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Process improvement of hydrophilic property of TiO, nanotube by
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ABSTRACT

In this project, TiO, nanotubes were fabricated by anodization technique for a
template of bit pattern media. For fabrication process, titanium sheet and graphite
electrode were used as anode and cathode, respectively. An electrolyte contains
ethylene glycol, ammonium fluoride and de-ion water. Anodization voltages are varied
between 20, 25, and 30 V and current was recorded by NI data acquisition during
fabrication process. The effects of anodization voltage on TiO, nanotube diameter and
length, as well as contact angle were investigated. The scanning electron microscope
images show that increasing voltage enhances TiO, nanotube diameter from 30 to 70
nm and length from 1.3 to 2.4 um. And, the contact angle of TiO, nanotube decreases
with the anodization voltage from 110° to 92°. However, a problem of uniformity was
found on the TiO2 nanotube which could not be used for the template of bit pattern
media. We suggest to replace substrate with smoother substrate for increasing the

uniformity.

Keywords : TiO, nanotubes, plasma treatment
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Lavdessiundegansmilsieznen (Atomic Force Microscope : AFM) ileaiasgidnuazvos
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2.1 nszurunsualulawdu (Anodization process)

nszuaunsuelulad (Anodization process) iunszurunismalnined Aldudnnis
dnnsdTa  (Electrolysis)  Tagagyhaseulninszuansadnluluansazanedidninslad
(Electrolyte) azviliAnnsdunseiildusanlas (Oxide film) Juiivinaiuivedans
Tnndlewlaeanled (TIO,) ergidleueanlan (ALO) Faneulasanlen (SO, Lﬁaﬂaqﬁ’umm
nsounarUSuanmimmedan:  lnetufliduesnledardiaumunannydetiostuedfuiiuys
vaensruunshalulawdu taun anudafnglni ansavaredidnlnslad (Electrolyte) a0
WaTQUNN

Ul 21 wadlwiluad

wadlihafifldlunssuiunisuelulawiuusznousounasdiialuiinssuanss (de power
supply) Taefidaluih 2 4 ldud Srvanideudulanlnmden (M) nszvhiadudauelun
(Anode) dhudhauidonfuunslug (Graphite) nasvhdaudauelng (Cathode) pugUUTENBUT
21 Toews 2 dudluansavaredidninslad  fdnasldanussdndfvmnzay  dwaldiin
aunlwiinAntunieluansavanedidninslad 3wihliiRnnisidsufiveslossuuinuaslossuau
Toeitlosouuan (HY) ndouiinndauelunlufsiualnauaslessuay (O) ndouiildands
uelnalugstauslunuazifinlavsasnuidilossuveseondiau  (0)  figapdedidnasouliiiy
oxnavlany uaz dwalininnsairetusyiulavenanedy suitduoonlos

a a = = A 1o Aa v & o aaa v
danmseunaydeluzimdeuiiuuvasiudalninsswanseludstiay way  vhufisendu
losouvedlalasiay  (HY)  nelvdeesielelasiauusnutinalne auuuseney
2.2



Uil 2.2 ﬂﬁﬁ%m&hq"’]ﬁlLﬁﬂ%ﬂu%’mﬁﬂummz%ﬁLLﬂIMW
Snunzvesiidusenlediiintuenafidnunsdusmunietuiiduuns (Barrer layer) ifunawnan
adtsznauvasdidninsladililunssuiumaueluladidy d3idntnsladiiandd (unans du
flsueenlediunmefldasisnuunduiuiiduun uidldBdninsladid aruduns Wdy
oonludndunseilfazidnvasndugnquievonTulasianzdidninsladiiusznousmslooou
voigoslsd (F) videnaalss (CV) Tnglovouweanil dwmaliduiidusenlediniulasatsues
viowluidnizoaduuan

2.2 nalnanistiavisunlulnmlleulasanlas (Tio, Nanotube)

3UN 2.3 nalnnsiiavielnimideulaeanled

2.2.1 mslavestuianeanleannuilane Weosnnlangihuiiseniu lossuvaseendiau (0%)

PRINTUNSUDBNUATULSNNBAITY  leoauwaItazpdsudInTuaanlanlUdisaemasening

langiveanlediiiefivzyiufisendulave  dumsuvesmsiinduilausenleanianvas duiidy
Aouwduuudy  (Compact  film)  WulUmuguuszneul 24 wasulumuauns

doluil



Ti + 20H — de + TiO, + 2H" (2.1)
H,O — H*+ OH" (2.2)
2H" + 2 —H, (2.3)

o & aaa o A v & as s
AetiuufAsemuennaduduildueanten auaunis

Ti + 2H,0 — TiO, + 2H; (2.4)

5UN 2.4 nsnemvastuilausanles

2.2.2 meldaunilnifiAntuluduiiduoenled losuvesgealss (F) Buiimsedeuiinigly
fuilsueonled Tnelossuvesgeslsfasvininsenfuleseunedany (Ti*) dsaumsd 5 lu
fupouiinsamesuiiesanauslnihdsuasenmsaaeiesiidueonlsfudaintuay Suil
yquraEnfestudonimsaaeiameiivesidumug  Usgneuiiz suasndulunnu
aunssialuil

TiOp + 6F + 4H" —> TiFgs + H,0 (2.5)

ks

AY
Metal

JUN 25 \fevguawiaidnuutuiliaueenlas
2.2.3 auulnihiineduiiazglmannisaaesveseanleniisesnaseningeanlaniu Santng

ladl Tureidediulessuveteandiaudasy (0%) awndounludssessosenindlansiveanlen
dievhugnseniulavevilivguawiadnifianisiivawiety nanedugnsuvuinlvguazaiy
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Pores

Y\

Barrer Layer

UM 2.6 MIveNERIvRINTY

224  asaaeimaeivedanzviesenludlasdidninsladuinnsadsmsaanesivaniives
nndedlasenled  (Tio)  Tunsalelasngessn  (HP)  dwalviilduesnlydifindu
visvuaululadninsindulasiaisgnuunaunluy uaz Weshsnslnvesoanludiisesse
sewindlavedueenles  uardnnmsaanesveseenludiisessiouinuiureagnguiudiantng

ladnognsmnu MendInUuANIrLITeItuianuas lifinsidsuudaslaiintu
faudlossudaszavindounludaverilinnudnvesgnguiudunny Ushalaneiiyu

sonuuvzdauulniuiivgdudwalinisaatediveseenled uar nislnvesesnlysiiuduly
LANAEIIUUSIMTOU TNTUALAAYRI IR uIIINIUUSENRUN2.7

Pores
Voids

\F N

¥
Barrier Layer

U 27 msifatesseminegngy
225 mendnsudeveriwuaseiatuetisaunamunansfulasiaimeruauiluaim
gvaviIiutuaun TS asmsinnsou maaflih dewidushn msaaedama
Wil ewgUuszneunl 2.8 [1]



Barrier Layer

JUT 2.8 nsiiniduvieagsanysel

2.3 auaadnvadlnmiisulaeanlyd (Titanium dioxide Property)

Tmfleulasenlad (Titanium  dioxide:TiO,)  Wuansusenavsenlsveslans
Tmdlon Agnianldannlugnamnssususine lesaniinranatiosgs lilufiv wazsangn
fitovnamsm e lnudeulaoenles (Titanium dioxide) umiinueulalas (Titanic anhydride)
wazlyide (Titania) nwdemduusiigniunuadausnide ae 1791 Tumiles us wilesaosu
2004 Usewnadangw Tnetinssdinende William Gregor Mdaydnuniunufe Ti fiavernew? 1
AuaLTRLTus nusanminnsouvetnaeTy tmua uaznsa-ia 16 Inodeuleeenledlag
sysuvRawnutenn dulvgeglusUveusdawlud (lmenite) vi3e aledu (leuxocene) ln
ﬁﬂiﬁu%qwélﬁﬂﬂ'i% rutile beach sand

2.3.1 aauUARNE

- w3aluiana 79.9 nfu/lua

— ANULUY 3.84-4.26 NTU/QNUIARLYUFLIAS
- 9ALAOA 2,500 B LEALTLE

- AVABUWIAY 1,850 DIALTALTYE

~ lalazanenii

2.3.2 AUANUANINIEAIN UaIIING

— aonuznmduvosuddvn

~ fiuiin 50 asans/ndy

- YuneyMARAY 20 Wiluias

- AMUNULUY 130 N3N/ERT

— ANUERIUIE 0.7 NFU/ANUIANATIINT
— NAGLIINA 680 MPa

- Poisson’s Ratio 0.27

- Shear Modulus 90 GPa



2.3.3 gruanulasnng

— m3fuangRme (ingestion) Tanuidudunsie

- 115gaaY (Inhalation) vilvilAne1n13Au wazdunesessuumadumelalussezen
— msdudarava (Skin) Sanandudunsesi awnsadeeenls

— msduifateinn Eyes) fnnududunsied fornswau Mudntos anunsadeenls

234  Uszlewdlnnilealaeanled

tagtulnmidenlaoenlednifomhanlivsslovinnn  fldluguvessdnuouslvg  (utile) 7
\Retestugnanmnsaulususingg Ssvuannlusssuwd dwia suwa (anatase) desiltlu
nszurunslfuastugenstanldusslonifedestudusieldun

2341  lddwiuanslvd

gamnssuanfetes Sldlmmdenlneenledidudnmanvesdmin  fenuauifliansa
Y1 @sAYANAL LAz ARy wEleaiuldgs uineyman Saudangugaili
Unlnsesdn seudmilad wasvuseanmaulunsn-fng vusouas wazauseu saudsld
\Hudunauvesddmivnuiuinuiadzidesnniinaautfliidu,

GRRN

2342  duasindeundnsioe

inldluansiedeulugramnssusineond gnamnssunaafin eramnssuuii-nszan  uae
qmamnsimﬁmﬂmﬁaq NSERgUaMe NMsHEAwIIEA  enaunsiulanedMsun1TAGaURN
Tavie  gramnssunsgaudmiumaiadeunseatuiioannsvegriuvenas  snenmauiRi
aunsodainy  wasedoufnfildie  Sanumuusiensiandou  vaufmuaudAvng il
fr9du uenaindu  msldlnmideulneenleddmiuindeuimnanfuriamsotisandununis
WAmuazantwinuesHAR et laB NI

2.3.4.3 Wuasiadniwannszualnih
msnanwaduasoringfonltinmideulaoenledidudulszneuiiiovimihfasundsau
ueseindidundinulni Senin waduaseindudald@den (Dye sensitive solar cell)
2344  dlugeamnssudidnnsetind
gnamnssuBidnnsedindiifeadesiursasivihiinagldlmmidenlaeenladiiovindudaiv
Usgqlnlihdenuasiafisirasimalihuazaanudumuliifge

2345  lfdudunanluniosdions
\nsesdio1susdvieiinisldlnmideslasenladidudiunaudmivyhmidlias Boadun
fnuauUfviuuas aunsoasiion wazdniuaslige wavazviousidyilan Liiludunsesedn
wanfsiinulfidudunaunn dun efidigein eduduuen wilisesiu wasywiu Hudy
2346  llusmunisirtauadie

- Wifuansgadu Tneldaulugunistrinuafivmeina uazsafivnis vudhiiduasi
AngUNANY
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Tdduiusejisendaanziuasnmdoulasenledifioldasuueas wazarudou azuandaliians
wazTiandnuauiivateysensiansamInvendensenaiiulut wageine sudansidn
LAZAULTDAUNTE

2.3.5 ytalnmbeulaoanlanuiiniulaseadrevauan Lo

2.3.5.1 54 (rutile) Hlassasamdnuuuwmsylnia (tetragonal) Faduviafinuannigaly
ﬁiimﬁﬁmmmmuaxLaﬁEJiGiaﬂﬂiLﬂﬁauLLUaaﬁiaqmmﬁﬁqq

2.3.5.2 9uwid (anatase) Tnssadanuumnsglnia (tetragonal) iWumiafinulusssurifiviu
nang ﬁﬂam%auqqa’h 915 DeAYaLTYE %Lﬂﬁauiﬂiqa%ﬁmﬁmﬁmmug

g

2.3.5.3 U3AlAY (brookkite) Hlassasnendnuiuueasinseudn (orthorhombic) Juwdadinule
toglusssunnd fianmiaiiosdegamniisn winldsuanudousnnaii 750 ssmwaldea az
Wasulassaawandunuuging suguszneud 2.9 [2)

JUN 2.9 wilavaslniniiley

2.4.\n30sdanldATerinG
2.4.1. Scanning Electron Microscope (n§833an3sAuBianasaunuuawni)

ndonanssmiBidnasounuvaunuituaiedioienmanitismonussinmndesganssml AlY
fuadidnasen  awvidedesnialuuuiwesneiidesnsnsaaeullieyavesdnuns
fufusnglunmefiaunsoneniiu  Headndooratuiinamituuuiuiidulindos
QanssatBldnnseuluvaLnuiie "nwidingy’ Aufiud1 SCANNING ELECTRON MICROSCOPE
warlaealundfiduiasfugunsaielindsinazdondeseidu'nudanguin'SEM (aanidesin
\0aBLaw)

2.4.1.1 dauﬂiznauﬁugm

- Electron gun (uaariuiindidnnsen) agdmulatguuanves Column deafuanglniliusegd
Ao ndauadliihussge@aunuanin 110 volts w3e 220 volts Wulwihidanudulniasde
5139 1-30 KV faifiganedmiu SEM
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- Electromagnetic lens (audaiupuauasdidnasew)  dauauiiavninisindeuiives
Bidnmsou

s o !

- Scan coil (WAaIRAIUANMSIARUTRsTUaBIANmToL) LTuyngUnTaliivieus AUy
urndidnaseulgugiiliduduassunmefidnianyniiasduldduasdananluannseny
vuiaeganazarlfaunuuimdnduriondnlviduadidnnseul gugliedeuluvuiafogily
WTABINS

- Specimen Chamber (tdldsogne) Wutesivliaudaninediidfoueseddiednade
gunseiaariumualngldiftenuade edeuguilideullnmeluresiedsld
ooy 6 fiavneguneesnedl  fdwdsenounavaantRimariiZenitgoniometer
stage

- Collector & scintillator (aUnsalsusiudeyaya) WWuwrisuialaiivansuuyiiienaiafinaiuiia
dhoogiilenuasdnlasvesuisideusoniielansiinofuasasiihszgsaun - 30-250
hadiilefgauszedidnnseuniegiiduiAnanUiiten seninseedidnaseutgugiinsenui
PRNLNZPLIERR

- Imaging photographic devices ( gUnsala¥anmazaroam ) ivhilAsuuasdya i
Idsuidunmias amilusinguuae CRT fAndoulazyinstiufingunsala¥anmdseneusmeie
thuauaziaiesvensuasiUdoudyaudidnasey WidunadihnisadeamiEuanuseg
SidnmseunPenidaszydinnsourniargnivuassusliuduiguindlavssam  vieth
LLaqiué’ﬂwmzsuaqLLaqLLaqﬁshuviaLwiqLLﬁfgﬁﬁ]zm?{auiﬂgjm%wmaum (photomultiplier) a9y
Waswuawia photons #lU dlnmseudnadmilddnaseuiiintustiiueiewenelidu
dyraliiliusngluenm  (CRT)  @iassliun  console  unit pgUUsENBUT
2.10

g‘dﬁ 210 @mUsznauveNAIes  SEM
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2.4.1.2 AaNN1SN19U

515Lﬁﬂmaummma'ﬂﬁwLﬁngﬂLﬁ'ﬂﬁmﬁauﬁmmmmaé’mﬁ%aﬁamwL‘fluajigzgwmﬂ Tng
fimvnenisindeuiiaggnasuaumsauduivaniii (Electromagnetic lens) 2 ganseuInnii
wazU31aveIBianaseuazgNAILALMIELENINESIIBSYE 0T e ulnTsliuwinsneg funudnuae

] s 1 < = \ ¢ I ° Y Ao
nsldau nsaudusivaniiihyawsnisendn wudaeuauiges (Condenser lens) agvintinndu
a aa 1o a Y @ o aa dy a Y @ =3 1 5% . .
dinaseuvasnnwasi i lidudniivuaiuinindadnasdiauding  (Objective
lens) eidutaudaninsazyimihfilniaddidnnsou (Electron beam) Tilunnuuiivesdiagn
Tneflawnumosa (Scan coil) WuntAnsmdanaseulvluvuinues
iegnnmelunseuiiuiidvaeuiang eiuRiveswiiegengndwneddianmnseut wsiindyayin
A unaeinlunaniediu wag SEM dsligunsaldmiunsiadudynin (Detector) wiin
AN LAAIIU uardsluussananaunwuusenwssly Aot Nd ey INANTY
TouwA

a [y

[ a a &, I aa aa
- dygunnandianaseunieni (Secondary Electron Image: SEI) {ungudidnaseuniseau

Y
& a

wdarush 3 fa 5 Bidnmseulaad afifufiasesulddnlifiu 10 wluwes Tnedadusiniduss
SaumileaBLannseudiiami

- annandidnnseufinsuidindu  (Backscattered Electron Image: BED RRLGH
Bidnmseufigndendanulifuosnelutunuifivsunsdon uaznsnszidandueeningad]
ndsruganididnnseuniogll AefiuRisedudnndt 10 wiluaes Tnedalddtusndidiay
DYADUF mmgﬂﬂizﬂauﬁ 211 [3]

JUN 2.11 N15v1uYeAIed SEM
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2.4.2 Atomic Force Microscope (N&243an33ALIIDLADN)

ndosqansamiussazaey undesganssaiuuurhauny viie SPM Usziammiafianunsalily
mstenmingiiflvunadnlussiuunlumns vietonmezneyvesamsld lnefindes AFM 2y
ﬁé’ﬂwmzmsﬁwmﬁﬂLﬁmawwzéf’gﬁaaﬂ%’ﬁﬁmmmLﬁﬂi’mmmé’mmzuiq@mﬁLﬁmﬁuszw’jwqﬁa
dufuituiintng Wemnahaunmeesiiufinvesingiald Tnefindes AFM ansnsathanldlunis
dnenmaeneluszduuTuesvesingiilwihuasfngilldiladh - Snwastuouildlums
nadey oA wiufiduuninoaaosd eymaululuieiesdions iwaduueiise ﬁum'mw,ﬂum
seiuuulueiesdons waduuaide Funuil@umsssduululpgannsavonanuaesives

[
=1

wuiluguuuy 2 4R vive 3 A

2421  vaNAIINNeY

nskusaaesluliiudmUateunay (tip) vesmuiufidvuinseivesnenluszeying edu
Uansuwanvesauiuay lUdufauuunssanlufiamsduarasiuiuivesing - wasidloirdes
AFM angudangunauniulasiasieseauuily LLNUﬁﬁ%EJ’]ﬁIﬂizﬁﬂuLLu’J@?ﬂmﬂﬁLﬁ@%uizﬂjﬂﬂ
ovmauvesiiufiIfuUaBuvaazian vildauldseds shilfansansatavunveusads
Ufduius  seriaanuduiudiBatumiesduaneuauuasiiuiavesteg - (Ghlaunsn
nuesiundsuiiinTulE) ?szzgﬂﬁ']mLLUié’zchgwmi"mﬁuLﬁ'aﬁwma%?mLﬂuﬂwwﬁuﬁaﬁ
Judnwauzdalasaineseivesney Affdsnsvenegaluuansuuasmniiuseiines
duenfufuieios STM (waglaeudnnmaferfudiannsaildvarowauvesauilunsadhs
usandn ieindeudheerneuuiazivedlasiaisTanldivuieiudnge) nugUUsTENRY
#2.12

JUN 2.12 MIYNUTDLATEI AFM

2.4.2.2 nsuszanaldy

aa o d‘ d‘ o ¥ ¥ a 6 %3 1 ¥
35n199191Uv8ATa9 AFM AU1unTFun1eeuInetdansseauunly @aunsawuiaanle
I ad ¥ 1

Wu 235 Tawn

[
A a b4

- AnsduNauvuselies WunisdudanuiindoudunisannUatsunanliuufiuiatue
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¥
adad o

paoanal Toideresitine avsiliiAnussdulunuivesnisindeuiidruiuiuiuiag
Suonaildmuvednsuildainnisliwesviedadadely Tne@fllfAnanussdagad
vaneniosanussluwuidiianifiesednfion Joilidoyaanugeesiiuiaiinldduenaialy
MNANNGITUTIATS

- msdudawuuldreios LﬂumiﬁuﬁaﬁuﬁﬂmﬂﬁﬂmaLmauﬁuﬁaﬁuﬁuﬂ'gLﬂuszsjmmg’uﬂ Tu
LA Uiuig (Rdrefunslddaneidnmelfsdusomne dues) fednvaznsdudauwuy
Huseniunndmnarldifat Lwil,fiaqmﬂﬂmaLmauﬁuﬁaﬁuﬁ’uﬂuiwzé’ﬁﬂ JevhlAianig
Fuveanu Geazdmaliinduaadinrainlddulindivieliuiuly @)

2.4.3 ANTNAFBUNTLABINULYEIFIEENG ( X-ray Diffraction :XRD )
ATANSEELULYBSELENT ( X-ray Diffraction; XRD ) iumedanisilélunisanednses
Tnssasamdnitlivharetunuied Ateuldodunsvarglunudueiuanaidinm laeld
Tumsnsadnlassaiaveduanasiisg lidhesiduasuszneveiunid Mdue Tusiudtiegmm
595078 Mufstanfiduaseitu fuanldtaunadesdouazgunsaifldlumaiailng
AamnIanBstunarlfanldietu slfdeuselovidmiuining mansiiasinlold
U¥uuge Wau1 nioensedunisiiasigd 3¥e nenstaaevlusefugedy
81
2431 %&nn13MNugIY
nMsiesidasmaia XRD duarldauantinindsauuiidveslassaiiamdn dadulam
#dUN19UDY Bragg

nA = 2dsin @ (2.6)
Tngil n = 1,2 3.\ Ao ArAnugninduvesedidng,

[

d D SrELNNTENINTLUIUNEN waY q AD YUANNTENUTDITIALDNGAUTEUIUNEN

Tutumeuusniudoshnsugnadnftaulaudiednfildluuglulnsaumar ndnflutudeiagly
an radiation damage ?zfqLﬁw%uimwdwmmﬁuamw%’agaLLa3ammim?iauimsumqmmﬁ
melundn wdnazgnasluiedes diffractometer udmede¥ididng SadAnmsEeLULazgn
fuiinasuunduiiduviensufiomes Teyaiiliazgniunuudrinnaiaduunuivesniy
nuwiuBianaseuesluana ué’amﬂﬁ?uawangnU%’Umé]’aLLﬂwm6‘] W e Weuius
Asmuiue Il F ATz auiian Annudiiizuingg azgminnmdenaulsnsmiiGendi
diffractogram GeusiafiafiAntuas fudnuusianzaessmudazsiadendnnsniside iy
vos3edidng yhlldvnnuisdoyavesTaniivoansfnuwimnadunionin 1ofl wasanaudh
Wanaeg1enning
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JUN 2.13 fegruaTesiilinannisves XRD
2.4.3.2 WALANTNaNN1IN1SIREIUUYISIAD NT U sal U e 2 WA
TowA

- Single-CrystalMethods

Tnevdnudamaiadlilumansatalassaiisosnon (ruaunas fumis Yosie Wudu) 3
Frmafutu ( Laue method ) aeldudnfinegfufiuasyinniadsuutasmaruemaiues
%@End Weaedsed@lvnnacuundninies asvimstuiinnansidealuuasuumky Photographic
plate Fslilunstufinananuduuassunmisessidifamadonvy  wilubagiuduazls
HANARNIVYUKATIREANNN IVt vemAlLlaEY0Ina 0NN INYBIN1TATIVIN
USinuresidfiasaiuuannBmssniy  3instladli¥ediBnddfianueniaduauieudends
mMswWdsuyy q lnensindeuiivesndndseguuiiunyy udild diffractometer uazasuianmes
Tumsiiusurmuazdamsdoya Fsaglinaiidanuutiugiuinnin

- Powder Methods

Jesuundiinstalilunisseyussnn  Taseeliuenesduszneuuasnmainanuduiusues
ﬁmﬁﬁagﬂumimam WuLeafu Single-Crystal Methods Ao usiutuasldinadinvesnsaenn
Tunstiufindeyansidenuy uilutagtuarldiedesilefiBonin X-ray Powder Diffractometer
waziEnnsateuidarmiiiniulunswssnfegmanudldannsalddinsusnlunis
n3193alel [5]
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Ul 2.14 M3viauwes XRD

2.4.4 Field Emission Scanning Electron Microscope (FESEM)

Field Emission Scanning Electron Microscope (FESEM) Duedediofifdusslenilunsinw
Tnssahavunadnssdugama  uandugunsalilldfuodaunivanevidlumside  uaznisude
MAgaaMngsa FESEM undesqanssmididnaseudifimasmenegefiassiu 1,000,000 wh ¥
Tannsofnulasaenadnszdulules vie wiluld FESEM Saunsnifeudefugunsnl
AATIENENTINGIU (Energy Dispersive X-Ray Spectrometer ; EDS) Faelunsfne o
Ui uasnsnsvevetesAusznausnvesianiidnuils nvia FESEM Ssanunsnideuseriy
gunsaivievinduqiield@nuinsginuingUssasdirinsiusenly Wy Weudefugunsal
nrzinsdesivesdnlnglddygannmsieivuedidnaseunsedindu (Electron
Backscatter Diffraction; EBSD) uenainii FESEM fwanunsauszandlasidonseriugngunsal
muauaBiEnnsouiielfifsumaasriadnasuutuny (Electron Beam Lithography) 4
wiilen FESEM  uiedesilenfimudndusiemsfinuide  fedidweteiige uazanansn
Uszgnaldanuldvanraisuazaseunqumsfnyideluseauganie

2.4.4.1 AENUR

Field Emission Scanning Electron Microscope (FE-SEM) tundesganssaidiannsouiuudes
nyafifiunasiifindidnaseunuy Schottky type field-emission (T-FE) §f resolution gata 1.2
nm 71 30 KV wngdmsunumainemansnmenin fndisedidnaseuuiuasuldlugg 0.5-
30 kv QwdenisldnumsizaiuaumsynnumeRsNiages  ssuvayInaluseuud
didnmsould sputter-ion pump ety (sample chamber) 19 diffusion pump #a3n
vandmiumeseidienmenevesszuudUseneudie 3 %ale

2.4.4.2 USSNVBIAIIN

fouaunnilaann FESEM wusesnilu 3 Ussian auanwauzvosnnils aanminnaeiy

[

oA
- Secondary Electron Image (SEI)
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- Backscattered Electron Image (BEI)
- Transmission Electron Image (TEI)

- Secondary Electron Image (SEI) Lﬂuﬁ'@mﬁmmwﬁlﬁﬁ]m Secondary Electron Detector (SED)
fifulom&snuan secondary electron fivanseninaniuivesturuilognadidnasouy
udsvanana  anitlduanslifiudnuazvosiuinvosiumifiaulavuiueny - (Morphology)
dndidaBidnnsauuuiasuldlurag 0.5-30 kv mulssamvastuau asnsodiuidmensldge
feUszana 1,000,000 wh meldaamensldauivanzan  Tnealunsldanuunfsnagle
fdaweefaszann 300,000 wh waedenansndeninuadesiunsazauresyszquuiuny
Tneldnrusadngludsdunu eldussq avan

- Backscattered Electron Image (BEI) Lﬁuﬁiy,ig’lmmwﬁlﬁﬁ]’m Backscattered Electron
Detector (BED) #i¥ulemdeuann Backscattered Electron flagiouninitufinvesduaiusn
Uszanana TnedaanaildluusazusnaasuUsauavesasy (atomic number, 2) luilosns
vt awiild Feflanuaths durdeseumuavesneuvewsnfiiudussneurende
@13 ( atomic contrast) BEI %’qmwﬁmmmmwﬁwﬂLLEsz'mLmamwaqLwiasu%nmﬁﬁﬁmw%a
ansusznousnsriniuls ¥ BED Juwuu retractable dsnslidoudnlusiumianile
Fusilusewinddanunasideussnilellléld muldiiterudasndovesiain

- Transmission Electron Image (TEI) Lﬂuﬁfyiyﬂmmwﬁlﬁmﬂ Transmission Electron Detector
(TED) endevidnnnsues Transmission Electron Microscope (TEM) Ussendfndsluszuumas
FESEM Tne TED axoglusuvmidlifusuiflefundsnuann transmission electron fingqriu
Junu AndieBidnaseuiidalidmivssuuiilueguanie 30 kv uartunuasdousioude
wdosdomaiiely Funulvuenaiielididnnseuansanzainluss TED 16 awdlldae
uansiegudlassadns meluwwestuny  awnsoifiuidegldfessann 300,000 wh
(6]

BEI X 35,000

JUN 2.15 andilaannirinwuusieg
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2.5 TUsunsu Labview

LabVIEW &9311270 Laboratory Virtual Instrument Engineering Workbench IﬂiLLﬂimﬁﬁwm%u
Tagld LABVIEW ag38n71 Virtual Instrument w3ovzi3ungeq 1 VI Swnedaesesdiefmaion
Fasregns 91nguiidu Oscilloscope AldiMsadsiuuumionoufiunesiusunsy LabvIEW
Julusunsufiafradiewunldlugunisiauairiosdiofad miuauniaismnssy LabVIEW go
4139710 Laboratory Virtual Instrument Engineering Workbench Famuneaudnduluswnsud
a$19 ndesdieTniadiouatsluiesfifiniamdimnssy dufugauszasdudnuesnishaures
TWsunsuiiAdenisdamisludunsauasiedesiiotn serailusvansam warlushvedusunsy
wvszneulufeilsiduiilddglunmsinnnineussuiuouian Tsunsuiaedussloviagnags
dleldsuturiesdietamaimnssusingeg

2.5.1 4of

2.5.1.1 Wakn3 LabVIEW Sidulusunsudszunn GUI (Graphic User Interface) Tnsasysal thy
Aeluisuludeadou code viamddlag sadu wasiidddnvazamwildlulusunsuiisnay
Senindunwigunmnseendneg19310 e G (Graphical Language) Feazunun1siiou
Tsunsunduussvinegreiiaduasiuniwitugiu iwu C, BASIC vio FORTRAN feguntwiie
fydnualionun Susiludesfuonnsduaueging uiiledueasiunislilsunsuiuduay
wut LabVIEW fifinnuagainuazaiunsaaniailunisdeulusunsuasiuldunn tnsenzly
udeulvsunsuneufinneiiiieideudofugunsaiduqiieldlunisinuarnis
AIUAY

2.5.1.2 lAinsesnoufinmesveasiilesmiu LabVIEW waz sunsaiideudeiiiensifudoya
(Data Acquisition Card) W&ra1unsaldsuiadesnsuinnesdiuyanaveaslinateidy
Lﬂ%‘laﬂﬁafﬂiuﬁﬁmagmwu lai39w18u Oscilloscope, Multi-meter, Function Generator, Strain
meter Thermometer yi3aiA3asiiatadus auilsdeants vilfanunsaldaeufinmesTunis
myiauaziaiesiieTnliog1eninsuans %qqﬂﬁaqﬁﬂuﬁmmaq%a wsesiioniatiouass (Virtual

Instrument)

2.5.2 AanN15L08ULUU DATA FLOW

lesann LabVIEW Tédnwaizn1sideuiuy Block Diagram d9imansanulngjianuduinsegudn
Sadumsinefazianudiloatasildfaulddoluld wardrmnissiladunounisidoy
TWsunsuineuflavdeulsunsy avdeadou Flow Chart TiiaSaduneu ndiainnsieaey Flow
Chart 3gu3esudnsi3ailudoulsunsy Fsazilanuazninuindy LabVIEW endeudnnns
yhaueardesdie vt sinquvinligldaunsnesnuuunuiiglddesnts ndnnisfanaius
pontdu 3 diulnagq Ao
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5Uf 2.16 Block Diagram iA3esileindia¥1991n LabVIEW

=

2.5.2.1 Acquisition ailudrufisudioya (nput) 91ndswindeunisusnidigssuuludiiae
roufinnesd Insdeyaiidigszuuienaniainnifn DAQ @in¥udygmmislili)
2.5.2.2 Analysis ndsaniilisudeyaudieavgsiuilsidulunsiinzideya Jsazuaniwaly
sUufdenrunuieludeigldauarnisodlvnansunudeinlduasldoruls
2.5.2.3 Presentation A nsuanssalusduuuiiduuseloviddedldanu lnseranansuunii
9RaNfiIAes 15U DMM (Digital Multimeter) uanwwatamziialalaglisudusesinrudfay
furian w3e Spectrum Analysis asuansdyanaluguanuivdemsfissiesnsuidunenunie
vivdeyalugisafan

2.5.3 dqudsznaunieq Tu LabVIEW

TUsunsuilideutuunlag LabVIEW 15792138091 Virtual Instrument (VI) insngdnuaizdivang
mssenmislegldldnuasmiloutuiniesdlevdogunsaimaimnssy Tuvazidvariundsminves
punsaliafieussauvartuanidunmsvhaiuves iy, Subroutines waglusunsundninieudiy
Myl @ msu VI wileq azUssneusiediuseney 2 dwde

- Front Panel

- Block Diagram

Qe

& =3 3 ¢ A a o v ! & a
Qﬁ@ﬂﬁ?uu‘ﬂgﬂigﬂa‘UﬂUTquLﬂUQUﬂﬁﬂJLaNQUQiﬂ ANWULUALNUINVDIFIUUTLNDUNIEDIN

e =

Fasolud

2.5.3.1 Front Panel viaviinyl azidudinilidonnuiusevninsdldfulusunsy ooy
380 User Interface) Ingvildagfidnwapmilouduniinivesweseiesiloniogunsalitldau
funnsiaiag T Tneilaguszneusne adnstade, Yudae, June souanuandousiuaaai
fdanunsadmun dufudiduessunsdeulusunsussny Visual favansasazdlafuii
Front Panel Haz1U3suiaiioudu GUlvoalusunsundo Vi duies smiusdlsznaud
2.17
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3‘1117; 2.17 Front Panel 994 Labview

Object ﬁagj‘uu Front Panel agilagatuuseian Ag

- Control AisUszianiifuA1a1ngld (nput) Fegldarursafinsidrasly vieldiundadniiie
WaguuUaseld 1wy Yamyu Juideu aind [WHusuy

- Indicators AauszLamilduansdirineqiiniu Output) gldliannsaudlold wu nsw funes
LED

- Decorations 481 Object fildifertasfiulusunsuuazcode vy Block Diagram wasuiiliiite
auarsuuszidiounes Front panel indutiuies nvazves Front Panel wananegy
solud

2.5.3.2 Block Diagram ilaliinAnnudilededy 151819189 Block Diagram iduwaiioudu
Source Code %38lUsKNT1YD9 LabVIEW %wifmg'jwagiugﬂsuaqmm G %4 Block Diagram 1
feoindu Executable Program feanunsafiasyhauldviufivasdendnusznisuileiife LabvIEW
wiinsnsaasuanuianatnveslusunsunasanal illusunsuagyihauldfdelelaid
foRnnaralulusunsuvindulasgldarunsofiazgmeaziBenvosanuianaiauandl il
nasanawilimadeulusnsuduieiunn auslusenoud 2.18
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gﬂﬁ 2.18 Block Diagram ¥84 Labview

drutsznaunely Block Diagram HazUsznoudis flafdu Arasil Waunsuaauaunainey
vi3elassasns ntuluudavarumant daazdnngluziues Block lagldsunmssioans (Wire)
dm¥u Block fvmnzaudndeiu iledmundnwmznisinavestoyasening Block waniu ¥
Trideyaldiunsuszanananuiifoinisuasianinasenunliudgldneld

5U# 2.19 Block Diagram ¥4 Labview 7in15%191u9%4
Block Diagram Node
- Node A95U Icon iegun Block Diagram @43l Input wag/v3e Output kazagyinaIUAILMTNT
dlefinsuldsunsy Tnunvaduamviandn
- Function o Node fifiwiinifugiureseouiames dausliaunsafiasnmndiluy seanden
Mmeluladn Wu n1suIn n1TR
- SubVis #38luN1¥ M NLONAKITE19LT8AIT Subroutine 50 Subprogram AolUsunTUEDY
fignidutuuiiogninundenldludnlusunsuvils isamrsnidnidalug front panel uas
block diagram 1¢1ile double click i Icon a8
- Express Vls Ju subVis Ussinnfivavdewdiowsideon Express VI 11719UU Block Diagram fiuag
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UsIngutieng Configuration usnidieliandnlutlousn Parameters g audaanisuasiilo
oudada tufievadaddnlimelunlutRnuiislageinly fwemuanuisaves Express VI
lmsunulisndudesdens Input ey Parameter avmmldgnadiatusnudagnifivly
meluBeudosuds 3eiildnsdou LabVIEW heuazidituinn danndesExpress Vi axdl Icon
ywalvgfidiundadudih anusuusenoud 2.20

g‘d‘ﬁ 2.20 79819 Block Diagram Node

2.5.4 sguu DAQ uu PC
S¥UU DAQ Uu PC Aanszulunisiuniserumdayaiunisdndiudidnliiivlily

WheANAUY PC WieN15Ininsent daiu visenansuasall Tuediuinguszasdlunig ads
VI vesisazuennandu Fesyuu PC avilldiuusznausy 4 dunienu Ao diuvsauvasdyey
d1u819aKa5 , Signal , Conditioning @9uguUnsal veganAwis PCatugUUusenaud
2.21

- s Cata Acguston
".ﬂ;l'ﬂﬂ . L }. CQuas e o

&)<

\
Aralog Digtal, hlernal of VN Apphcation
Pt FronbEnd o egraled _ e n
or Sensor Output External PC-Bys and Oriver Scftware

Ul 2.21 druUszneueasruy DAQ
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<

fyaaiisazineadudyay YeuIReN (+139-10V %39 4-20 mA. ) w3ed

do.l

o

<

YIURINDANTD
onavInandures Sedyyraunanioy ggnieaeiinluludiusniaunfBidnnseldndiionin
Signal conditioning m%v‘iwmﬂum31J3U1J§ﬂawumw1m1wlmmuamauﬁ%’iﬂmaamLmDAQ
seld W Siduaadvundniiuly fesdemenslilvgtu viedyanoudunlngiuldiges
annaudyadlimanas Wudy @dyraulidnvusmunraunaisinludndudeaii Signal
conditioning Nﬁi‘gnﬂﬂ%ﬂmualﬂ ) @1%5U815AUI5DAQ quﬁugwu%mmm%é’mwm
wssfulnAreglutag +u3e-10v windu Gensauaitazgnindeuu PC Aifilasulinosuasd
wennAinduiideusevenuiansuiansE Uy LABVIEW [7]

Jod
9

2.6 Bit pattern media

JUN 2.22 wansdnsdiussegrieseniviewlulnimielasenlyd

1NNWNT2.22 UARISASIEITDS hole UUUAL platter MndaTdummgUnwiuaiiuil 200
nm agil hole pgd1uau 5 hole Fsndeyatimusathummanduinugusnandaseisves
hole uslazgald Tsagshlsannsothadildunusznamvesioululmnideulnoonledig
yuawnzadlunsUssgndldivenseanta Tngisamsameavuaduriugudnaislaainnis
iigudadiuanananiugunw Tnganguaim fvunnnue 200 nm i hole Aedudiuau 5
hole Waisvinmsienedimnuainalasendonsuszanae aldAvesosinessning hole
usiaz hole Wiy 40 nm ndeyaidesiumdrdannsminildlunsuszanmunvesdusiiy
gudnansmuainaiildainsuazanansavenvunadusiuguinaslneyszsnadivanzaniunis
thanldedsmsiinumsdaaneivuaduiugudnawemeululnnieslaeenludd
thanlfidudauivuulusniasadldiielidvueilndidssiunniandssgndldausianniiga
(8]
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uni 3
A5AliunN15IY
TuanAdedlavinisduasizivounlulnmdeulaeanlan Tnedsnseluladwdudmsu
T dulnuuuy Wefnendadefidmaneanvardygiuvemowilulnmidsulesenlys

(TiOy)
3.1 NMMRUANISHAZIZELLIATIUNITATUY

AN 3.1 WAPAIMUANITHAE T2 N T LN TA T UNIT T IUUAULANASD

YALLDYANINTTY

1. ANSWSENIIUITL/NSANYILBNENS

2. MUUABKUNIT/ATNITANTUIIY

3. anfluride/iudoya

4. NMTIATIZAANE

(%

5. MITIPIULAZLNULNT

3.2 wanA1nInazlasu

wUseantlu 2 d1u Ao @IUVBINITENWUY LAY dIUVRINITNARDS
3.2.1 d9uvBInN1508NUUY

3.2.1.1 @y Hardware ageenuuuLiionuais suazauazaanlunsmaass lagvin
aseudnnes elidninesidussuulanasiuimesinassd 2 wisiioanuazainlunsnii
FunuLazimuasTazissEieTuliai dWevildnnsuaniasudidnnseuseninstalnineg
#09lANULEDYS

3.2.1.2 @1uves Software Aonldlusunsy Labview Tunsiumiainnszuaainiades
Daq Multimeter uag JufinAinszuaainnisnaaes lunaidieg wWietdunldlunisinsien
wunsiinsufinAe
3.2.2 d9UY89N1NAADY
MsifiuALqUesHard Disk Drive nga$1s pattern Wiufauuiman da Bit Unfazi3osderiu
ogliifuseidou Foilildfuiios Juilianugiios 1s3siinisadns Template Liteld
dnfusinunguivosansiliiadeulidusy DouioaniuilunsFeafias Faazsilsf Hard
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Disk Drive fiA1uqiiinduaiuludae
33 ta3aefio/imaluladfildlunisiiide
3.3.1 spsdofildlunisinide
3.3.1.1 dnnesauin 250 ml

3.3.1.2 Uninasvune 50 ml

3.3.1.3 ¥IALAIFUBLNUUIA

3.3.1.4 nseuUanmlg 10 ml

3.3.1.5 nsguannag 100 ml

3.3.1.6 Maduin 2 v7m

3.3.1.7 WVLAIAUENS

3.3.1.8 FoUANEIT

3.3.1.9 Power supply

3.3.1.10 Unaseit

3.3.1.11 WALLASINA

3.3.1.12 whulymniieu

sUN 3.23 wanspsedienldlunisvinide

3.3.2 gswafifldlueuise
3.3.2.1 Ethylene glycol
3.3.2.2 Acetone

3.3.2.3 Ammonium Fluoride
3.3.2.4 De-ionized Water

-23-
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sUN 3.24 uansansiadinldluauide

3.3.3 wAlulag N lglun1511338

3.3.3.1 ¥a DAQ Multimeter
3.3.3.2 1UswnsY Labview
3.3.3.3 1Usunsy Solidwork

sUN 3.25 walulagnlglunisvinidy

3.3.4 wa3esdianldlun1siasnziluauidey
3.3.4.1 Scanning Electron Microscope (ﬂﬁ@ﬂﬁ;ﬁ‘ﬂiiﬁﬁ&ﬁﬂmaULLUU?{LLﬂu)
3.3.4.2 Atomic Force Microscope (ﬂéj’e)ﬂﬁ;amiﬁﬁl,l,i\iawam)

a

3.4 Banni1swazisnisaiiueiuiae
I'4

3.4.1 inmseanuuudiasaudnnes
3.4.1.1 ¥n19I09UInv030nNe3 LNYINA1IAIMUATUINRINY

-24-
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3.4.1.2 yihmsesniuukardassn nduaulusliuy 3 48 3nvuianinasdagldlusunsy
Solidwork

5UN 3.26 wuuamihmvesrhaseunines

C%

3.4.2 1N159BNBUUBAZES19IUSHNSUFINSUBIUKAZUUNNAINTS W
3.4.2.1 99nBLUULNUNIAIUAA (flow chart)
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JUN 3.27 uansunuianNAn (flow chart) Mseanuuulayaalsunsy
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UM 3.28 wann1svieuvedlusunsy

3.4.2.2 WeuldswnsuTunnainsewalaaldluswnsy Labview

1Y

wannsyieuvesiusunsuluun 3.28 Wudsdl

- enaudl 1. dwvesmsidenlrlawmesildifiudeya/aislndiieiudoya Tuduves TIME v¢
\Wunsimuninezidutdesdildtuiin naludiwves mA anfunsivuadnazfudosiild
JuiinAnse i

- wnaudt 2. dwmasnistmuedt nan anutiufisst Faaluidazdsuendsssezinesening
nstudinarluudazafs lnslunissufindisasiinisuamiagan dadiunit (Ju
Wi

- snaudl 3. dmvesnssuAnszuaiinld ane3es DAQ Multimeter 1519g3hmsAsetoya
vesnszualiiniinlalundazinat snuansduazsdouiinistuiindely Tnsisazdewiinig
wUasmiagveenszua 310 woud 1lu fadueoud

- anawdl 4. druvesnstudin 151ezvhnsihdeyatilaiuainiaies DAQ Multimeter 11¥1
nstuinasluliiduasTnanes afignszylilurenauil 1 uasimaunsoideyadlulddely

g1

3.4.3 d@51901asaulnnasniuwuuNiinisaanwuull
3.4.3.1 aswdwveshaseudninesuaziinnisaigs

-27 -



]
=1

JUN 3.29 w1ATou

[% ] 1 o Qy < v Y a a
3432 AINAIUVDINTNAUYIUIUIINUDAAIN VUIA 4 UaaLUNT

1
o

5UN 3.30 suduTuau

32.4.3.3 UeuduIuauuiusenaunueiasavaslataseudnineseanun

JUM 3.31 FuundiUsznaudsa

-28 -

-28 -



-29-

3.4.4 Asn1saaaszivisurlulmnilsulasenlanlneiSniselulaleduy
msdanszsvieululmmieylnoenledlineizniselulawduiinusedndlafia 20, 2508230
Thad Wuan 1 F2lus 45 it Tnedisneazidonlunisdansieided

3.4.4.1 ¥Auaredunuseedlay wddsdetiusaanlosswiiefindusenlydd
Antuteslaosssurid 9nduriinsin 1w

Ul 3.32 yharuazerntusudiserilny
3.4.4.2 vnsweluladtunulpelilnmidendedniudauin (Anode) uazsounsiiddniudaay
(Cathode) vounassdalnfiinsyuansefinnusisdnsladin 20, 25 way 30 Taad Audy
wiudluasazanedidninsladfifensnauseg iy

5UN 3.33 n13degasiivesineluladyueu

2.4.4.3 11T UIUDDNINTNNBIHAIVINAMUELEIAA81NUIIFINteeaU waviNISiUN iR

-29-



sUN 3.34 viA11uageInIuIUAIBUNUA"

3.4.5 thzusuluasrageunisiiaviounlulnmideulasanled
Tnoirdesilofildvinnisasiaaeutl 2 Ussnndadl

1.Scanning Electron Microscopy (ﬂﬁaﬂﬁ;awiiﬂﬁﬁLﬁﬂmauLL‘UUﬂLm‘u)
2.Atomic Force Microscope (ﬂﬁaﬂﬁ;amiiﬂﬂmwwam)

3.Field Emission Scanning Electron Microscope

3.4.6 @3UNaN1IVIAADY

-30-

-30-



-31-

uni 4
NAN152UALNISAUITIUNA

INAsANIarITunIsduas1ziiau lulnmiisnlaeanlen Tnedsn1seluladwdu

=

dwsuldiludauduuy Wednwiidefidmanednvauzdugiuvewowilulnndeylaoanlsd
(TIO,) MAnYY Falarianisivasuatnuas@ndlninlalunisneass Felananisnaass
fatl

NANIINARDY

4.1. waneanuduRusvasnseualiildluntsnaseddagldinan 105 wad
Asuansruduiusesanssualniiilamnelulawdulasnsseanusedng i

fitdsladi 20, 25, uag 30 Tadlfansazanedininglad TnsdunuAowiulnmouegi

Frnnsevhiadudanelun uay wisnslidegfitraunseyhiadudouaing

4.1.1 AANUANNENEN 20 1@

JUN4.35 n31vluansnnuduiusvesnssualuiinAiniusisdndn 20 Tiad

310519 3UN 4.30 agldminseualiingeaniiaansudu Za1vniu 97.83 mA uag A1
nszualnieigaiiawiniu - 0.37929 mA ivian 32 Wil

4.1.2 ANAIUAIIANET 25 Taad

-31-



-32-

JUN4.36 nsuansanuduiusvesnseualuiinarausinedndn 25 Tiad

o a1 ' [

1INNTNFUN 4.31 gladrnszualniigeganiansudu Ja1vindu 12238 mA wag A

a

nszuabidigndidindu - 0.37929 mA fivian 43 w1

4.1.3 A1ANUAIANEN 30 1

JUN 4.37 ns1viuanspnuduiusvensewalniineianud1sdndn 30 1aad

U a0 1 %

NN INFUN 4.32 azlernseualifingeganansudu JAvnAU 184.88 mA Lag A

)=

nszuabiaiandid1indu - 0.37929 mA fLan 50 udl

-32-



-33-

gnnsinsiaansualniihfidsuluidisuiunaitlunisiniseluladisdundanznuiii
3mﬁu,iﬂsuaqmw‘hmumsLLﬁiWﬂ’]ﬁ%wuié’%fummméaahaﬁu%ﬁmqwm A 97.83 MA,
12238 mA way 184.88 mA audsiu wazvdsanunansuluiieslifiunfidnssuatufivzanas
asi'mmL‘%’;LLawiaLﬁawumzﬁ"qﬁqﬁ;mwﬁqﬁﬂ'mLalv\Iﬂ']ﬁ?uﬁmisué’uLﬁmqasﬁuLLazamaaaé’uﬁu
luedusazannsavenldifiyaiinszualiiianauazaduiuiuiions dugaddleniad
sztinviourlulmmoulanoonlediuvuituitvesdusiy

4.2 NuRinvesBusunaunazndseluladdlendsslulasalay
\dosnnituindasureasulmidouiiayldluniseluladfisianusnsdng 20, 25 way 30 Taad
fnasiosnuarnsinveutlulnmideulaoonled (Tio) Snidunumndeuiiegdnuueiiui
srondaslulasalaufifidaens 100 Wi Aeunsieluladiierhnisasiaaeuainudeuuy
A1BusuLazAs19de U uRIveIT uundInsiielulad tieAnwinisidsunlasue ity

(%
a a

NaT3udrunoukaznadnisiielulag

4.2.1 A1ANUANANGT 20 Than

5U914.38 Lanaiiuiivosdusunaukaznateluladvesfuauiiainnudadnds 20 1aad

4.2.2 A1ANUANNENGN 25 1ras

-33-



-34-

3UN4.39 wanafiufivesduunoulazndseluladvestuanuiiA1nuaedngn 25 Tiad

4.2.3 A1AUAINANST 30 1an

JUN4.40 wansiuilIvesfuIIuisukazraseluladuesduIIuNAIANA1dnn30lad

nnstdunulddesmendetlulasalay aziiulaindnwazvesiuRvenEulmdeuiinig

Wasuwlaslundsnisyieluled Tnewnulnmiisunaunisvineluladaziidnwusiuiiffeudng

[
a A

~ ' A o ' ~ ° 't | ' ~ A A
Seuwazlivguse willetwiulmmiteuluinseluladasnuinusulnimllondnuiinvgvse
dg” dslj a =1 1 c': q" a o a a dd‘ a d’g
WInTusagiuilinumeu ladiauedieisaziinunannsyiugnsemaliidweiningu
SENINNITNAADITIAA TN URIVDITUINUTULANA MU ANLAUTI A8 AU T UTUN DUV D4
NS HUNURIVRIT U UNBUYIINITNAaRstulTuFsudulunsduasisiviaunlulnmiloyle
98N lYAladaNANURIV UM UAIAUT AT ULINkaz v gYsTlladFuulUinselu

-34-



-35-

lpdudatusunendsmsvhelulediunsdinaiianuidsuinnweiivgilinsiaSesivesiont
Tusgduiiiels TumanssfudnudidueuduifuiafildSousazaguszann nendminnis
yhmseluladdunuaziiianungessanndtuiazasyinlinisdnidesivesionlulmndels
oonlediAntuoghiliauysaiuarliidussdourniiang

1
=1 a }%

43 amuansdneuznisiaveululnmideulasanleduuiuiadienios AFM

iesaneunTulnmieulaeenlediilédannsdunsividuilssduidnuinuaslaiaunsa
vpafiulddenan daulunisasinaeunavesnisdunsieivieunlulnmieslnoenlodiuis
dodldndesqanssatiussesnon (AFM) Tunmsnsradeudnuazmainuesdunuiinnusadng 20

1ham, 25 17am way 30 Lnaa

4.3.1 @1ANURNNFANGN 20 1ras

JUN4.41 uansdnuwaznIsin e luTIOUURURIAIEATOIAFMTAINANIANE 20086

-35-



-36 -

4

4.3.2 A1AUAISANEN 25 1an

3UN4.42 Lansdnyaizn19Aava U luTIO VU URIAI8LAS DIAFMTANANNANE 25304

4.3.3 A1AIUASANEN 30 1am

sUft 4.43 wansdnvazniaiaveunluTiouuiuiadsniosAPMa L1 sdn§301ad
mnnnidunuldesgdnvazninisvesioululnndeulnoonled Fendesqansaaiuse
pgmau (AFM) annmagiiuldihiduitdnvuradovioululnmienlaeenlefiAntiuuy
Funuiianusiedng2o Taadt 25 Taduay 30 haduanyitunuiimafavouTulmmdele
oonludiintuuinisdesiendesganssminssoznon (AFM) asLdunisdosuuiiuinvostua
wudestufiessnsnaeuihiunuduiimafaiuromouTulmmdela- aaﬂismﬁuuﬁ]iaﬂauw
%uwuﬂ’mlﬂammﬂﬂaaq Field Emission Scanning Electron Microscope (FESEM) anmwm

-36 -



-37 -

Wenvunveadurugudnaravesiowlulnmieunifiadularinvuinanueivesiounly
Tnmitenlaoenlenniundas Scanning Electron Microscope (SEM) saly

4.4 wananmnsiavisunlulnmiieulaeanloauuNuRBUIUA8LATDS SEM

Mnmsthiunundesnendesganssaiusieaen (AFM) iedunsnaeuidosiuiiuauiia
viowlulnnideslasenladvielsl nnmildessnndesgansiatiussoznon (AFM)aziiuleing
nsinvemeululnnieuleenles 193sthTunuindeswuuasiBendnadmils el
ansamvesiewlulnnidenlaeenleditamuiusiondes Field Emission Scanning Electron
Microscope (FESEM) #ifndsuene 50000 win

4. 4.1 AANUANANGR 20 Taas

JUN 4.44 uansinuaiznisiavielnuilleulaesnladuuiuianig ndes FESEM 1999ua1uile
AuAeAng 20 Tiad

4.4.2 A1ANUANNANGN 25 Than

sUN 4.45 wansanwaiznisiiavielmmiieulaeanlanuuiiuiisendas FESEM 9849

D@

al

FUNUNAIANMUFENE 25 1aan

-37-



-38 -

4.43 AIANUANANGA 30 Tad

JUN 4.46 wansdnvazmsiiavielnmdoulaeenleduuiiuiiiniendess FESEM vadguanudian
ANuAaAng 30 Taad

Mnmshtunuludessaondos Field Emission Scanning Electron Microscope (FESEM) i
f1&3ve1e 50000 wh sz mlaesmvesiewulnmidedlaeenledfildiaudnisuuas
anunsaupLiudnvardugIuuaznsinseesieululnmdeulidaiauniinisdesing
NABIRaNIIALLIRENY (AFM)

4.5 uansvuraduritugudnarsvasvielmmisulasanledvastusiu arniades FESEM
dlorsniiduauitldludesdaendendeas Field Emission Scanning Electron Microscope
(FESEM) #ifndsens 50000 wh awitldfiennudaausnnuazanansadaniesgimaunnyes
durugudnansadsvesiefiintuuuiuaiuiidiaauniadng 20 Taad, 25 Taad waz 30
lad

4.5.1 AANUAIANEN 20 Than

-38 -



4/25/2016
X 150,000 15.0kV SEI SEM WD 7.3mm 10:58:53

¥ ' '

JUM 4.47 uansvuiaduriuaudnasvesieMiAnudernlaeg s¥1319 30nm - 40nm

Y

4.5.2 A1ANURANFNGN 25 1Ias

100nm ThEP 4/25/2016
SEM WD 7.1lmm 11:03:32

AV U

4.5.3 A1AUAIFNGN301a8

-39 -

-39-



-40-

— 100nm ThEP 4/25/2016
15.0kKV SEI SEM

JUM 4.49 uanudurtugugnalavevieindudernlaegsening 50nm - 70nm

4.5.4 uansauduiusvesArnnusdndlniuaziduiiuaudnana

JUN 4.50 uansnsnanuduiusvesmausiedndliihuasiduruaudnans

nmsveluladlaenisldauseings 20 Taad | 25 Toas waz 30 1aad wadilade auInves
Guruaudnasesieululnmdenlasenlediufivureaidefie 35 nm , 45 nm uag 60 nm
pudrdulngnnuaiilddagidusivsvenimuwavenduiiuaudnarsnisluvesviouly
Tnnidlosleeenladiasanumunvesdsieululnmienlnoonlsdiuazdnnuduiusuuunls
Funuuatnua1efngildluntsieluladdsdnsidesnislivieunlulmndouiiduniy
gudnananeluvFendsfiniadufiazdedldmnnumedngfunndunuluge

4.6 wanapnNeveiau lulnmilsulaeanlanainesas SEM

WL ms1uIndunuiinmsinavieutulnmfleulneonloniuase 1519zau150IAMIUIN VLAY
duAudnanmeluvesiewnlulnnidenlaesnledld fdausdwunsnszynnugiveriou

-40-



-41-

lulnmiteulaeenladlameguiulagldiaias Scanning Electron Microscope (SEM) Tun1sin
miarAuevesisullulminideulaeonlas

4.6.1 A1ANUANFENGT 20 Thas

JUM 4.51 LaneANg1IvevieNiinTuTeilA1agsening 1.1 UM - 1.4. UM meiased SEM

4.6.2 A1ANUANFANGN 25 1an

[
= a1

5U94.52 wanspuevevioNiindudllrtegsynine 1.7 UM - 1.8 UM a3eia3ed SEM

v

4.6.3 A1ANUANFANGN 30 1aan

-41-



-42 -

[

3UN 4.53 uaninnugnivesioiinduddlaegsening 2.3 UM - 2.5 UM siegia3es SEM

4.6.4 ANUFUNUTITENINAIANUANANS INHLazAINLe1vB9Ie TIO,

UM 4.54 wanansinanuduiusvesatnudedndliiiuazaiiug1ivesa TiO,

91nM1514ATee Scanning Electron Microscope (SEM) desvnanugivasiounlulnimdela
sanlgdgnuindlofiuamanuiisdnglidia Tnanisldanusmednds 20 Taad , 25 Taad uag 30
Taad wafiléfe amuemvesiowlulnmideylasenlasdufioumadenol.7s um | 2.05 um
way 2.25 um awddulasanuadilddezidudivivenanuevewioululmmiels
ganled damduiusuvuudsiunafuaanusedndildlunisvheluladlnedannusedngd
TWlumsesesfunniuazhlfmainuindemaznsedouiivesleseudasyluditunuldd

-42 -



-43-

YUFILAWAAMUANVDITUNULINTUMULUAIE Fatuas1aaInIsiviaunlulnmdsuiianing
gMMANLNTU IR ITANANUANENSANNTUA U TUA8

4.7 u,amam%aaﬁwuﬁuﬁfa%ummﬁamaauﬂmauﬁ'ﬁmmuﬂu‘lﬂmﬂﬂﬁn

anuaudiniwesnlulnmidelaeonled AeanauiAlelasindn Wuanautvesiuisilivey

1N aﬂmammmmLﬂulaimiiﬂ/\luﬂlmnﬂmifmummmuuwum%mm Fatuisieaulofiay
wmaammamumuﬁuawumuwmmsaiuimmammmmmﬂw 20 Thad , 25 1had way 30
Tad

4.7.1 AR 1dnsd 20 Taas

UM 4.55 wansyuvesivuiiuihdunuifionageunuaudianuiulalasindn laandsyy

v
=

A9 116 99FN
472 A1AINUAIIANEN 25 11an

UM 4.56 wansyuvosvuiuindunuiionageunuaudiauiulalasindn laandsyy

v
=

AB 104 93A

-43 -



-44 -

473 A1AINUAI9ANENA 30 Tad

JUN 4.57 uansyuvesvuiuindunuionaadounuaudianuiulalasiiin laandsyy

v q
&

AR 92 83FN

v 6 1 1

4.7.4 n9uansAuduiusArauaadn gl finuasyuve s uuiuR YUY

UM 4.58 uanansinanuduiusAtnuad@ngluiuasyuve i uunuiaguy

nn1snadeuauiulalasindn lnen1sinAyuvealnuuiuivesiuIuNALA9ANE 20
Tad , 25 Taad war 30 Taad wudndunuiniiausidnddesaziinnudulalasindnuinnds

-44 -



=45 -

Fuauadeanuasdndgadsaanudulalasinindawnsadiluussgndldlundnduginieg e
WU @100, ATUAULAA LAY LURDIAINY)

A135719% 4.1 LAAINANINAADY

HANIIN1TNARDA Faavaadunty FUDIAIUYIVID ULUBITUURUTUIY (29717)
Audnatsusevie (nm) () AR

A NANED
20 v 30 40 11-14 114.54 | 11401 | 118.06 | 116
25 v 40 - 50 17-18 105.61 | 101.39 | 104.28 | 104
30V 50 - 70 2325 9337 | 8523 | 94.88 | 92

AN IEAIHANITNARDINEAIINNITNAABINAIANUFAANS 20 Thad |, 25 1as way 30 Laas

NANTNA 4.1 FRAITIUAAIANTINLATLAIINNITNARBINGTIIAD NITMVUIALTURNIUANENAS

yawiswulmndsulaeenlen , nsmanuevevislnniieulasenlen way N1smALRAY
YUYBIUIVUHUEITUIY

-45 -



-46 -

uni 5
ayunan1sITeuasdatauaIuL

51  d5unan1sidy

MnmMvaasuilefnuniadeiidsmarerevuaduinguinasvesionTulnmideule
oonledlaglinszviummisliiiuegl Ao Bnselulaiwdu  Iasmsirgliinszuansdluss
Al 2 Aldun Fvandentulavelnnden nssvhduduuelun drauidoufuurunsing
nsgvidndudauelng Tnetts 2 daudluansazanedidningles anmsdnvuagnsmnassnuty
msinFessvesiounlunidenlaeenlesarGuinsdaSesiuiuguiwomeuazdnes
fegradusadeufinnussinddaud 10 Tastuluuazasdusadeuinniumumanusiedng
fifiuduseaulafiosvhmanaassiisnanusedng 10 Taad way 15 Tad waziiansaaouNg
fldde  limulasadednunzadeviovuiiuiestunuiensaasuldihiiausadngdll
dawaliAsvioululnmiey Fuadudeniiavldauiienusisdndiunniufae 20 Tad | 25
Thed we 30 had  annmsdeeenuisdndliihazdssaliinaulifindunely
asazanedidninsladiailfiAenuandeudidnaseussninedaluitiy 2 waiildfe o1aifn
Huildueonludffidnvusiusmngu vie viowueuily lasanmsdnyidoyadiadsanunaine
asuldvneviounludausaulassnldiunaduiuaudnaidlutag 27 - 30 nm wagdaded
danadevunduRIugudnauetie  fle  AAudndnduanselaliiiannfineaide
wuhimanuieAndveanssualiindmarevunaduiuaudnaavewisunlulnmnideule
oonled anzdinihisaulafiazvaasuaz@nuiduusdnan wWelldvunveaduriugudnais
gosieululnmiilolnoenlesauiigenis mnnsvaasaUasuiauseing 3 a1 Ao 20, 25
war 30 Toad wudniiAinnaeiedng 20 had vuiadusihugudnansveaieululnmiesila
oonludeglutis 30 - 40 nm feAnwsnedng 25 Taad wadusuguinarsvesieunly
Inndleulaesnledegluyag 40 - 50 nm wagAANUA1ANE 30 Taad vuAEURILALENANUDS
vieululnideslasenledegluzig 50 - 70 nm uldiimAnuiedng 20 Tad lduuin
urugudnansvesviounTulmmidenlaeenled leumnaveadusinugudnandindiAssiueed
fosmmunniign  Jaaguldidmnuinedng20 Tad  Iamsnzaudenisdaunsiziivioulu
Inondeulasenledluzag 27-30 nm  wseehdlsimumsfiasidunuildannimeaesin
UszendlilunsdnsadoumsBesiives grain vuuku platter tudiliannsaviildidesan
Snunzvesiefldd  mataSesimesiedslilfusndovmnnnewsssnenuatinasoos
fufnuazveaduinugudnansiadsiuisaasfeddiunisuivsaiudiluduvesiufintunu
dielvitunuiildesnindanuanysainndstuuazanansatunyszgndldluueiu platter 1639
paimenidlusuansely

5.2  Ualdusnkuy

-46 -



-47 -

1.9ywmisesanuldidussifovvesmsinBesivesiewlulnmiieulaesnled o 1 9 &
ALUAN1INAIUUTFVEVDITUNUAA UL TEIUNTVAABIRALANMUISHUYDITUNUNUINYN
nselulagdsazifentesiudunauluniswisudueu

2.M33TUNUsEEIWiBEnnsaiudunulutunsunsvheluled aisdnangline
aosdhulvuuiiluwwnaielinislmavesussgauiulvegaluszlaunasaiaue

LWNE5D19D4

-47 -



-48 -

[1] 95311 UMAWAT . 2559 NAlNNITAAYIE . NTUNNUIUAT . LENANTENHLU

[2] SATAPORN . 2559 . “wugihansimmdenlaanles” ngammumiunas . wonaissndniun

[3] a0 duuInNTITUMALITAILINTEUIUNSISEUS UM INeTde Wiina . 2559 . Scanning
Electron Microscope (SEM) . [Online].Available : http://www.il.mahidol.ac.th/e
-media/nano/Page/Unitd-5.ntml

[4] goduuInNTTUUALITAILINTEUIUNTISIUS UnINeTds wiina . 2559 . Atomic Force
Microscope (ﬂéjmﬁgamiﬂﬁl,mawam [Online].Available : http://www.il.mahidol.
ac.th/e-media/nano/Page/Unitd-5.html

[5] AOdle Ui . 2559 . UFURNT wedia gzal . Lenansendiiun

[6] Anonymous . 2559 Field Emission Scanning Electron Microscope (FESEM) . [Online]
Available : http://thep — center.org/src2/files/eq/fesem.pdf

[7] Uaudinuvninenas de1u. 2559. TUsinsy Labview. [Onlinel. Available : http://
www.researchsystem.siam.edu/image/coop/DESIGN_AND CONSTRUCTION OF
ELECTRICAL_ MEASUREMENT USING_LABVIEW _PROGRAM/ch2.pdf

[8] ELIZABETH A.DOBISZ , ZVONOMIR Z.BANDIC , TSAl — WEI WU , AND THOMAS
ALBRECHT . 2559 Patterned Media : Nanofabrication Challenges of Future Disk
Drives . [Online].Available . http://ieeexplore.ieee.org/ieee_pilot/articles/96jproc
-11/jproc-EDobisz-2007600/article.html

[9] pife Aadoyna . 2559 . Besthivesndesgansamididnasouuuudsinsim . [Onlinel
Available : http://www.atom.rmutphysics.com/charud/oldnews/192/SEM.pdf

[10] n50d wéven way At el . 2557, “ladesiandanulng DAQ vissamiy
Labview.” Usayegriinus ananisiensslnil puzimnsmaans , iniivneiae
wAlUlaEIITNABAILUN

[11] ¥1A3n Wusting way 2358 Anfids . 2553 . “msnwinszuaumseglulaediiie
HanuTsiuluegiiileueanlyn. "vauuny. lonaisdndiiun.

[12] nuna5904 WiAal , afimey Wk uay 832571 Bud . 2559, “msdumsziikagnii
aoulondnualvesiannauuslsiaa-lnsstnelave Buvidatenamgusduulumng.”
LONATONELUN.

[13] gwid w1 . 2559 . “ndpsganssaudianasouluudeinsianazinassiiadian
ATOU.” NTUVNUIMUAT. LBNAITIAF L.
[14] 5wy . 2559 . “wlunasadinou.” wna1sondu.

[15] Craig A. Grimes and Gopal K. Mor . 2009. TiO, Nanotube Array. [Online]. Available:

WWW.springer.com.

-48 -



asusulszanaalgianigdunsuizuitnisideflagtu @uunauniaaildine)

wu2nA1 14 Aleane (Un)
UYARINT : AIEYIWUNITe AU 93
U 1 AU X BRI 15,600.- U X 6 93,600.-
MUIURDUY
JUANLTUTY
ANRNDULNU -
Aldans 46,200.-
GRPGE) 35,000.-
AasnseyUlang 200.--
UAMU: AR -

¥
v

Juuszanaunangly saua

N
=
N
|
_U'I
O
O
O
c
5
=

- 49 -



Enhanced hydrophilicity for TiO» nanotube

array by simultaneous nitrogen plasma and
thermal annealing treatments

Cite as: AIP Conference Proceedings 2010, 020008 (2018); https://doi.org/10.1063/1.5053184
Published Online: 05 September 2018

Chanawee Sattha, Aparporn Sakulkalavek, and Rachsak Sakdanuphab

AT
L 11
L 1J
N

View Online

ARTICLES YOU MAY BE INTERESTED IN

Effects of spin-coating recipe on the transmittance of spin-coated TiO> films
AIP Conference Proceedings 2010, 020002 (2018); https://doi.org/10.1063/1.5053178

Synthesis and characterization of F doped ZnO nanopowders by chemical routes of co-
precipitation and sonochemical process

AIP Conference Proceedings 2010, 020004 (2018); https://doi.org/10.1063/1.5053180

Improvement of energy gap prediction for hybrid perovskite materials by first-principle
calculation
AIP Conference Proceedings 2010, 020009 (2018); https://doi.org/10.1063/1.5053185

AIP Conference Proceedings 2010, 020008 (2018); https://doi.org/10.1063/1.5053184 2010, 020008

© 2018 Author(s).


https://printorders.aip.org/?utm_source=Scitation&utm_medium=banner&utm_campaign=PDF%20Cover%20Page%20POD
https://doi.org/10.1063/1.5053184
https://doi.org/10.1063/1.5053184
https://aip.scitation.org/author/Sattha%2C+Chanawee
https://aip.scitation.org/author/Sakulkalavek%2C+Aparporn
https://aip.scitation.org/author/Sakdanuphab%2C+Rachsak
https://doi.org/10.1063/1.5053184
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.5053184
https://aip.scitation.org/doi/10.1063/1.5053178
https://doi.org/10.1063/1.5053178
https://aip.scitation.org/doi/10.1063/1.5053180
https://aip.scitation.org/doi/10.1063/1.5053180
https://doi.org/10.1063/1.5053180
https://aip.scitation.org/doi/10.1063/1.5053185
https://aip.scitation.org/doi/10.1063/1.5053185
https://doi.org/10.1063/1.5053185

Enhanced Hydrophilicity for TiO; Nanotube Array by
Simultaneous Nitrogen Plasma and Thermal Annealing
Treatments

Chanawee Sattha!, Aparporn Sakulkalavek?, and Rachsak Sakdanuphab!

! College of Advanced Manufacturing Innovation, King mongkut’s Institute of Technology Ladkrabang,
Chalongkrung Rd. Ladkrabang, Bangkok 10520, Thailand
2 Department of Physics, Faculty of Science, King mongkut’s Institute of Technology Ladkrabang, Chalongkrung
Rd. Ladkrabang, Bangkok 10520, Thailand

dCorresponding author: rachsak.s@gmail.com

Abstract. In this work, highly ordered TiO2 nanotube (TNTs) array was fabricated by electrochemical anodization technique on
titanium sheet. Simultaneous N2 plasma and thermal annealing process were employed on TNTs using different N2 gas flow rates
at 500 °C. As-anodized and N2 plasma TNTs were characterized for their microstructure, surface elemental composition, and
wettability by scanning electron microscope, X-ray diffraction, X-ray photoelectron spectroscopy (XPS), and contact angle
measurement, respectively. It was found that N2 plasma and thermal annealing treatments affect to the change of crystal structure,
surface chemistry and wettability of TNTs. The N2 plasma TNTs exhibits anatase phase with the orientations of (101) and (200).
XPS spectra show that the nitrogen atom from plasma was introduced into the surface of TNTs and depends on the N> gas flow
rates. From contact angle measurement, it can be observed the improvement of wettability (hydrophilicity) of the TNTs due to the
N-doped TiO2 nanotube after N2 plasma and thermal annealing treatments.

INTRODUCTION

The wettability studies of liquids on nanostructured surface or inside nanometre scale tubes have attracted
significant interest since they plays a crucial role in the development of contact lenses [1], biomaterials [2], self-
cleaning and non-sticky surfaces [3,4], incorporating specific material into the tube inside [5]. Surface wettability is
governed by surface chemistry, free energy and morphology. For biomedical applications, the wetting ability of
nanoporous materials is significant in promoting the adhesion of host cells to the implant surface as well as adsorption
processes. For example, hydrophilic surface helps in the early formation of hydroxyapatite and easier attachment of
cell. Water contact angle measurements are a technique for studying and measuring properties of wettability and the
surface interaction between biological fluids and biomaterials.

There are a number of reports on the wettability of TiO»> nanotube (TNTSs) [2, 6-9]. Typically, titanium surface
could be coated self-ordered TNTs by anodization [10]. The key parameters as diameter and length are tuned by using
different electrolytes, applied voltages and anodizing times. The dimensional parameters and crystallite size of TNTs
have effect on their hydrophilic behavior [6-8]. However, there have been only a few studies on the modification of
the wettability (hydrophilicity) of TNTs. The TNTs annealed at various temperature show hydrophilicity, because
thermal treatment remove superficial organic contaminants that facilitate the adsorption of water molecules [9]. Song
et al. proposed a photoinduced cut of organic monolayers on TNTs for a precise adjustment of wettability to control
drug release [11,12]. Despite of these achievements, the issues as preparation of uniform TNTs with desirable
parameters and wetting properties need to be further studied. In this present work, the effect of N, plasma of TiO,
nanotube arrays on the wettability (hydrophilicity) was firstly studied. Simultaneous nitrogen plasma and thermal
annealing process were applied on highly ordered TNTs fabricated by anodization method on titanium sheet.

EXPERMENTAL

Preparation of TiO: nanotube arrays

The TNTs were fabricated by galvanostatic anodization of Ti sheets (99.9% purity, 2mm thickness). Prior to
anodization, titanium sheets were polished with SiC sand paper (from 100 to 4,000 grit). After polishing, the sheets
were ultrasonically cleaned by acetone and deionized water for five minutes and brown dried. A two-electrode
electrochemical system was used to fabricate the nanotube arrays, in which Ti sheet was the anode and platinum was
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cathode as shown in Fig. 1(a). The distance between cathode and anode was fixed at 3.5 cm. The electrolyte solution
for anodized process consisted of Ethylene glycol (EG) with 10 vol% deionized water, containing 0.15M NH4F using
potential S5V for 6 h. EG has a hydrophilic quality that assist the anodization process through the hydrogen bonding.
The hydrogen bonding is based on the OH bond in the molecular structure. The dipole-dipole forces among the OH
bonds between EG and water bring them together easily [8]. After anodization, the samples were plasma treatment at
500°c in nitrogen plasma for 2 hours and gas flow rate were varied in the range of 5-20 sccm as shown in Fig. 1(b).

FIGURE 1. (a) Electrochemical setup of titanium dioxide nanotube fabrication, and (b) nitrogen plasma and thermal annealing
treatments machine.

Fig. 1(b) shows the experimental set-up for as-prepared TNTs treated with nitrogen plasma and thermal annealing.
The reactor consists of a 2.2 cm inner diameter quartz tube and two copper electrodes attached to the outer surface of
the quartz tube. The distance between the electrodes was set at the electrode gap of 10 cm. Glow plasma was generated
between the electrodes by using RF power. The as-prepared TiO» nanotube arrays set in a quartz boat were placed
inside the plasma reactor between the copper electrodes.

Measurement and characterization

The morphologies and diameter of the prepared samples were observed using a field emission scanning electron
microscope (JSM-7001F). The crystalline structure was measured by XRD (D8 DISCOVER-Bruker AXS). The
surface chemical composition of samples was analyzed by X-ray photoelectron spectroscopy (AXIS Ultra DLD). All
the binding energies were referenced to the Cls peak at 284.8 eV of surface adventitious carbon. Finally, the contact
angle of the droplet on the surface was measured by contact angle analyzer (Contact Angle System OCA).

RESULTS AND DISCUSSION

Figure 2 shows the SEM images of (a) as-anodized and (b) N, plasma TNTs array. The as-anodized TNTs
generated on titanium substrate are arranged neatly, highly ordered, and the tubular structure is uniform clearly. The
range of inner diameter is 130 nm to 135 nm. Figure 2(b) shows N, plasma TNTs using N» gas flow rate at 20 sccm.
The TNTs shape distorts from its regular shape when compared with the as-anodized TNTs. It is due to the N, plasma
interaction with the surface and the thermal annealing induced microstructure. However, the tube dimension of N»
plasma TNTs is the same as as-anodized TNTs. This result indicates that N, plasma and thermal annealing have a
great effect on surface morphology and architecture of the TiO, nanotube array.
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FIGURE 2. FE-SEM top-view images of (a) as-anodized TNTs, (b) N-doped TiO2 nanotube arrays with N2 gas flow rate at 20
scem.

FIGURE 3. XRD pattern of TiO2 nanotube before and after plasma treatment in another condition

Figure 3 shows the XRD patterns for the as-anodized TNTs and N, plasma TNTs under various N» flow rates in
plasma annealing treatment. The as-anodized TNTs exhibit an amorphous structure of TiO, except for the existence
of typical diffraction peaks of metallic titanium (marked by T). For all samples with N> plasma and thermal annealing
treatments, two diffraction peaks appeared at 25.4° and 48.1°, in well accordance with the (101) and (200) peaks of
anatase titania (marked by A). In addition, the small evidence of the existence of rutile phase (marked by R) is
observed. Hence, the N> plasma and thermal annealing treatments are necessary to transfer the amorphous TiO»
structure into a well-crystallized anatase phase. It is well known that the TiO, nanotubes with anatase phase would
have greater bioactivity.

Surface elements analysis by XPS was investigated to identify the effect of N> plasma on the nitrogen doped into
TNTs. Figure 4(a) shows the high resolution XPS N 1s core level spectra of as-anodized and N, plasma TNTs. For
as-anodized TNTs, no nitrogen signal was detected in as-anodized while a weak nitrogen peak presented in N, plasma
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TNTs. It is cleared that only a strong N species peak at around 400.0+£0.2 ¢V can be observed for N, flow rate at 5
sccm. The intensity of N peak decreases as the N, flow rate increase from 10 to 20 sccm. However, a new small N
peak appeared at 395.9+0.2 eV can be observed for N> flow rate at 15 sccm. This result can be explained by the change
from absorbed state to the substituting state in TiO, from introduce of nitrogen doped. Generally, the main peak at
about 396.0 eV is typically assigned to N3 substituting for O>" at anion site and here is denoted as N*3~ [13];
meanwhile, the N'S peak at around 400 eV is ascribed to the N-Ti-O structure and above 400 eV is ascribed to Ti—N—
O or NOx species, mostly in interstitial N [14]. We also noticed that the N1s band energy of around 400 eV was
ascribed to chemisorbed N in the N doped nanoparticles prepared by ion implanting method [15,16]. This result
proved that chemisorbed N; in the N-doped TiO; nanotube arrays can be prepared successfully via N> plasma treatment
at 500 °C.

Intensity(arb.units)

1 L
|—]as-anodized

1 1 1
390 400 410
Binding Energy (eV)

FIGURE 4. XPS spectra of as-anodized and N2 plasma TNTs for (a) N-1s and (b) O-1s.

Figure 4(b) shows the high resolution XPS O 1s core level spectra of as-anodized and N> plasma TNTs. The main peak is the
one at 530.5 eV binding energy assigned to the lattice 0> [17-19] and the shoulder is composed of one additional Gaussian peaks
at 532.0 eV. It could be attributed to the Ti—O—N or Ti-N—O linkage mainly in the surface [20,21] which is associated with the N1s
peaks at 400.0+£0.2 eV. For as-anodized TNTs, it found only the O main peak while it found the strong second peak in N2 plasma
TNTs corresponding to N-doped TiO».

The structures and surface chemistry of TNTs have an effect to surface wettability. In general, surface energy and is most
commonly quantified by the contact angle (6). The contact angle on a smooth and flat surface can be expressed using Young’s
model;

g=rsv " 7st
Vv

cos (1)

where ¥ is interfacial energy, SV is solid-vapor interface, SL is solid-liquid interface and LV is liquid-vapor interface.
The as-anodized TNTs have the highest contact angle of 70.0°+4.8°. After N> plasma treatment at 500°C for 2 h, the

hydrophilicity of the surface was improved such that the contact angle decreased. Fig 5 and Fig. 6 show the optical image and
summarized contact angle value of plasma treatment TNTs with various N> gas flow rate. For N2 gas flow rate at 5 sccm, it has the
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lowest contact angle of 17.4°+1.5°. Further raise the N2 gas flow rates, the values of contact angle is increased. This implies that
increasing N2 gas flow rates also decreases hydrophilicity.

FIGURE 5. Optical images of the contact angles of (a) as-anodized and plasma treatment with N> gas flow rate at (b) 5 sccm,

() 10 scem, (d) 15 scem and (e) 20 scem.
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FIGURE 6. Disparity in contact angle values of as-anodized and plasma treatment with N2 gas flow rate at 5, 10, 15 and 20
scem.
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The surface wettability of TNTs could be explained by surface chemistry effect. The oxygen vacancy (Vo), an
important native defect, could be easily induced by nitrogen doping since its formation energy decreases from 4.2 to
0.6 eV in the N-doped anatase TiO, [13]. This is the origin of the additional O1s feature at 530.5 eV [13]. The oxygen
vacancy can combine with water molecules to form hydroxyl groups. An abundance of hydroxyl groups greatly
improves surface hydrophilicity [9]. Based on this observation, it can be concluded that the improved wettability of
the TNTs was due to the N-doped TiO, nanotube after N, plasma and thermal annealing treatments.

CONCLUSION

In conclusion, the effect of N, plasma and thermal annealing treatments on wettability of TNTs was investigated.
It was found from the contact angle measurement that the wettability (hydrophilicity) of the TNTs is improved due to
the evidence of nitrogen doping into TiO, nanotube. The XPS results confirm the existence of N peak at about 396.0
eV that refer to N°~ substituting for O*™ at anion site. The wettability could be explained by the oxygen vacancy (Vo)
induced by nitrogen doping. The surface wettability of TNTs is enhanced by the increase of hydroxyl groups greatly
improves surface hydrophilicity.
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Abstract

In this work, titanium oxynitride films were deposited on SS316L and Si-wafer substrates
using reactive DC magnetron sputtering. An experimental design and statistical analysis were
applied for the thin film coating. The experiment software (Design-Expert Software) was used
to design the deposition parameters, including the plasma current density (10-25 mA/cm?) and
N gas flow rate (20—-60 sccm) by maintaining O gas flow rate. Response surface methodology
based on a central composite design was used to empirically model the influence of the plasma
current density (/) and N, (V) flow rate on the CIE colour system of titanium oxynitride thin
films. The model fitting equations for two colour channels (a* and b*) were obtained and
represented by a* = -26.65 + 0.67N + 2.921 + 0.02NI — 0.01N?> — 0.12/% and b* = 4.83 — 1.05N +
1.721 — 0.02NI + 0.02N? — 0.03 2. In addition, the effects of current density and N, flow rate on
the chemical composition of TiION films were investigated by X-ray photoelectron spectroscopy
(XPS). The titanium 2p (Ti?") spectra indicated that the TION and TiO, structures depended on

the deposition parameters. Additionally, the increase in N flow rate and current density affected



the increase of the TiN structure. Cytotoxicity was performed on the Ti sheet and the TiON film
on SS316L by assessing the cellular response to 1.929 fibroblast cells. The result shows that the
TiON film on SS316L exhibits good biocompatibility with the L929 fibroblast cells.

Keywords: titanium oxynitride, RSM, colour control, decoration, biocompatibility

Introduction

The continuous progress in thin film technology is largely connected to the adjustment of
structural and chemical properties of the films to actual applications. Transition metal oxynitride films
represent a particular class of materials that possess the superior properties of oxides (colours, optical
properties, chemical stability) and nitrides (hardness and resistance) (Rizzo et al., 2009; Banakh et al.,
2014; Do et al., 2014; Subramanian ef al., 2011; Barhai et al., 2010). Titanium oxynitride coloured film
is attractive due to its consumer demands in the decoration and ornament industries for its variety of
colours, such as gold, blue, pink and green (Barhai et al., 2010). These films have been prepared by
various chemical and physical deposition techniques, but the mass production of coloured films at short
intervals is a challenging task for this industry (Barhai et al., 2010).

DC magnetron sputtering deposition is the most widely used technique industrially due to its
possibility of large-scale fabrication of high-quality films (Gingley, 2010). Indeed, a good understanding
of the reactive sputtering process is essential when tailoring the film properties. Understanding the basic
growth process that involves all the possible phenomena leading to oxynitride formation is significant
for determining the fundamental mechanism that explains the composition. A growth model of titanium
oxynitride based on Berg’s model was proposed by Rizzo et al. The results show that filling nitrogen
vacancies by reactions with oxygen atoms is favoured in the formation of titanium oxynitride films'. In
addition, the literature indicates that the colours of the titanium oxynitride film mostly depend on the
film thickness and the oxide-to-nitride ratio during deposition (Barhai et al., 2010; Braic et al., 2007,

Jeyachandran et al., 2007). A very careful control of gas flow rates is needed to prepare this film. Barhai



et al. reported that the oxygen content in the films was controlled by varying the current density (Barhai
etal.,2010).

However, the fundamentals of growth mechanisms are very complicated for applications in the
decoration and ornament industries. In this work, empirical modelling of titanium oxynitride colours by
using response surface methodology (RSM) was proposed and used to connect the fundamental research
to its actual application. Titanium oxynitride thin films were deposited on SS316L and Si substrates at
room temperature using DC reactive magnetron sputtering technique. RSM was used for a statistical
study of the effects of deposition parameters, including the plasma current density (1025 mA/cm?) and
N gas flow rate (20—60 sccm) on the colours of films. The standard CIE-LAB colour model was used
in this work. In addition, cytotoxic effects (assays based on cell cultures) were employed on the thin

films.

Materials and Methods

Experimental Design

RSM based on a central composite design (CCD) was used to design the deposition parameters of
titanium oxynitride films. The effects of the deposition parameters, including the plasma current density
represented by / (range of 10-25 mA/cm?) and the N, gas flow rate represented by N (range of 20-60
sccm) kept under a constant O, gas flow rate, on the colour were investigated. The experimental design
and statistical analysis were achieved by the Design-Expert Software v.9.0.3 (Stat-Ease, Minneapolis,
USA) and the analysis of variance (ANOVA), respectively. The experimental design with the responses
(a*, b*) is shown in Table 1.

Preparation of Films

In this work, titanium oxynitride films were deposited on stainless steel (316L) and Si-wafer substrates
using reactive DC magnetron sputtering. SS316L substrates of 3x3 cm? in size were obtained by laser
cutting and were sequentially grinded with sand paper numbers 600, 1,000, 2,000 and 4,000. Then, they

were polished with monocrystalline diamond suspensions with particle sizes of 3 pm and 0.1 pm. After



that they were cleaned with chemical solutions such as trichloroethylene, acetone, and methanol in an
ultrasonic bath; they were rinsed with deionized water and then blow-dried with N> gas at room
temperature prior to deposition. The vacuum system was evacuated below 6.0 x 10 mbar by a diffusion
pump. The high purity (99.99%) of the Ti target with 3-inch diameters and ultra-high purities
(99.9995%) of argon (Ar), nitrogen (N») and oxygen (O») gases were used in the deposition system. A
pre-sputtering process with Ar at 100 W for 20 min was employed to avoid contamination prior to
deposition. During deposition, the total argon and nitrogen flow rate (Ar + N,) was maintained at 100
sccm, and the oxygen gas flow rate was kept at 2.5 scem. Three different mass flow controllers were
used to regulate each gas flow. The thicknesses of the titanium oxynitride thin films under different
conditions were controlled to approximately 0.5 um using a quartz crystal microbalance located near
the substrate holder.

Measurements and Characterization

Chemical structures and elemental compositions

The chemical natures of the outermost parts of the films were obtained by X-ray photoelectron
spectroscopy (XPS) using the AXIS Ultra DLD instrument. The XPS measurements were performed
using AIK, (X-ray of 1486.6 eV source). XPS peak fitting/deconvolution and peak areas estimation were
analysed for the chemical structure of each film and its Ti, N and O contents.

CIE-LAB Colour

Photographs of the deposited samples were taken by digital camera and shown in Fig. 1. Sample areas
of 5x5 mm’ were analysed with a spatial resolution of 12 mm/pixel. The colour specification under the
standard CIE illuminant D65 was computed and represented in the CIELAB 1976 colour space for each
individual pixel in the area. The colour space was defined by the CIE based on one channel for
Luminance (lightness) (L) and two-colour channels (a* and b*). In this model, the perceived colour
differences correspond to distances when measured colourimetrically. The a* axis extends from green
(-a*) to red (+a*), and the b* axis extends from blue (-b*) to yellow (+b*).

Cytotoxic effects



Cytotoxicity was studied by assessing the cellular response to 1929 fibroblast cells. Mouse fibroblast
cells (929, ATCC, USA) were cultured in culture flasks with Dulbecco’s Minimum Essential Medium
supplemented with 10% foetal bovine serum and incubated at 37 °C and 5% CO; under humidified
conditions. Cells were subcultured to 24 well plates using a Trypsin—EDTA solution and allowed to
form a monolayer. Once the cells attained confluency, test samples were kept in contact with cells, and
a cytotoxicity test based on ISO-10993-5 was performed. Materials after exposure to platelet-rich
plasma (PRP) for 30 min were rinsed thoroughly with phosphate-buffered saline and fixed with 2%
glutaraldehyde overnight. They were then rinsed and dehydrated with a graded concentration of ethyl
alcohol. The samples were critical point dried, gold sputter coated and viewed under the scanning

electron microscope (SEM; EVO-MA10).

Results and Discussion

Fig. 1 Colour photographs of deposited films prepared with different N> flow rates and plasma current
densities on SS316L substrates

Fig. 1 shows the various TiON film colours on SS316L substrates obtained from a total of 13
experimental designs. The photographs were taken using a digital camera with a dimension of 3x3 cm?.
By considering the design of the experiments, 8 experiments had different deposition parameters (Run
number: 1,2, 3,5,7, 8, 11, and 13) while 5 had similar deposition parameters (Run number: 4, 6, 9, 10,
and 12). The films with the same deposition parameter showed the same colour. This result indicated

that the experiment was reproducible. The quantitative results show that the current density and N flow



rate affect the film colours. In addition, the experiments show the reliability of deposition parameter
controls. The quantitative analysis of film colours were analysed based on the standard CIE-LAB.
Model Fitting and Statistical Analysis

Table 1 Design point combinations and corresponding experimental responses

Factors Responses
Run N; flow rate Current density a* b*
number (scem) (mA/cm?)
1 11.7 17.5 -1.1 10.1
2 68.3 17.5 -13.3 13.8
3 20.0 25.0 -15.0 -1.5
4 40.0 17.5 4.6 -3.1
5 20.0 10.0 1.0 5.1
6 40.0 17.5 4.6 -3.0
7 60.0 10.0 -6.6 11.3
8 40.0 6.9 -3.9 9.2
9 40.0 17.5 4.5 -3.0
10 40.0 17.5 4.5 -3.1
11 60.0 25.0 -10.8 -8.2
12 40.0 17.5 4.6 -3.2
13 40.0 28.1 -15.2 -3.5

Statistical analysis was performed by ANOVA using experimental data obtained in Table 1.
The significance of the model fit of the experimental data was determined by parameters F test, p value,
R-squared and lack of fit (Noshadi et al., 2012). The F value is the ratio of the model mean square to
the residual mean square and is used as the test statistic for comparing model variance with residual
variance (Giil Boyaci San ef al., 2013). The F value must be used in combination with the p value to test
the significance of the model. Generally, the tested models showed the model and the coefficient terms

are statistically significant when the p value is <0.05 (Giil Boyaci San et al., 2013).



Table 2 ANOVA of the model for the a*

Source Sum of Squares F-value p-value Prob> F
Model 751.41 39.28 < 0.0001 significant
A-N 53.32 13.94 0.0073
B-1 163.63 42.77 0.0003
AB 34.81 9.10 0.0195
A2 229.90 60.10 0.0001
B"2 333.48 87.17 < 0.0001
Lack of Fit 26.77 2974.03 < 0.0001 significant
Pure Error 0.012

R-Squared (R?) = 0.9656, Adj R-Squared = 0.9410

The analysis of variance (ANOVA) of the model for the a* is shown in Table 2. The model F-
value of 39.28 implies that the model is significant. There is only a 0.01% chance that an F-value this
large could be caused by noise. Values of ““Prob> F” less than 0.0500 indicate model terms that are
significant. In this case, parameters A (N2 gas flow rate, N), B (current density, 1), AB, A*2 and B2 are
significant model terms (values greater than 0.1000 indicate the model terms are not significant). The
efficiency of the model was investigated by comparing the performance of lack of fit. The lack of fit F-
value of 2974.03 implies the lack of fit is significant relative to pure error. There is only a 0.01% chance
that an F-value this large could be caused by noise. R? and the adjusted determination coefficient of R?
are both greater than 0.85, indicating that this is a good statistical model (Reddey ef al., 2008). Three-
dimensional and contour plots showing the effects of the NV and 7 on the a* are shown in Fig. 2(a) and
(b), respectively. It can be observed that the a* value of the TiON thin film tended to be a negative value
with a N, gas flow rate greater than 50 sccm or a current density higher than 19 mA/cm?. The regression

equation for the a* was fit using a second order polynomial model, as shown in Eq. (1):

a* = 26.65 + 0.67(N) + 2.92(1) + 0.02(NI) — 0.01(N?) — 0.12(P) (1



Fig. 2 (a) Surface curve and (b) contour plots of the a* value of the TiON thin film.

The ANOVA for the model of b* is shown in Table 3. The model F-value of 4.73
implies that the model is significant. However, the lack of fit F-value was 9944.26, implying that the
lack of fit is significant relative to pure error. The adjusted determination coefficient (adjusted R* =
0.8541) was also high, implying that the model has high significance. The regression model developed
for the b* can be plotted as response surface and contour plots, as shown in Fig. 3. The b* was a negative
value (blue colour) when the current density was higher than 22 mA/cm? and the N flow rate was in the
range of 30-50 sccm. The regression equation for the b* was fit using a second order polynomial model,

as shown in Eq. (2):



Table 3 ANOVA of the model for the b*

Source Sum of Squares F-value p-value Prob> F
Model 506.19 4.73 0.0330 significant
A-N 3.04 0.14 0.7173
B-1 40.09 1.87 0.2133
AB 40.32 1.88 0.2122
AN2 366.07 17.11 0.0044
B"2 24.68 1.15 0.3185
Lack of Fit 149.76 9944.26 <0.0001 significant
Pure Error 0.020

R-Squared (R?) = 0.9018, Adj R-Squared = 0.8541

Fig. 3 (a) Surface curve and (b) contour plots of the b* value of the TiON thin film.

b* = 4.83 — 1.OS(N) + 1.72(I) - 0.02(NI) + 0.02(N?) — 0.03(P) Q)

XPS Analysis

Analyses of the chemical structure and elemental compositions of all TiON films were

investigated by X-ray photoelectron spectroscopy (XPS). The four selective samples with different



deposition parameters (current density and N gas flow rate) were presented. The titanium 2p (Ti*") core
level spectra of the samples are shown in Fig. 4. The spectra show two main peaks at binding energies
of 458.8 eV and 464.5 eV corresponding to the TiON and TiO; structures, respectively (Barhai et al.,
2010; Braic et al., 2007). The intensity of TiO, was at the same level in each sample while that of TION
depended on the deposition parameters. It may be due to the constant O, flow rate and the variation of

N, flow rate.

Fig. 4 The titanium 2p (Ti*’) core level spectra of four samples under different conditions: (a) N, = 20
scem/I = 25 mA/cm?, (b) N, = 20 scem/I = 10 mA/cm?, (c) N2 = 60 scem/I = 10 mA/cm?, and (d) N, =

60 sccm/I = 25 mA/cm?

The nitrogen 1s (N') core level spectra of each different sample are shown in Fig. 5. The
significant peak at 396.8 eV corresponds to the TiN structure (Kim et al., 1996). However, this peak
shows a silent feature and almost no signature in Fig. 5(b). This indicates that more of the TiN structure

is deposited on the film at both high N> flow rate and current density. Since the enthalpy of formation



of TiO, (AH; = - 944 kJ/mol) is much less than that of TiN (AH¢ = -338 kJ/mol) (Martin et al., 2001; Lu
et al., 2004), TiO should be more easily formed than TiN at standard conditions.

In addition, a broad peak is observed (ranging from 398 to 405 eV) for all the samples. This
peak was deconvoluted and fitted to two peaks at binding energies of 399.2 eV and 402.4 eV. The first
peak was associated with the TiON phase (Kim et al., 1996). Greczynski et al. (2016) reported that a
new broad peak form at 402.4 eV due to interstitially incorporated molecular nitrogen. TiO; formation
results in a release of molecular N, according to the reaction TiN + O, — TiO; + 2(N,) (Esaka et al.,

1997; Greczynski et al., 2016).

Fig. 5 Nitrogen 1s (N') core level spectra of four samples under different conditions: (a) N2> = 20 sccm/
I =25 mA/cm?, (b) N2 =20 scem/ I = 10 mA/cm?, (¢) N2 = 60 scem/ I =10 mA/cm?, and (d) N, = 60

scem/I = 25 mA/cm?



Effect of current density

Fig. 6 Elemental compositions of TiON films as a function of current density: (a) oxygen (b) nitrogen
and (c) titanium contents (unit in %).

The effects of current density on elemental composition (Ti:N:O) are described in this section.
In Fig. 6a, the O content increases as the current density increases for the low N> gas flow rate (20 sccm).
This result is consistent with Barhai ez al. (2010) and was expected since higher current density signifies
more ionization of the oxygen atoms in the plasma. The ratio of N> and O, flow rate was 12:1 in the
work of Barhai et al. (2010) while the ratio is approximately 8:1 in this study. When the N> flow rate
was increased to 40 and 60 sccm, it also increased the nitrogen content with the decrease of oxygen
content. The increase of N, flow rate enhanced the reaction of nitrogen with titanium. The N content of
TiON films slightly increases as the current density increased for the low N gas flow rate (20 sccm), as
shown in Fig. 6b. When the N, gas flow rate increases, the current density appeared more effective in
increasing the N content. It may cause the increase of ionization of nitrogen-species due to increasing

plasma current density. In Fig. 6C, the Ti content increases with increasing current density for all the



different N, flow rates. It causes the increase of the amount and kinetic energy of sputtering ions, which
bombard the Ti target and gain more Ti atoms dropped from the target to the substrate. In addition, a
major portion of the film has a composition corresponding to titanium oxide.

Effect of N, flow rate

Fig. 7 Elemental compositions of TiON films as a function of N, flow rate: (a) oxygen (b) nitrogen and

(c) titanium contents (unit in at.%).

Fig. 7a and 7b show the corresponding increase of N content and decrease of O content with
increasing N, flow rate. The O, gas flow rate was kept constant at lower rate (2.5 sccm) while the N»
flow rate was varied between 10 to 70 sccm. Nitrogen is a reactive gas, but it has a lower reaction
compared to oxygen. The increase of N» gas increased the probability of nitrogen to react with titanium
and then form the TiN and/or TiON structures into the films. The N, flow rate is an important parameter

to control the chemical composition. However, the N flow rate in the range of 20-60 sccm has a slight



influence on the Ti content, as seen in Fig. 7c. The current density has greater dominance than the N>

gas flow rate for Ti content.

Cytotoxic Test

Fig. 8 Typical SEM micrographs of the 1L.929 fibroblast cells on a (a) Ti sheet and (b) TiON
film coated on SS316L.

SEM images of titanium and a TiON film on SS316L substrates attached with L.929 fibroblast
cells are shown in Fig. 8(a) and 8(b). The TiON film did not show any cytotoxic reaction in comparison
with the titanium substrate when the films were kept in contact with fibroblast cells. The amount of cells
on the TiON film is more than the amount on the titanium substrate, indicating good biocompatibility.
Cytotoxicity studies revealed that all these coatings passed the test; hence, the coatings could be

classified as non-cytotoxic material and have a potential for industrial decorative coating applications.

Conclusions

In conclusion, the colours of TiON thin films were investigated under various current densities and N
flow rates using the response surface methodology technique. The statistical analysis shows the
significance of the model fit of the experimental data. Our study resulted in four conclusions:

1. It can be observed that the a* value of TiON thin films tended to be a negative value with a N, gas

flow rate greater than 50 sccm or a current density higher than 19 mA/cm?.



2. It can be observed that the b* value of TiON thin films tended to be a negative value with a N gas
flow rate in the range of 30-55 sccm or a current density higher than 20 mA/cm?.

3. The high current density directly affects the Ti content while the ratio of N to O, flow rate affects
the O and N contents in the films.

4. The cytotoxic test indicated the good biocompatibility of TiON films.
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