with the increasing of current density. The convolution of XPS spectra of the films
reveals the formation of TiO;, TiON, and TiN by considering the Ti-2p, O-1s, and N-1s core levels.
These results indicate ‘that the current density-affects the formation of ‘the TiO«Njy thin films. The
hardness and elastic modulus obtained by nano-indentation are in the range of 5.97-12.63 GPa and 85-
120 GPa, respectively.-The mechanical property of the films relates the crystal structure and the
chemical state. The increasing of current density enhances the formation of titanium nitride structure
and increases the hardness of TiOgNy thin films. A formation mechanism is introduced by a growth

model of reactive magnetron sputtering.

Keywords: Titanium oxynitride, reactive magnetron sputtering, mechanical properties

Introduction

During the last decade, titanium oxynitrides
(TiOxNy) films have attracted much attention owing to
their optical, electrical and mechanical properties [1].
This material is suitable for a large variety of
applications such as anti-reflective.. coating,
biomaterials and thin film resistors [2-4]. The tunable
of nitrogen and oxygen in the oxynitride films have
obtained a range of functional materials with
technological importance. Recently, TiO.N, film is a
candidate used as a diffusion barrier in electronic
devices, which should have a combination of both the
metal oxide (TiO,) and the metal nitride (TiN)
properties [S]. The mechanical and electrical
properties of TiO,N, film corresponds to the N/O
content into the film. Several methods have been
reported for the preparation of metal oxynitride film
including physical vapor deposition [6], chemical
vapor deposition [7], arc deposition [8]. Among these
methods, reactive dc magnetron sputtering is mostly
used for the deposition of these films, because the
process can easily be scaled up from the laboratory to
large-scale industrial.

In previous works, Mu-Hsuan Chan reported that
titanium oxynitride (TiO,N,) films were prepared by

dc_magnetron sputtering using air/Ar mixtures and
N5/O, ratios [9]. XPS analyses revealed that all the
prepared TiOxN,, films comprised Ti-N, Ti-N-O, and
Ti-O 'chemical states. P.K. Barhai reported that
titanium ‘nitride and titanium oxynitride films were
deposited by varying the plasma current density from
10mA/cm* to’\40mA/cm® using dc magnetron
sputtering at constant-gas flow rate and deposition
time [10]. Harduness and Young Modulus of the films
were found to decrease from 17.49GPa to 7.05GPa
and 319.58GPa to 246.77GPa respectively with
increasing plasma current density. This variation of
hardness and Young Modulus of the films can be
speculated due to change in crystal orientation caused
by oxygen incorporation in the films. The film
resistivity increased from 16.46x10™ to 3.28x10™
Q.cm for increasing plasma current density. However,
the plasma current density is complex for
measurement and that use electrical probe for
measuring plasma with high cost system. In this work,
we study the current density defined by the output
current of dc power supply divided by the area of
sputtering target that is simple to evaluate and it is
easily scalability. In addition the formation
mechanism is introduces to explain the growth of
titanium 7 oxynitride © film!'by. " 'using -’ dc/ ' reactive
magnetron sputtering.



Materials and Methods

TiOxN, thin films were deposited on glass slide
substrates by dc reactive magnetron sputtering
process. The substrate was cleaned with detergent and
sodium hydroxide solutions. After that, it was
ultrasonically cleaned with deionize water (DI) and
blown dry with nitrogen gas. The high purity titanium
target (99.995%) with diameter of 3 inch was used in
the deposition of TiOxN, films. Prior to the deposition
process, the vacuum system was evacuated up to a
base pressure of 6x10™ mbar, followed by pre-sputter
cleaning for removing oxide/nitride on its target
surface. Ultra-high purity nitrogen and oxygen gases
were used at constant flow rates of 18sccm and 5.4
sccm, respectively. The working pressure and
deposition time were control at 4x10~mbar..and=60
minutes, respectively. Four different current-densities
(10, 20, 30, and 35mA/cm’) of“de”Power supply
(Advanced Energy Pinnacle MDX) were inveéstigated.
The crystal structures of .the” deposited-films. were
analyzed by grazing ingidence X-ray ~diffraction
(GIXRD, BRUKER AXS8: D8 DISCOVER), Surface
morphology of the films was-ebtainied by atomic force
microscopy (AFM models Park Systems XE100):The
chemical compositions= were ¢ investigated™ ~by
deconvoluting X-ray photeelectron . spectroscopy
(XPS, AXIS Ultra DED) spectra..The hardness;and
Young’s modulus ‘analysisywas done by using Nano~
indentation (Hysitron:. Triboindentor).

Results.and Discussion

Structural analysis and surface morphology

The XRD patterns”of, the films depostied” at
different current densitiespof 105-20y 30)/and 35
mA/cm® are shown in Figil,”The film déposited at
current density of [0mA/cm? shows amorphdus
structure. It may be the'titanium” dioxide “structure
because of an oxygen-rich fremythe high ratio of the
reaction gas, restraining the formation of crystalline
phases. Then the films change tow polycrystaltine
structure with the increasing of current density from
20mA/cm’ to 35mA/cm’. The crystal structure of the
deposited films was compared with TiN structure
using the JCPDS card No. 38-1420. Note that, it does
not have a reference of titanium oxynitride spectra
from JCPDS file. The preferred orientation of the
films deposited at 20mA/cm” and 30mA/cm’ shows
(200) whereas the deposited at 35mA/cm’ shows
(111) texture. However, the XRD peak positions of
the films shift from TiN positions that can be implied
the oxygen incorporation in crystal lattice of TiN
structure. A little shift of XRD is found at the higher
current density. In our discussion, the crystal structure
of the deposited films corresponds to the current
density in dc reactive magnetron sputtering process.
The current density directly affects to the kinetic
energy and:the number of sputtered: ion species (Ti")
released from . target, and then reacted with reactive
jon’ species “(NT/N, " and 1070, )0 Oxygen 1ions | are

i

usually more reactive than nitrogen ions, so if number
of oxygen atoms is near to double of Ti" ions it
energetically leads to formation of respective oxides.
The films change to TiN with the increasing of
current density from 20mA/cm’ to 35mA/cm’ because
the increasing of number Ti" ions available combines
with nitrogen ions which have high ration to the
oxygen ions.

The AFM images of the deposited film at
varying current densities are in Fig.2. The images of
the films were acquired in a 2um x 2um area. The
deposited conditions influence the surface energy and
strain energy of grains formed in the thin films. The
competition between surface energy and strain energy
during film growth contribute to the changes in
texture of the grains. Film deposited at 10 mA/cm’
shows ‘smeoth surface with the root mean square
roughness“of 1"216nm. It was due to the amorphous
structure that exhibits a small grain size. With
increase-in current density, the grain size and surface
rolighness_increase because, the morphology becomes
more _cryStalline( -It-would\be, explained by the grain
growth with-preferred orientation of the deposited
film. ‘With “inerease in sputtering power or current
density;, adatemr imobility and, the deposition rate
increases,. contributing to growth ‘of crystalline size
and’ higher surface toughness of the films. The
preferred-orientation of (200)was found in the films
deposited”at 20mAZcm>and 30mA/em’. The surface
roughness lincreases 'with -therincreasing of current
dersity™ from \d OmA /e’ fo 30mAfcm’ as seen in
Tab.1..However, the preferred-orientation of (111) in
the 7 filin ¢ depositedat ) 35mA/em”  decrease the
roughness to 1:240nm,

35 Ared) . 3 § a
W) ol BPL B —— A /)" . S A
= S
~ \
= 20MA/cm ‘
g A 1|
8 g \_
2
10mAkm" Amorphous
IIN
JCPDS 38-1420
T T T T T
10 20 30 40 50 60 70

20|degree]|

Figure 1. X-ray diffraction patterns of TiO\N, thin
films in various current densities.

Table 1: Roughness of the TiON, films from AFM
analysis

Current density (mA/cmf) Roughness (nm)
10 1.216
20 3353
30 5.438
35 1.240
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Figure 2. AFM images of the titanium oxynitride
films deposition with using current density (a) 10
mA/cm?, (b) 20 mA/cm?, (c) 30 mA/em?, and (d) 35
mA/cm’

Chemical bonding analysis

The convolutions of Ti-2p; O-1s, and. N=is“XPS
spectra of the films prepared by different current
densities are shown in/Fig. 3=(a);=(b); and (c),
respectively. From XPS/analysis-of Ti-2p speetta, we
found chemical statgs that correspondsto TiN.(2p4s
BE=454.7¢V), Ti-OA2p;2BE= 458 26V {944}, and
Ti-N-O (2p;, BE=/456.0eV ), [9.-1 1]} as shown in-Fig.
3(a). In Fig. 3(b), the>ccharacteristic peaks .of O-1s
spectra would be/ considered .to Ti-N-O, and: Ti-O
chemical states ‘at the-binding energies-of 530.4eV:
and 531.5eV, respectively. (In'-Fig-'3(¢) the /N-1s
spectra show at| the binding’ energy. 0f.396.9¢V and
397.4eV that were assigned to Ti-N and, Ti-N-O
chemical states [9, 1. From the Ti-2p.spectra, the
film using current density at 10mA/em’ significantly
shows Ti-O chemical state.that corresponds <o/ the
titanium dioxide composition. The-peak intensity, of
Ti-O decreases with thelincreasing of current'density,
whereas the intensity of \Ii-OsN and“Pi-N, incrcase
with the increasing of current density. This-result
indicates the formation of\, TiONy//thin films by
determining the Ti-O-N chemical ‘state.” From the O-
1s spectra, we found a slightly Ti-O=N chemical state
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at 10mA/cm’. The intensity of Ti-O-N state increases
with the increasing of current density from 20mA/cm’
to 35mA/cm’. From the N-1s spectra, Titanium nitride
becomes dominant at the higher current density. The
XPS results are consistent with XRD results and
relate to the microstructure of the films. At the current
density of 10mA/cm’ the film shows amorphous
structure with chemical bonding of Ti-O. The most
structure of the film is titanium dioxide. At the current
density of 20, 30, and 35mA/cm’, the films have a
complex structure consisting of titanium dioxide,
titanium oxynitride and titanium nitride. We found
XRD peak nearly to the TiN by peak shifts to the
lower angle due to the increase of nitrogen content
into the films. XPS analysis can be used to describe
the formation mechanism of titanium oxide, titanium
oxynitride.and titanium nitride films. The single phase
of titaniumeexvynitride film is very difficult to deposit
by sreactive magnetron sputtering due to the
competition of three different structures.

Mechanical analysis

The variation-of hardness and elastic modulus of the
deposited films-4s shown in\ Rig.4. The hardness
increases,| from (3.97GPa._to 12.63GPa with the
increasing. of | current’ density from 10mA/cm’ to
35mA/em?, and-the elastic modulus also increases
from.87.39GPa t0-123.29GPa (current density 10-30
mA/cm?) and - thei slightl?/ decreases to 115.81GPa
(cwrrent-density 35mA/cm’). The hardness of TiO.N,
is_in the range<of the report by P.K . Barhai [9]. The
hardness and elastic modulus;of the deposited films
can/be (explained by erystal-structure and chemical
states:The hardness_of TiN.is /strongest compared
with TiO Ny and.Ti0,. Alse, the/increasing of current
density )enhances-the TiOgN, and TiN structures that
increasg’ -the hardnessivof /'the deposited films.
Howevet, the/nitrogén-rich” TiN,O, film is lost of
optical.transparent-dnd resistivity. It has been used as
a diffusion. darrier/ " electronic devices and

biomaterials, whilethe oxygen-rich TiN,O, film has
been applied«in_anti-reflective coating and thin film
resistors [1-21.

Intensity (a.u.)

1
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451 454 457 460
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532 534 536 392 394 396 398 400 402 404
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Figure 3. High resolution (a) Ti-2p, (b) N-1s, and (c) O-1s XPS spectra of the film prepared by using different
current densities of 10mA/cm?; 20mA/cm?; 30mA/cm?; and 35mA/ent’. (top to down):
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Figure 4. Variations of (a) Hardness and (b) Elastic

modulus of deposited films prepared with different
current densities.

Formation mechanism

The formation mechanism/of TiONy-strueture.is
introduced by a growth model of reactive-magnetron
sputtering process. Reactive gases (N, afidy O3)
become reactive in/ a’ plasma-discharge  dueto
collisions with energetic particles=and _subsequent
dissociation into atomic_neuttal (e.g. N and~Q).and
charged (e.g. N, Nj N”', and 0%, 07,20 ) Fhernthe
most of energetic Ti pdrticles (neutral and ion species)
release from the targetby. Ar ions-bombardment and
they are combined with the| reactiverneutral and
charge particles on the sabstrate.—The increasing<of
current density enhances’ the: number-.of -¢nergetic
particles and the kinetie-energy of‘charge and @aeuatral
particles. The number ‘of, charge particles per yolume
can be assumed by, the current density and the-Kingtic
energy of the neutral andscharge~particle canl‘be
assumed by the voltage of dc power/supply /(elastic
collision). It has a minimum current density Sthat
corresponds with the energetie particles” used-in the
sputtering process. In gemeral, @xygen is easi€r ‘o
combine with titanium to formutitaniim:. oxide, than
nitrogen to form titanium Tnitride. Nitrogen _is
introduced in titanium oxide ands, then,_form “to
titanium oxynitride. The increasing of current density:
enhances the population and formation energy of
neutral and charge nitrogen that gains the nitrogen
content in the titanium oxynitride film.

Figure 5. 'Schematic ‘model ‘of TiO\Ny/' film formation
mechanism.
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Conclusions

In conclusion, the formation mechanism of
TiOxN, thin films deposited by dc reactive magnetron
sputtering technique was investigated. By using the
different current density, we kept the working gas and
N,/O, reactive gases. The current density affects to
the crystal structure, surface roughness, chemical
state, and mechanical property of the deposited films.
The films changes from the amorphous to the
polycrystalline structure with the increasing of the
current density. The peaks shift to the lower angle
was observed due to the nitrogen incorporation into
the “crystal lattice. The formation of TiONy was
determined., by=Ti-O-N chemical state from XPS
spectra. Nitrogen-rich TiO.N, and oxygen-rich
TiOMNy were obtainedyby using the high current
density and the low current,density, respectively. The
hardness of the films correésponds to the increasing of
carrent- density (caused by'the increasing of TiN
structure. These  results“indicate ‘that optimization of
the “urrent “density “can_achieve) to control structure,
chemical state/-and hardness=of' titanium oxynitride
films.

Acknowledgments

The author would. like to-acknowledge College
of Data Storage /Innovation, King Mongkut’s Institute
of Technology Ladkrabang, This project was financial
suppotted by Yeuth-Fund Project of Development and
Proinotion ef S¢ience and Technology Talents (DPST
Research/Grant’ 029/2557). The author would like to
acknowledge Dr. Siraphat.Pratontep for discussion.

Referénces

I X, Yang; C.#i,/B. Yang, W. Wang, Y. Qian,

“Optical="properties of titanium oxynitride

nanocrystals synthesized via a thermal liquid—

solid metathesis reaction”, Chemical Physics

Letters 383 (2004) 502.

F. Vaz, P. Cerqueira, L. Rebouta, S. M. C.

Nascimento, E. Alves, Ph. Goudeau, J. P.

Riviere, K. Pischow, J. D. Rijk, “Structural,

optical and mechanical properties of coloured

TiN,Oy thin films”, Thin Solid Films 447-448

(2004) 449.

3. J. M. Chappe, N. Martin, J. Lintymer, F. Sthal,
G. Terwagne, J. Takadoum, “Titanium
oxynitride thin films sputter deposited by the
reactive gas pulsing process”, Applied Surface
Science 253 (2007) 5312.

4. C. H. Shin, G. Bugli, G. D. Mariadassou,
“Preparation and characterization of titanium
oxyhitrides with -high specific -surface areas”,
Journal of Solid State Chemistry 95 (199T1) 145.

[\]

XXX



10.

11.

M.-A. Nicolet and M. Bartur, “Diffusion barrier
in layered contact structures” Journal of Vacuum
Science & Technology 19 (1981) 786.

T. Oyama, H. Ohsaki, Y. Tachibana, Y. Hayashi,
Y. Ono, N. Horie, “A new layer system of anti-
reflective coating for cathode ray tubes”, Thin
Solid Films, 351 (1999) 235.

F. Febreguette, L. Imhoff, M. Maglione, B.
Domenichini, M. C. M. Lucas, P. Sibillot, S.
Bourgeois, M. Saciolotti, “Correlation between
the electrical properties and the morphology of
low-pressure MOCVD titanium oxynitride Thin
Films Grown at Various Temperatures”
Chemical Vapor Deposition, 6 (2000) 9.

Y. Makino, M. Nose, T. Tanaka, M. Misawa, A.
Tanimoto, T. Nakai, K. Kato, K. Nogi,
“Characterization of Ti(N,Oy) coatings produced
by the arc ion plating method”, Surface-and
Coatings Technology, 98 (1998), 934.

P. K. Barhai, Neelam Kumari, I.'Banerjee, S.K.
Pabi, S.K. Mahapatra, “Study of theeffect-of
plasma current density on the formation  of
titanium nitride and titanium oxynitride . thin
films prepared by reactiveDC magnetron
sputtering, Vacuum 84 (2010) 896.

M. H. Chan and F. H. Lu, “Characterization of
N-doped TiO, films prepared by reactive
sputtering using air/Ar mixtures”, Thin Solid
Films 518 (2009) 1369.

M. Braic, M. Balaceanu, A. Vladescu, A. Kiss,
V. Braic, G. Epurescu, et-al., “Preparation and
characterization of titanium__oxy-nitride thin
films”, Applied Surface Science 253 (2007)
8210.

80



%o - Yeana

s <y ol o
U au Uinm

UsziRn1sanen
seAUIsENANY

e

seauUIang

seeiudSgaln

Uszaunisalingu
2551 - 2552
2552 - 2553

WALV

Use IRl Ueu

UBTUNT YUNDY
09 tuw8u 2533

lsaSeuanasivinea w.a. 2551

InenmansUndin awRdndussynd

AMEIVEAERS antuwalulagnszasunaidngunms
annTEUS- WA 2555

INsIUmERsIUNAIR a1 ImnsINsEUULasTaya
Wedvuipnssunsdnnsveyn antumaluladwizasuingn

WIANMIaNANTEUS WA 2558

Sale Engineer at Technology Instrument Co.,-Ltd.

Sale & Consult at T-One Metatlic and: supply Co., Ltd.

1. Tanakorn khumtong, and Rachasak Sakdanuphab, "The Effect-of O,:N;" Gas Ratios on

structural, Optical, Electrical’ Properties of TiION, Thin Film Deposited by Reactive DC
Magnetron Sputtering;” submitted to MSAT8 2014, Bangkok thailand, December 15-

16, 2014.

2. Rachasak Sakdanuphab,~.and Tanakorn| khumtong, "Formation mechanism and

mechanical properties of titaniumroxynitride (TiIONy) thin films deposited by reactive
dc magnetron sputtering”, submitted to SPC 2015, Krabi Thailand, May 20 - 22, 2015.





