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Abstract

This research interested in the physical and antibacterial properties of tantalum
oxide (Ta0) thin films that were déposited by dc reactive magnetron sputtering at
room temperature, A target of tantalum (99.995%) and a mixture of high purity argon
and oxygen gases (99.999%) were used to deposit tantalum oxide films on to silicon
wafers (100) and BK7 glass substrate. The influence of annealing temperatures (500~
9OODC) on structural morphology and antibacterial properties were investigated.
Grazing incident X-ray diffraction (GIXRD), fleld-emission scanning electronic
microscope (FE-SEM), atomic force microscope (AFM) measurernents are carried out
to identify the arystalline structure, film morphology and surface roughness,
respectively. Antimicrobial activity was tested on 4 bacterfal strains, Staphylococcus
aureus, Staphylococcus epidermidis, Escherichia coli and Pseudomonas aeruginosa.
The antibacterial behavior of the tantalum oxide were not active against the fested
bacteria.
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maa‘taaaumﬂﬁﬂﬁﬁmm'ﬁ‘damﬂa'a&lﬁiﬁnmauﬂqmﬁaaa'ﬂwnLﬁﬁﬁmﬂﬁaUﬁﬂ@@auﬁguﬁ
WA UGN |
1.3 nstlaavadlonau (on Implantation) lessuifieruthasindoudueisilet
aduasadou  Tneanudnvesnisilhosudsiulaensefundenlosay  @aildr 10
Saamsan/mdanuloosy 1 kev amiulossusaafaasnoudillunowas



14 madadaseeedmvihiienseiiou (Target Material  Structural
Rearrangements)  mivuvadlassuuuihasedeuihlmionsisesvesosnouiinaes
wasulminazAnauunwioswsiwdn (Lattice Defect) lneSennisdaslvivedaseaig
fantinin Altered Surface Layer '

1.5 myalswes  (Sputte)  myvuvaslossusrayhlviinnssuiunsvuiy
wusatilsssswisezaouvsatduildifensuanldaseznenannithannadoudadonin
AsEUUNTAUMLNE 3

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

{Sputtering)
il 2.2 FunsisenseringlossuiuiuinuesuHuseesU (Chapman, 1980)

2. nspvaumsatinmess Wunssuiunsiesmeniioniiestangnilvivaaaanun
Menvureeynendug TasinmsuannAsundnuuaslsndssioymaiiis
Whnuiuesneniifnfansenan ﬂssm'um'ifi'@qmﬂﬁﬁ'aL%"wmmﬂLﬂunawmﬂlwﬁm%ﬁ
Uszgfldsadudediondulunssuiunsatineeds fle

2.1 hansindey i idudideynandsnugdadrouauiimsdanddos
asmawmaﬁLﬂﬁauaql,ﬂﬁ'auﬁui’amm%‘u
2.2 sympmdaange Fdemuthasindou udnilissouveatasiadounan



oanin Unfeymemdsugedienmifunanevmdiil wu Sanseu VID0YNBUYDITINAN 7
Inonaisdlossuvesufaluauniliiindueyneismathasiedouddisnsnisuanides
Whansinfiougaisaneiuauesnis

2.3 mmamaummwawuqa aymandsgdussuuatinmeseiosdosgnuantu
othastalilog ma‘iuﬂsumunﬁlﬂaaummmlﬂaEmmamawulﬂm’]wmmumammmmi
Favhldnanes i 'Lﬂimaumﬂmﬂﬂu‘l.aaaumﬂﬁmmmmamlaaauiuam%aa w3830
nsEUIUMSNaTRAYI5Y Luaw’mtJu“Laaaumwnﬂaumammaw’lﬁlaaau’iuwummu NSEUIY
m‘sﬁi’]ﬂLma'ﬁam"lﬂﬂuivﬂuamawmwmuau’wmWU'Jumﬂﬂa’mam'ﬁﬂuﬂ'\swamaumﬂ
(U GRARIYR

FEUUARDULUUATAURLAOT S

FBUULARBULUUATAURLI D5 aa'm'w?fam wandlunmi 2.3 (g gmﬁ‘sm
warsuEnN imuu, 2547) FeUsenousngndlvia fe uHUthaTndeukazeTuaRe 7 mmam
sesfunSetusiifeinsindeu Uniisveraeminalnauay yAdNT095ULLYIININ 4 cm -
10 cm L:waﬂaanumﬁﬁsyLﬁEJa.,ma:ummaawwuwaam‘ﬁwam e Taeillssey
sAEY ogfseving 1 cmi- 4 em latpalunazaguinammiinlngs diugunsaimanuey
ogflutaspuueiuealndafaniia. uianldiduufafssddiiadauaslivugnsentuans
wdeuWnildiiaasnew) wawiealndifanids nssuaumslesoluduasdnwanining
famsalinsuiiszevansaadaliinnniissegsenineniauazetiun enusuasamite
wssuliilsewididnlnsngety  svovUaonnistunesdifnnsouarasty  silies
mspailyeeioanuasimasEnlaneuluspuiUSImslosnsyiaRnauaseRoNTign
alnpastivsinuamaminlsinuvesleesuiavnssudalnfinlussut Aaudusingy 102
mbar  SEHEAIIAUYYIININSPRYIENINBENNIA ey naglaliihanasdaud  mld
mw'sumﬁwam‘tamuaudmammduuavmawamaaﬂmmﬁ’lammaamuaqmﬂmiﬁﬁmmaﬁ
an

[ TarGeT ) ‘-;‘:57

o% ©)
PLASMA%;\\O ©
SUBSTRATE

INEAT GAS

=L

S

‘ | = Nacuum
i CHAMBER
VACUUM AT PARTIAL
Pump VACUUM

r_-.l ar al =4 =l =
NINN 2.3 ANYSVBIATDIATDUFEYHINA wuuREElnnes
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3. wnAnuasvgeiifeatunsvadeusuifuasilduuns iy Augassn, 2551)
MwsEuundlanging) (Metallographic)

anﬂﬁﬂm'iwl%'wu%umum'mmmigﬂumﬂawﬁmm (standard  metallographic
preparation technique) aunsaalldfutunuwedouitduun mswloutuanuly
sedaviiaansataislumsfinumumnussmasheoveWGlE  Tnaunfisnesdn
%uaﬂu?ﬂlﬁumaﬁamﬁaaﬁ'ﬂmﬁﬂﬁﬁﬂﬁﬁmﬂ'mﬂé’laugﬂs;ﬁ"q (low deformation) Insi#inands
dnanitdulusetansosiu  Tusidautumilusiudounisdaiu (polishing Belsuntstu
é‘f'sﬁauuw%@umnﬂ’jﬂ (hot mounting) EmL’?uiuﬂﬁzﬁ%umuﬁbsiaﬂ’s'm%’aumﬂﬁaﬂ%’w%
Ut Sy (cold setting resin) Uy Funuikunssnmsaney (grinding) o
U‘éummwa‘uLLa~mﬁm'mLﬁwwmummmﬁwmsaam mMstavgrumstinnadiania (grit
size) Tlazidon u,a3m?um'Lu‘wﬂmwlwwumﬂtuma@imwlﬂmwamwasﬂmmwmmawau
1

A1519% 2.1 wmetledvsuiesngidneaenelassE i1 eaiEy

AutRunsHau — walianslaneid
dunauvaa (phase composition) x-ray "i3a electron diffraction
mMsnszaneueae (phase distribution) | metallographic sections, SEM, TEM,

optical microscopy

WIALNTY (grain size) x-ray diffraction, SEM, TEM (plus
image analyzer)

sUswaanTu (grain shape) SEM, TEM (plus image analyzer)

N151384907 (preferred orientation) x-ray diffraction, TEM

Snvazmnaiuin (surface morphology) | SEM

m’quu (porosity) TEM, mercury instrusion

porosimetry,
metallographic section (plus image

analyzer)

-

mMsdnaziBonaduivlumuiuneunonnedamswSeumdany nelsuTa
fou gausvasivesmsdnavionilfedu 2 Ussmsie Woddatessenudsnetion
dinnnisdaneny uazievilRlifnnuaavhefifianuiZaugs (high surface finish)
dsuiduinenmslistudmiuiudeuinitosshmsmiveufue
AswlsiduieAnunaremLayaaiiEuereiuafeu ormvifivnsinandunly
mafarrafifismeuds  usidesnsyhes e RifduieliRuedoudoms swguiiwuly
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=

= = =N £ . =4 =4 o
redauatnsnfudsUsyiug (artifact) snnawien eswnnisvarvaunsuluvusda
=) 3.‘: L & = é’ = = GJ !
anBuadugarine adrdlsfmuidaanmsfnmanunguluidoiduondesldinaiiaiu q 9
Useneuiu
= -y ) a o & o Iy s =
Tuvensdmaniouduenlunadarreediduiiuiann q endeddinaiians
0 v & & L o v & T - YW & w pupp
Frurslidumides (taper section) FedreliRususs Buavasdiaulinniu Messiibes
Usvanas 5.7 o [63] axiaszunvussnsdialdnndis 10 wih Bmahldlaeshyitun
a & o4 & A w &
Tt Tnestusuldhuniiadasgedudsliliyudomuiomistasmametupaunis
wisawuuUnd Taseaansuresiundsunayfaasociuasuanbiiinldlaonisden
asazanensafaivansauuiedulunsdeaddaniou Nilenadeddnsuiumstanse
wuuMangEn1Iy (multi-stage etching process) Wifassriadaswosmaingniuduniely

(interfacial porosity) fienaifintudie

o & o o . 4
waianisiaeuuieditend (X-ray Diffraction)
= =3 & G&’ e od L . . Ll L] P
MATANITIATIERNTAENULSNE (diffraction  analysis)  Ladnrsssnldinenis
& =4 = =4 &
wonuezlassainessdiaadau n1simigiendunisidieuiisusiuuunsideniuuses
mamqnmmmmﬁmu mmﬁﬂmnﬁmL‘uu%’aﬁLaﬂsﬁwmﬁaé’ﬁ%’a%mﬂﬁﬁ (x-ray beam) A"

meeau k SRR LA YT AL IR ST R LY FAMTEeuLtY audieasd
saamasnLUuaanuﬂuuavQnLm.rumﬂﬂ‘lugﬂmmﬁanﬂjumamummamwu (diffracted angle,

0) Tasanuduvesdaygyns (ntensity) azfiabiduguddauuesnisidesuudulunmng
Ya9uUsn (Brage's Law)

l = Zdhkl Sine (21)
= =4 ! ] o ele s
W dy  AesveesriesEwingssuuvelanvieiddalilaaed (Miller indices) wassyuny
hkl

ﬁ’mvﬁam‘ﬁhvﬂauﬁ"ﬂﬂﬂ“ﬂﬁvnauﬁ'saavmamﬁ%’ﬂﬁmﬁﬂmmwﬁm (lattice) Taad
JUnTnasszaeinanilony Aunasiivibeiwad (unit  cell) Lﬁuwﬂ'wﬁﬁﬂﬁaﬂﬁuaﬂﬁa
Iﬂﬁﬂﬁﬁ’]ﬂﬂaﬂ%@dﬁﬁﬁ]%‘i@ﬁ’]‘iﬂ‘iuﬂ@ﬁﬁﬂ‘] mmEJ\':mamaawmm'ﬂuammuwﬂmaﬂ
a'm1'5mJ'se,wqmmmuaul,ﬂul,nimwumnmammu (diffraction grating) iodn§sfiendiisl
puaRmilutueraoy uasisenfinseyhiuddnnseuluseneniiliddnnseuduse
avavinfuresfediand uagldesdiondseninlunniiemg Tnglifinmswdeundasnyd
mm'ﬁLaml,uul,ﬂﬂﬂuaumau’[,uwanm‘a&]amaﬂmﬂm awmﬂﬂ fussdrivanUasseanunaziia
m‘imeaaﬂﬂwwmm'ﬁLLmﬂaaﬂmemmavtwumma ammmum@nmmﬁﬂaamw
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wsuliloyuannszuwiniugpasieu nsazieuvesisdiondaziAnanoznoulusyuiu
finee Tuiuiazsiaig fu

X-ray diffractometer u'"]uqﬂn‘sfﬁﬁm%’ui’ﬂﬁhmmvﬁmm%’aﬁLanﬂﬁﬂazﬁaumnmﬁﬂ
IneilgunsainedifinnselindUsznevet Wy viaendnlnines (Geiger counter tube) 213y
il 5.2 () wamsldidhudnidunuwazaentalninesasindewdl  Inavasnialninedindeni
Fandnbu 2 wiiawe  hiligunaningaafuisdiegluguilimnsdmiunisasiiousdnu
npuosiusn Tasund xray diffractometer THfuBusuiitunsdisalsfionn 25 X 125
A3 1TaAAT ﬁmﬁgﬂmﬁwﬂﬁﬁﬂlﬁﬁl"LLE{@NE]EIﬂIJ”;Lu‘EU“ﬂ’EN‘a'ULLUUHW?LgﬂlLUU (diffraction
pattern) flaguil 5.2 (n) m'mwmmﬁaummuaaﬂwmaLLWﬂmaﬁmanu iy TAseasg
mm’mm Uﬁmmmmfaammmaa ‘iﬂ‘t‘]'id"llﬁlﬁﬂ’l'ﬁlﬂﬂ'lwu (diffraction eeometry) LagN1539
Juau (sample alignment) 1T

Gelger-counter tube

Intensity

incident beam

powder specimen Bragg angled

(n) (@)

andl 2.4 (n) X-ray diffractometer (‘ﬂ) Intensity peak ansdiasy h’]‘uwaﬂ"uaﬁ’mﬂﬁlu
Gﬁ’ﬂmem'ﬁam_’m?ea (wwmg amﬂ‘iﬁm, 2551; “Reed-Hill R.E., 1991)

fuvisvesita (peak) MiiAnnYige daunsauenivuuaLaysiesmiaywadls
Twnigfenunirdldmenuanisindesh (orentation) wazanuaien (strain) aaely
insuesTaavaendn  unasiumisesgukuumaReuLitialdenazdeulde s
'ﬁiqﬁuLﬁawﬂnwﬁmmm'}mﬁuﬁwmmﬁa (residual stress) TuRaiadoutiuies daumnandu
vosdygaildenalidulunuailugiudeyaunsgiu (standard file) Aluwsiznis
Faseaslufiavefiveu (preferred orientation) vesesmealuildy

wenanbimadanisidenuuisdienddsaunsolideyaiiuenivesdussnaunanil
994d  (phase composition) wagAmMsIfwesvesaRTY (lattice parameter) il
AUAIAYHDNITNIAIAUAUNRANRBUTOABNT1TUTENIUAIYBY Stoichiometry 38
diunaumaiaiivesasararsvoadelaiumi
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naneganssrmiBifinnsaunuudainaa (Scanning electron microscopy)

Surdaledwivdneiunuiigenisidaes (magnification) wagaudadn
(depth of field) g1 Sunuiathefvsthanfnedondenansseiddinasauuugaansatl
dulngdedlaiumsinaudoauazinnsaduifsfunmsnudendeqansmisialduas
Mdsgneraendosgansimididnaseuuuudainsinazagluaag 1,500 faannnii 50,000 i
dwmmdadnarnnninndasiislduaddis 300 wh

Mleseidendenansimididnaseunuudesnalaamly e1deurdnasiss
Suldnmsouninunasifiadiedndluiinags (Wszanw 530 Alaladd) ddidnmseuasgn
Tiiadhaaudwlmaninih ¥lddBianaseuivuiavadingy (probe) inas lemnnseny
Junu  awdldnnndenanssmitidneseutuudesnimazungiwiaousdnes i
yasduiuvzgnnTadisadiinnsauuInLing Lﬂuﬁuﬁﬁﬁﬂﬂ'jﬁjmma% (raster)
Sumsdtensewineddiinaseufuiuifuanui i suanddosndanusenunuany
Juuuy iiuBidnnseuyaiiinnsnisidindy (ack scatter electron) Bidnaseundend
(secondary electron) Toadidnnseu (Auger electron) dyaassdiendiinuuusieidos
(continuous x-ray) LLasﬁmﬁg’lm%ﬁﬁLaﬂ%ﬁﬁﬁhLaW’lx (characteristic x-ray)  \Hugiu
Fyaradldindrdarlifeyavostueu a gaiiddnasousnnssyu lundesqanssm
5LSﬂmauu:uUﬁ'eaﬂ‘swmjﬁmmmig’nmﬂ%’ﬁ’fgmﬂmm&ﬁﬂmaumﬁagﬁLﬂwa‘"ﬂlumia‘%’w
Y ﬁg&ﬁjl,wsﬂmﬂuﬁzyzgwmﬁmaJqﬂﬁuﬁﬁﬁ’uﬁaﬁ’uﬁﬁiﬁnmau‘lmama Friupdmasnsely
nsuen (resolution) swasidumvasnmisgunnvielineasifaavaanmiinit qunsel
nradudnynyia (detector) avagimuavesddidnasou laelinsunseluued + 200 Taad
Anagsumii iesndygabidanseunisglindsruiionszana 3050 Silinasou
Taasiniy silididnpsoundsousimatignidiiaudsgunsainseduldsedndluies
200 Taadt

vinafmedunuildlunaduamieuinusases ddidnasaussisnsady
uasq (Une scan) wihAumwn e amed (ggui 5.3) vourfiaBiEnaseupiouiiiy
ﬁ'sytymﬁté"nfﬂiauﬂﬁﬂqﬁwQﬂﬂdaaaaﬂmmnﬁuﬁqL.Lasgﬂﬁ’uéhaqﬂﬂﬁﬂimw{fvé’m@ﬁm
m'l:uLﬁmma”mummﬁlmmﬁ’u%LﬂuﬁaﬁﬂQUﬂuﬂaﬂuadﬂﬂ (brightness) Y9N W
seueilwed Wedidnaseunsialusuiigaiugrueadu fusrianduludweududusgag
naduandouhumishamnduiifinsaly ussnsmluiuiuduiuinaned s
I$nmvestiuiifignardidnmsounsniu Tnsundndesqanssaididnasounuvdensiad
Wiumsa (ine scan) Uszanas 1000 U Woad1aameua 10 X 10 marnauiiung Msdos
nsnfauysalesfinaely 1/30 3unf Tufeamiiunngiviee
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Final aperture

beam
'?egl:;ning of : beam  End of first
rst line scan line scan
i
\\ !
raster
specimen

= s = < 0 o & P 5 v = =
ANT 2.5 [EUN9NISARUNYDIFIBIENATIUULRITUUIUAGDY SEM (WL‘?J‘H g AUEITIN,
2551: Reed-Hill RE.,-1991)

NUIVBIBENATOUY ALY “ﬁimﬁagﬂﬂ'ﬁaicﬂmmﬁ’uﬁuayjﬁwawLMﬂma%L'ﬁu A
amdee sl tuuiiduiusfusiwnisuesgunsalngiadu wWudfuandeadm
gunsalnsadu Sruaudidnmseuyigndnlyfeiesiisiuiumn nwildeediamanadnamn
ﬁauazymmfﬂaaaLanm'sauﬁ@mﬂmm‘sﬂsamné’u (back scatter electron)  fanunsaly
%’m&aﬁmamqé’nwmwaqﬁu@ﬂﬁ wigunsainsandulsdudndluioaiios 50 Taad Jufes
waﬁwmé’né’mmnmaqﬁtﬁﬂmauﬂqﬁégﬁ LLm“laJuﬂ'ﬂwaﬁ%wé’ﬂé‘iymﬂmaa&é‘ﬂmauﬁmﬁﬁm
AsnsuRanduiiindsaugs 16-18  Bidnnsauling -ﬁaﬁﬂmam{@ﬁ'Lﬁﬂmsn‘suﬁaﬂﬁuﬁ
wwaliuiiag Lﬁwmﬂmﬁuma ﬁaﬁuﬁmmmﬁ@ﬂuum (line-of-sight) ~ s¥mdnegmd
EJLanm'saumnnsm=uwmuﬂ’umuwmﬁuaﬂaUmmm’;wwmnmmw dumnefedidnasey
yaAnN1IN TN UER S AT UR I LLANA NS NURA (fopoeraphic  contrast)
AN

ﬂamﬂamﬁﬁuuwmmvmau (Atomic force microscope, ARM) (WL"U'E}% aum'ﬁm 2551)

SnwnzanzdagBnusznsuilwesidauisio dnvariluiouayanumn watla
fealdlunsinumnumuiladShpngiuiitamanuiusssuunly fa Atomic force
microscopy (AFM) 1umsasanmessindanennusensesiisemin qﬁﬁamﬁuﬁwmﬁﬂﬁﬁﬂ
PnANVUALER (probe  tip) LLavLﬂumﬂuﬂwm‘Lunamm Scanning probe microscopy
(SPM) emL‘Uuﬂaumaumm’mwmiﬂumiﬁnmamwwumﬁuamamﬂﬁumwm&q
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Photodetector

Piczoelectric
sScanner

Controller &
Computer

(S| =]mjmio]e]
C‘ ﬂ‘ = :
AN 2.6 anslnauNINUBLASDI AFM (wws Augassn, 2551)

Al 2.6 wanslnozunsuvesazes ARM SsUsznoudeiiulansunay (tip) fivihan
Faneululnsd (silicon nitride) ArsigIaYsENIRL 10-15 Lilasiuns gninfnilatevesany
(cantilever) Failna1unTreusvaom 30-90 lulasiuns wazaa1ue19Us8870s 100-200
lulpswns vansidusvgiainuseaunulusiiusiansiigg vesindag Tnenismununis
indeuiid e leBidnasnaunuwes (piezoelectric scanner) an wiluiaiuananeduluves
wiazusns awvilisailinmsilssuuiuamsoiinisléee (bending) USinanisldsed
ansonsialilaeldduatalwesdaluiiuaieauudaiinnisasioulusiwlafmames 7
[Wusiauas Fsazgnudandidgaalniiiietlvussnaduniwdely  amdlldain
mﬂﬁﬂﬁmsﬁamﬂé’aeﬁ'uanmﬁuﬁfﬂw,wiaxu%nmﬁm'maau

dvivihlignuitiiTugaRnegiinnslnssatufifousnsyvhsovinsesnen dslunsdiil
MueBausIueBsaNas (var der Waals force) MfnduszsdtsoznouiiuRavesiuau
feguaresnoniiagidnuuaedy Tastsstenaayiinsigavionsmdndls Fufy
'ssa:ﬂ'vfwsw'masmaumaé*’a’m’gfﬁaam

4. eAseiliReates
Inindenlaeenlafifhuiagieiiiteiduiasdul i desaans daauas
athaundnant iasandunudesinendanlsznos 3.2 ov ﬁ@fﬁ’imw:ﬁqﬁ’mmaﬁ IBUAY
gt i bisasadfienniduslaeenlasfils@vinmlunsdessananielfuaags
Hgaeenudn Usz@nsnanaeslagsatisaaslnmianlaeen lddlugludnezumanndagng
wmanzilamanisnaulisansiaesdidnnsaunaslaa (electron-hole recombination) Hasinan
?jﬂﬁ”’@ﬁm'1mﬁmmlunw@mﬁﬂma‘uuﬁq@ﬁﬂdqlﬂﬁ (WaAY FINFAUNA, 2555) Wanana

=4 =l e @ o = = - \
windanmdlanleanlsssoelave wiu win Ayn visalaslen azdogiiunisdnem
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= 5

] 'y 2 A &
adnasauradlmmilasUidusdvinmgduld  worlansh@elulnniesieeanloday
[ ] | i ar ci id
Andidnasaudinszbiuudabiliindullas vitaanadoelilnniliealseanlastiaune

o wdd?j e = 3 Sy :g', A a0 oAl .
aynaanad M THRALTR s Aedffennty tadunaiinduviendesla active
site) ulansadnaaasgistsznavnmidlanlnaaniad (Wang et al, 2005) etdndlsfinng

= oy . = [y 3 ar ﬁ‘y - = =4 cé ﬂl
nalnnafadffienaesinipdioniseanladuanasssiuluegfaderedarziaa
drusnfimsdinmiloateeantadliszynifld Tuemdiusing o iy Wudaidal e
dmiFusiesaaraarsuafuwluingdy (Sun et al, 2004; Ou et at., 2006) WlwdsWkrdwiy

'3 a s \ - = |

ASLEIN TR (Almedis et al., 2004) \udauelualudfeyleaauuumipss (Bao et al.,
2007) lusiansradaanindn lassvinaasansgunisduasfingtiinsina 9 (Chen et al.,
2004:0taka et al., 2004) fudiulsznauvasdnianans (Dhang et al., 2004) uazylfiily
mﬁ‘ma'ﬂuﬁﬁqf?ﬂ%Lﬁ‘aﬂmﬁ'ul,l,i.lﬂﬁfﬁ‘ﬂ (Egerton et al., 2005; Mungchamnankit A, et. al.,

s = =4 Ly | as L oaial < [
2013) Tuvnensuwnd  luileussfiannuduvnu  densiinnseudfign  Wesnnduildy
- ¢ o = : as oo oo 8 =
Tafeulaoonles  Semuwdausegs  deaglnafieniedovarslnndenilongnisidnun
guuasiinnudafulemiednim (Guo J, et. al,, 2007; Sousa S.R., et. al., 2008)
| ] = oad O o =1 at s 2 ' 1
IRsnAdpin lavzunun s (Ta) wdauuudagnisuwndnlddaluinie v o

9 = L a* dl ot =l gay L ar

ﬂquﬂﬂiﬁﬂﬂﬂﬁ LLﬂzﬂq?ﬂ?zﬂﬂﬁwqﬂﬂuﬂﬂﬁ‘NLu‘ﬂ\?@']ﬂLLﬂqu@NN@NUﬂmqquuﬂq?ﬂﬂ
: = \ ar o - Y o WY o 4 oa =

ﬂ?@uiﬂﬁ NUABNITANWN LU %Jﬂ‘:mmﬂl’mulﬂ‘wwmﬂﬁw “ﬁ\ﬂfﬂﬂqqiﬂLﬂLuﬂu (Fukunaga,

1998; Balla V.K, et. al,, 2010; Sagomonyants K.B., 2011; Wang N., et. al,, 2012; Chang
YY, etal, 2014) lum:i“wrﬂﬂfa‘un'1a‘chm‘..,mﬂmmﬂ@umﬁwnmwmuhd’mmam B

o o
ﬂ’]‘é‘ﬂﬂ@'ﬂ'].ll,ﬂuiﬂﬂquﬂﬂqﬂ1Qﬂﬂﬂﬁ?ﬂﬂﬁlﬂﬂUL’ﬂ@ﬂ%qdLﬂﬂﬂﬂdﬂﬁ‘ﬁﬂ‘ﬂﬁﬂ’]ﬂ VRUNENNANAY
Ay i ! o i L4 e = ﬂj 1 o e
uamsaniRnsnafadisthunafeuuudasaiiansaiu@nsion (Welldon KJ,, et. al, 2008;

Balagna C., Faga M. and Spriano S., 2012)



unil 3
FBantun3ide

unilaznandis gunsal infasile wazTanildlunsitunaonaudsiunounes?ins
nasesmimMawILidiU e deenlsd  meRnwravesgmgToudouiidreauds
vosfduvavundusented  Arwdnvasewsiidiunayundueenled  wagiimg
vodauautRvasiduuwnumdueeanleaiuwuaiiiss 4 ale leun  Staphylococcus
aureus, Escherichia coli, Bacillus subtilis k&i¢ Pseudomonas aeruginosa %ﬁdﬁiwamﬁam
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Abstract. Tantalum oxide (TaO) thin films were deposited by dc reactive magnetron sputtering at
room temperature. A target of tantalum (99.995%) and a mixture of argon and oxygen gases were
used to deposit TaO films on to silicon wafers (100) and BK7 glass substrate. The effects of
annealing temperature (300-700 °C) on structural, morphology and anti-bacterial properties were
investigated. Grazing incident X-ray diffraction (GIXRD), atomic force microscope (AFM)
measurements are carried out to identify the crystalline structure; film morphology and surface
roughness, respectively,  The antibacterial behavior of the tantalum oxide thin films will be
discussed in this paper. :

Introduction

Biomedical devices such as radiographic marker, vascular clips, flexible stent, dental implants
and other miscellaneous applications have definitely represented an important role in transforming
lives and improving the quality of living. Biomaterial is a term used to categorize such materials
and devices that directly interact with human tissues and organs [1]. Biomaterials interact with
biological systems through their surfaces. It is important to control the surface properties of a
biomaterial so that it integrates well with host tissues that make the material biocompatible.

Tantalum (Ta) became a promising metal for biomedical implants or implants coatings for the
orthopedic and dental applications in recent years due to its excellent corrosion resistance, fracture,
toughness, and biocompatibility, and has been applied to different orthopedic implants [2-6]. Ta
metal is good for the osteogenesis in animal implantation tests, and suitable for cell adhesion,
proliferation and differentiation in-vitro studies {7, 8]. Ta composites show the different material
characteristics depending on the surface modification techniques and the chemical bonding
structures. :

In this study, we therefore investigated the effect of the annealing treatment, from 300 to 700 °C
of the TaO thin films deposited on glassed and silicon wafers. The physical, microstructural and
optical properties evolutions, as well as the antibacterial properties, were then examined as a
function of annealing temperature. .

Experimental

Tantalum oxide thin films were deposited onto BK7 glass substrates and silicon wafers, using dc
magnetron sputtering. The substrates were ultrasonically cleaned in DI water, acetone and
isopropanol and dried in nitrogen atmosphere. The based pressure of the vacuum chamber was kept

All ﬂghts raserved, Mo part of contents of thiz ‘fza?er may be rebproduoad or transmitted in any form or by any means without the wrilten permission of Trans
Tech Publications, www.itp.net. (ID: 110.164,187,248-194 0/ 07:50:41)
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at 10°® Torr. The gas used in this study was the high purity argon (99.999%) and oxygen (99.999%).
The flow rates of Ar and O, controlled with mass flow meters (MKS), were both kept constant at
10 scem. The as-deposited TaO thin films were annealed in quartz tube furnace equipped with
temperature controller. Annealing temperature was set to 300, 500 and 700 °C, respectively.

The crystal structure of the tantalum oxide thin films were characterized by grazing-incidence X-
ray diffraction (GIXRD; Rigaku) with a Cu-Ka radiation at 50 kV applied voltage and 300 mA
current. The data was recorded at 26 from 20° to 60°, with a scan rate of 2° per minute. The
transmission spectra of the as-deposited and the annealed TaO thin films on BK7 glass substrate at
300 - 700 °C in air for 1 hour, recorded as a function of wavelength in the range 300-2500 nm. The
surface morphology of the films was examined by atomic force microscope (AFM) manufactured
by Seiko (SPI4000), the surface scanned was 1 x 1 pm. Twenty microliters of Staphylococcus
aureus (ATCC25923) bacterial suspension (1 x 10° cfu/ml) was added to the surface of the tantalum
oxide thin films. One milliliter of melted soft Tryptic Soy agar (TSA) was then added on the top of
the bacteria. After incubation for 24 hours at 37 °C, colonies of tested bacteria were observed under
stereomicroscope.

Results and discussion

XRD patterns of TaO thin films deposited at reom temperature, annealed at 200, 300, 400 and
500 °C were shown in Fig. 1 (a). The results show that as-deposited and TaO thin film annealed at
300-500 °C exhibited amorphous structure and the crystallinity of the orthorhombic phase TaO thin
film could be improved by increasing annealing temperature at 700 °C. The three-dimensional
surface morphologies of as-deposited and annealed TaO thin films were carried out by AFM were
shown in Fig 1 (b). From the AFM micrograph, it is seen that the surface roughness increase as the
annealing temperature increases ffom 300 — 700 °C due to the annealed temperature enhances
elongated grain size on the film surface.

gy " s As-deposited 300¢C

(201) :
70026

(002)  (212)
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L et 500 °C

riatheitey As-deposited 1

Ao ) s 1 | NN NI ——
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(a) (b)
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Fig. 1 (a) GIXRD pattern of TaO thin films at difference annealing temperature, (b) morphology of
TaO thin films at difference annealing temperature

The influence of annealing temperature on the optical transmittace of TaO thin film wete shown
in Fig, 2 (a). The transmittace spectra were recored in the wavelength 250-2500 nm. The as-
deposited and TaO annealed at 300-500 °C show high optical transmittance spectra. The
trasmittance spectra of the film abruptly decrease at 700 °C-annealed temperature because of the
deformed of BK7 glass substrate by thermal stress at high annealing temperature.
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Fig. 2 Transmission spectra of TaO thin films at different annealing temperature

In this study, the antibacterial activity of the sample suspension towards Staphylococcus aureus
was tested by an agar well diffusion method. The results of antibacterial activity test showed that
the colonies of Staphylococcus aureus were formed on the tantalum oxide thin films as showed in
Fig. 3. Therefore, the tantalum oxide thin films were not found to be active against the tested
bacteria. However, the result indicated that annealing temperature increasing the colonies of
Staphylococcus aureus that can widely spread out.

Jou°C

Fig. 3 Survived colonies of Staphylodoceus anreus-o\PCA plates incubated at 37 °C, 24 h

Conclusion

The TaO thin films were successfully deposited on the BK7 glass and silicon wafer substrates by
the DC reactive magnetron sputtering. The obtained films were annealed treatment from 300 up to
700 °C annealing temperature in air for 1 hour. In this study, the variations in the structural,
motphological, optical and antibacterial activity of these sample that result from the annealing
temperature. As-deposited and the TaO thin film annealed at 300-500 °C displayed an amorphous
crystallographic structure. With increasing annealing temperature at 700 °C, the crystalline of the
TaO thin films improve, but the optical transmittance decrease due to the glass substrate deformed

at high annealing temperature. The antibacterial activity test of the TaO thin films were not found to
be active.
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Abstract

This research interested in the physical and antibacterial properties of tantalum oxide (Ta0) thin films that were
deposited by de reactive magnetron sputtering at room tempetature. A target of tantalum (99.995%) and a mixture
ol high purity argon and oxygen gases (99.999%) were used to deposit tantalum oxide films on to silicon wafers
(100) and BK7 glass substrate. The influence of annealing temperatures (500-900°C) on structural morphology
and antibacterial properties were investigated., Grazing incident X-ray diffraction (GIXRD), field-emission
scanning electronic microscope (FE-SEM), atomic force microscope (AFM) measurements are carried out to
identify the crystalline structure, film morphelogy and surface roughness, respectively. Antimicrobial activity was
tested on 4 bacterial strains, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli and
Pseudomonas aeruginosa. The antibacterial behavior of the tantalum oxide thin films will be discussed in this
paper.

Keywords: Tantalum oxide, Sputiering, Aniibacterial

Introduction Staphylocoecus epidermidis, Escherichia coli and
Pseudomonas aeruginosa. Our aim in this study was
A biomaterial is a material used in medical devices to characterize TaO thin films in terms of physical
intended to interact with biological systems through and  antibacterial propertics.  We  therefore
evaluate, treat, augment or peplace any human tissue, investigated the effect of the annealing treatment,
organ or function of the body. It is significant to from 500 to 900 °C of the TaO thin {ilms deposited
control the surface properties ol a biomaterial so that on glassed and silicon wafers. The microstructural
it integrates well with host tissues that make the and as well as the antibacterial properties, were then
material biocompatible [1,2]. Tantalum (Ta) became examined as a finction of annealing temperature.
a promising metal for biomedical implants or
implants coatings for the orthopedic, boné ingrowth, Experimental
dental applications in recent years duc to its
excellent corrosion resistance. fracture, toughness, TaO thin films were prepared on BK7 glass
and biocompatibility, and has been applied to substrates and (100) silicon wafers, using de
different orthopedic implants [3-9]. magnetron  sputtering. The  substrates were
In the previous work, we fabricated and ultrasonically cleaned in DI water, acetone and
characterized physical and antibacterial properties isopropanol and dried in nitrogen atmosphere. The
of tantalum oxide (TaO) thin films, the annealing based pressure of the vacuum chamber was kept at
treatment from 300 to 700 °C. The results of 10 Torr. The gas used in this study was the high
antibacterial activity test showed that the colonies of purity argon (99,999%) and oxyzen (99.999%). The
Staphylococeus aurens were formed on the TaO thin flow rates of Ar and Os, controlled with mass flow
films. Therefore. TaO thin films were not active meters (MKS), were both kept constant at 10 scem,
against the tested bacteria [10]. However, we also The as-deposited TaO thin films were annealed in
want to study the effect of TaO thin films on other quartz tube furnace equipped with temperature

bacteria  such as  Staphylococcus — qureus,
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controller. Annealing temperature was set to 500,
600, 700 and 900 °C, respectively.

The erystal structure of the TaO thin films were
characterized by grazing-incidence X-ray diffraction
(GIXRD; Rigaku) with a Cu-Ka radiation at 50 kV
applied voltage and 300 mA current. The data was
recorded at 20 from 10° to 70°. with a scan rate of
2° per minute. The surface morphology of the films
was examined by atomic force microscope (AFM)
manufactured by Seiko (SPI4000), the surface
scanned was 1 x| pm. A field emission scanning
electron microscopy (FE-SEM, Hitachi model S-
4700) was used to analyze surface morphological.
Antimicrobial activity was tested on 4 bacterial
strains, Staphvlococeus  aureus,  Staphylococeus
epidermidis, Escherichia coli and Pseudomonas
aeruginosa. Twenty microliters of tested bacteria
suspension (1x10° CFU/ml) was added to the
surface of the films. One milliliter of melted soft
Tryptic Soy Agar (TSA) was then added on the top
of the bacterial suspension. The films with bacteria
on the surface were incubated in moist chamber at
37 °C for 24 hours. Afier incubation period the
growth of tested bacteria on the films was observed,

Results and discussion .

The microstructure of the Ta and Ta® thin films
were showed as Fig. 1.2. It shows that the diffraction
peaks in as-deposited and annealing (emperature al
500, 600, 700 and 900 °C. Ta0 thin film annealed at
500-600 °C exhibited amorphous structure. The
crystallinity of the orthorhombie phase TaO ihin
film could be improved by increasing annealing
temperature at 700 °C.  The 3-D surface
morphologies of as-depositg‘d and annealed TaO thin
films were carried out by AFM were shown in Fig.
2. From the AFM micrograph, it'is obvious that the
surface roughness increase as ‘he annealing

temperature increases from 600, 700 and 900°Cdue.

to the annealed temperature enhances elongated
grain size on the film surlace.
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Fig. 2 Morphologies of TaO thin films.

Fig. 3 shows the SEM micrographs (cross section)
of the as-deposited and the annealed film at 500,
600, 700 and 900 °C, The surface morphology ofthe
TaO thin films was clearly different between the as-
depesited and the annealed {ilms. The thickness and
orain size of the crystalling structures was increased
with the increased annealing temperature. The
results were in good agreement with XRD patterns
and AEM micrograph,

Fig. 2 SEM micrographs (cross section) of TaO thin films
al different annealing temperature

The results of antimicrobial testing showed that the
growth of all tested bacteria on the TaO thin film
surface was observed (Fig. 3). The colonies of
Staplylococeus aureus, Staphylococeus
epidermidis, Escherichia coli and Pseudomonas
aeruginosa can widely spread out. Therefore, the
films were not active against the tested bacteria.
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(c) (d)
Fig. 3 The growth of (a) Staphylococcus aureus (h)
Staphylococcus epidermidis (c) Escherichia coli (d)
Pseudomonas aeruginosa,

Conclusion

The TaO thin films were successfully deposited on
the BK7 glass and silicon wafer substrates by the DC
reactive magnetron sputlering. The obtained films
were annealed treatment from 500 to 700 900°C
annealing temperature in air for 1 hour. The
alterations in the structural, morphological and the
antimicrobial testing of these sample that result from
theannealing temperature. As-deposited and the TaO
thin film annealed at 500-600 °€ displayed an
amorphous  erystallographic. structure.  With
increasing annealing temperature at 700 °C to 900°C
the crystalline of the TaO thin films improve. The
antibacterial activity test of the TaO thin films were
not found to be active. Therefore, The TaO thin films
were not suitable for use as an antimicrobial
materials. In the future work, we will focus on the
biocompatibility of Ta® thin film for use as
bioactive surface in biomalcrials.
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