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Abstract

This research is focusing on thin film anodic titanium oxide (ATO)
morphologies that effected by voltage and time applied in anodization process and
abilities to enhace Raman signal and also the capability to resue of SERS probe base
on thin film ATO. 580 nm thick titanium thin film was develop by DC-magnetron
sputtering by using power of 100 W for 60 minute.The Ti thin film were anodized by
voltage from 40-60 V achieved with 20-50 nm pore size and varie time from 5-20
minute by using 40 V has shown the structure of TiO, nanotube, called as ATO
template. ATO template then attached with Gold (Au) nano particle by hydrothermal
process in HAuCl, solution to gain ability of Raman signal enhancement, called as
ATO based SERS which tested with 10° M Methylene Blue (MB). SERS probe was
immersed in MB solution for 30 minute and then use micro raman system to
observed Raman signal of MB. The Signal of MB on ATO based SERS is very high
compared to Signal from using Ti thin film as SERS probe. With photocatalyst
properties of ATO, ATO based SERS was exposed to UV light for 3 hour in order to
clean MB on its surface then reobserved the Raman signal again. The result of Raman
tested after UV exposed is every signal that identicated MB was not shown up. ATO
based SERS then immersed in MB solution again for 30 minute and reobserved the
Raman signal. After immersed in MB for the second time, Raman signal of MB has
shown up again. As the result we can conclude that, ATO based SERS can be use as

SERS probe and can be reuse more than once by exposing to UV light for 3 hour.
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2.1 Raman Spectroscopy
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- I wqwﬁtﬁaéﬁwm Raman Spectroscopy
2.1.1.1  v9uiAI8uRNYaY Raman Spectroscopy (Quantum Theory of Raman

Effect) [5]
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Scattering)”
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Infrared  Rayleigh Stokes  Anti-Stokes
absorption scaltering Raman Raman
scattering scattering

N oW s
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= = : it
2.1.1.2 nguin1sidaeullas Polarizability
_= = o = A
nalnmaifnn1snszidsasnuusnudiawnsaesunelalaengufnisivasuudas
=t wa o o v w a a oA o
Polarizability ¥aaluana duduaudfivedluanaifertesiunisiianisindervesiuse
a v - as =i o o ¥ o ] alll
il laluanagnauseAdulamaugs asgninienilasaunlwiwiiiianisdndes
Tneindledelivszaluvinszndeuiiludaiiavrssauulnin dudidnasouavindoud
v O da & 4 Ao a < 0o g v a o X
Wéauin nmsusnveaslsziifatuguivitliluanafanismieahliifeanmiatuun
$1m317 (induced electric dipole moment) nanlailuanagnlnanlsd iiansiaideves
W I Y @ =i v v o« ' f 1
Wusgialieateaiun1sdu Ssansaldsukaninnuduiussenindluaudtag ( J), e

vasaulih ( E) Aiinanedunanalses waz Polarizability ( O ) veswuseiaillanail

U= ak (2.1)

4 ]
v oA

1o = W - - = o v a
willosanauiaveauun ( E) WTUAVARULEINTZAUNLAIND U, W lvia

mstnelvesiusuall waziiad t dnavihiiluaudtgwdsulyduandluaunisi (2.2)
W \aF,/Cost2 k) (2.2)

\leane1 Polarizability Ussnaumie 2 dau ladiuusndu A, veduianaioglu
1 :d' 1 d 4:‘ 2/ s
annizauna wavdiuna sudunasmusar Polarizability veslutananiinesdoatunisnyu
& = o 1 o a o o
vionsdunanud U, Taq laei A, \ue1 Polarizability innufivesnisuguwienisdu U,

& | o v o
1uq r, Wussesiinaunavesszeey awsaduuanilameaunisi (2.3)

5
oD a0+2(;"

) 'y COS2TU, t (2.3)

(4

210 (2.2) waz (2.3) ledail

dap
or

n= Epagcos2mvyt+ Ej X ( ) cosZ2mvytcos2tvt  (24)
u= Egaycos2mvyt + -;—Eo > (-%Q) rp[cos2n(vy — v )t +

cos2m(vy + v)t] (2.5)

San

2In &0

=b.

ng



= o ] P P a W
1NANNITA (2.1.5) wanaliiudn menusnianuiueanisnszidaueas Vg iy
o o v T e
AUAYDIAAULAINTERAY Vg Uay Polarizability (0l) laitUasuulas wonusniidauduns
=3 L2 d! =l U at at o/ cj n‘ £ al = =
NILLTAUAIUUULTIRTIIAINEDAAGDINUTEAUNANTUALNEIVDINUNTLUIUNTANNITNTLLI
' & P o a v ¢ v =
Uae duaunansTelsenaulumeninsziduas s uidualandaaadnud (Vg=Vy)
o 8 1 < o a 7 a ¢ v a
101n91A1MURYBILAINTEAULATNITNTELTIAIT I UL ULAULBURALANdA8 AIUD
P 1 o 2 ! i sy = :
(VgL MganiaudveaInsyau waziA1wes Polarizability (0g) tWaswlUaNA

a
Polarizability ndn11eauna

2.1.1.2 wanmsvassuauninsalad
= Y a o 1 o & a
sruaalasalalidunisinnisnsziderauiaaludinasaay 3600-50 cm , BaLin
aa ¢ a A ~ 2 ) o Y
MNMIndLanagaimINbYl U, wariinnuiduge suduluana vililuanaiindsnu

i
as as =

399w ulvegiiszAundsauianiiziin (Excited Virtual State) Falluszdundsauiieg
FENINANMIENUVDITEAUNTIUBLANNTBUNE (Fp) WaraN1ITLSIVDITEAUNGINUY

1/

Sidnnseind (E,) svdundanuianiviiaviuet

as

UNAI LD IUAUAYD T LAY N ITUYBY
Tuana nuiuatawesdnniahbiianssuuuiongu wagdndiuiaiansvuuuul
fangu duililuanasundsnuiuiuneanashiussdundsumsduniomamu way
AANSNTEATWAILUUTINY
anufivendualandezianuidniiauivesrduadaises Anuivesannsu
youdualandazidoulunnannuivenduuns (Red Shift) dauanuivesusudalnndaziiidu
Wansuiifianuiganhanuivesuanawes wazianuivesaidnasudoulunsniuiues
adudidu Blue Shift) ilesniiseiundsnuanmeiiu seiisaluanaunniritszdy
wisewannd Jeihlndualandianuduns nssidannndnduseudaland deduly
watlasuuaunlnsalalfudenldainasuvedualanduinnirawnasuvesuaudaland
snulunsdififimssunuanmsiiawgesisasuslumsiiinwgooisawudldiiefionald
nsinnsnssiiuuukouRalasndunu F9euiennseaeiivedlnanaluseAunaauns

dulamieaunisuas Boltzmann #eauns (2.6)

n g P KT '

n,n’ fAg PuiuluananegluseAunisdu V=0 wag V=1 amudau
g, ¢’ A8 Degeneracy TuszAUNISEU V=0 Uaz V=1 muaeu

AE  Wunasnesewinandaany Suvhedu J/molecule



AE = hoc

h \Judasiives Plank’s

c Jupnuauas = 3x10™ cm/sec
v Juawadu Swdedu cm’

2.1.1.3 ngmsidien ( Rule of Mutual )

(1) dlaanaiifudnaavesauuins (Center of Symmetry) nsduveslnualagi
\u Raman Active s IR Inactive wazlunanduiu nmsduvesluualagidu IR Active
921U Raman Inactive

@) lwanailifirudnaswasamnasaeiinisduuisinuniianandulévs IR Active

Az Raman Active

2.2 Surface Enhance Raman Spectroscopy (SERS) [1]

Surface Enhance Raman Spectroscopy (SERS) tllumatian1sinsauiuguuuumily
Feanunsavenedygusuulalasedeauantiiryeesialavs anuamisalunisveiy
Y] ., o 1 q 6.1 = 8 14 aa A0 v o o
doyarausamiintensity)iueglugag 10-10° i1 w30 1010 Tuunansal wndrdgydmiu

- P a & o Y] 1%

SERS  fa n1shatusadennunlunisiald wazaduaiuisalunisnevaueegy
( Highly Sensitive ) Fslun1sTasrunuiluvinlalle ( Raman AnwiRafaalildingie Photon

LYY

YDA Laser ansonaniu Bulk Material Tule vinlitAndayeyraunnn Bulk undadeyayoy

= o -

U drunsvenediygnved SERS duiindnanaudRvesialanedua Sadygyiudn

L7 ]

gengleiiunnnirdyaiamin Bulk e )

wé’nmwmaﬁ@mwmﬁ‘juﬁag} 2 naln fg Electromagnetic Way Chemical
Enhancement N3U7uM"T Electromagnetic tuaziuagiuaiuvsvssvasinlans Tuvned
Chemical Enhancement thudhgiituauanunsalunisgadyu Electromagnetic lsiudansdl
NINTIA

SERS dnilngjasldfnu/Anseiansiiinizun Coinage (AuAe,Cu) W38 Alkaline
(Li Na.K) Famumquiudlavgynaiinaunsavesdyaald wilanslungy Coinage uas
Alkaline ﬁummsmmaﬁ’mmm‘lﬁﬁﬁqﬂ

freANasaTas SERS vl iasuuanusadnie Interfacial sraqiiliae

vinléiunnou 1y Electrochemical, Catalytic, Biological Wag Organic System



2.2.1 Enhancement Mechanic [1]
EJ o o/ ﬁ: s =
nalnndfyianlunisvenedygyinsiuiulu SERS A9 The  Electromagnetic

Enhancement gsiinalagnssfuannuasuse (Roughness) vesiialave Sanisaireinlane
wuuifannsavilévans® 1wy Oxidation-Reduction Cycle on Electrode Surface, Vapor
Deposition 1a* FsTswaniasvhliiflansduiioymenienguieusynialansideanse
wansanURnisveedyquld

mmL%’uﬂaaé’mvmﬂm57uﬂiﬁuLﬂuﬁmdauTﬂamiaﬁuaum EM #ia1easuuansd

AATIEY (Analyte)
e (2.7)

lag | Av Raman Intensity

E Ao dum EM 59w 3aflawiaiu
1 /38 Ea + Ep (2.8)

g Ea feawnuwiméniwihiivdesunainansiasisi

Ep Aeauslmaniwihiliiatuainanauifnuusussvesoumalany
2.2.2 yAdeifeadas
2.2.2.1 Fast detection of paracetamol on a gold nanoparticle—chitosan

substrate by SERS [6]

Elias de Barros Santos wavanzddslivinisastada SERS Tuainnisadreildy
EJ‘Lgﬂ’lﬂV]ENU’ﬂuIﬂEJﬂ’lﬂ‘ﬁ 10” molar Tetrachloroauric(ill) acid 6 ml ey 1meg/mL
chitosan 36 mL 3zlfagazas AuNP-chitosan uaaeaasuunseanalasiduusuna 100
ML mnﬁuﬁﬂﬁuﬁaﬁwmiﬁﬂﬂauﬁqm‘mgﬁ 50 C e 15wt lnenszuaunisiiossi
siavun 3 ade Fermudedodldansavats AuNP—chitosan s 300 ML

9nmsglassainuasildn AuNP-chitosan duldldinaiia HRTEM Tnswuirouma

dwlvaiiivuinuszum 5.2 uiluns



2 & & B 10 12 14
Diameter/ nm

M 2.2 (n) dnwvaeilduounmaneauilu waz (v) nsmadadnuiueynARivuInfeg 4
wuheymednlnginng 5.2 uluns

Tunsnegeuyssansnwuesda SERS Wu lviinisnaaaumeans Methylene Blue

=

( CieHisNaSCL MB ) Taelunmd ( 2.3 n ) {un1sians MB smewalia Raman 55510 R

=l

v W Myl { -1 1Y oa
wildindyudlatusiuin ANe 446 cm - Ay 1622 cm UuRsAFYY 1MUY MB lag

<

' 2 1
o = 3 o ol a =t

Fyauindentuiinndu 20 wihesdygiaaselurnsnnIng (2.3 v) dulansfaduyiu
‘) -6 [ o o W -1 & = )
199 10" molar MB ¢n8T7 SERS lneAFIM 203 LAz 306 cm WUUAAITIN1TAUYDY

s

Wusy AuN Ay AuS Famunetialuanaves MB tugnaadulageyniaved uazdliia

Seueuuil 360, 670, 1031, and 1230 cm | iansawiulaaints SERS winiusig

CH; o CHy

1622

2 S
% 478 1 g 1622

1230fA A
a
3] 9 670 888 4034
Yo S o3
& 89
@
S

N

£ e V0 L OO
- 3C-” Y
3]
g

x(20)
11 T T T T ™ T T T r T v T
200 400 600 800 1000 1200 1400 1600

Wavenumber / cm"I

i 2.3 N9 an1sUTs U UE Y IINN1TI MB AR8mALiA Raman UnAnuinaila
SERS

PnAdsilvinbiudennuansalunisueedygiaveanatian1sinuuy SERS

-15 L7 -d.q ;7 v é 6 U 1 s
PFIAINITOINAITAL A8 MB NUAULYHIUALIN (10~ molar) lnat1atniau



2.3 lmwiley (Titanium)

wa &
2.3.1 auautfiUasduvaslnimiley
a o I < 1l o
Ity Wulanensu@du egaui 4 wyin 48 Tunnsnasg Taveznew 22 §

anwauzAtuiugg danuvunuium willanuudausge aansanunisianseuluimeials

a s ot a oal <l =3 s ¥ e
Indevaunsaiadaassiumdn, eglillon, nunien uagluduiiy Tnvayldsaassidl
uminiu Beuldlunisndnoniden grlsuine gaanunssy erusud nsuwng gunsol

- - o - |
AW 1ATDIUTEAU Lazeanvaluay [7]

i 2.4 uialnnideuuians 99.995%

e dulsslowdosannfeanuamnsanisomsinnseunas s
AumuLugs WeiteuiuTavealindu [8)

2.3.1.1 AEUURRANIENW

Iniflendirmamunuusifu 4.506 o/cm’ Slaaidend 1,668 sarwaidua waydl
%qmﬁmﬁ 3,287 aFLvaLdea 'L‘wmLﬁﬂmfu‘[mm@iuluﬁaammLL%&Lm@at,l,ﬁmmwmlmu%
o Tnglnnfouinsngnamnssusialy (mnuuiand 99.2%) fuile Tensile Strength
wirfu 43¢ MPa w3eivnfu 63,000 psi Fasnweqfuinannds uditmdniiuanda
lﬁnmLﬁauﬁgumeLﬁuﬁaam"m@ﬁtﬁau 60% wiilmuwdausananairdavings 9] egnalsd
s Innidleszguiidernuudaidediolimmsouiigamgigant a30semiwaidva [9)
Indleniuonsarlindausavifumdnndriunsyuuds Wimtenauuudingn wayi

ANuansalunsiiauseulaz il nndlvudaassiefiianu nileafidininTa

PO]

< I a Y] s 4
duduegiiilluudanosuazaivaulviues
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23.1.2 AaantRidai
=l as a a =l o= = as s a aaa S5 1
wilounuegiitlonuasuunili@oy ninideuuavdaassvaaduasiinUfizen Oxidize
s 1 =l o aaa al a ej =3
fuemmetnasIng) Inmiilsnazvinujisenduesndiauiigaumgl 1,200 ssrwaifvalu
= =l =Y = a o, = '3
91017 Wazh 610 samnwaldualuussernidoandiauuians nareidulnnideulaeslys
v 1=t q’:’ o aaa s g 2 s!l én L%
(Tio2) [7] widenszdulnndeufiiaufzerfuiiuazenmadinn Wesnansiiivesiu
=] 2/ q‘j 3 = aaa ¥ T " c; a’j t‘e?l’o v a [ a‘!’
andeumletusanlynaNNIsAnURATEN Oxidization Fetuaanlentvinninndesiuiie
Inwidisunwisainniaiia Oxidization fe [7] Feduesnlentaznuiuszanm 1-2 wluuns
usivzABqURIBE 1T Tngasmiszana 25 uiluas lanaesldiatis 4 T [10]
\Wiesnntueenlediiunaguitvedlninilionilioa vinlalninidesinuand@lunisny
nsinnsauldagedilbsunagfuuwanfidu (Platinum, Pt) lasaiunsanunsadailasneu
(H,504) nsalelasnae@ngou (HC) uarnsneeiuniindulngld [11] wifdsaursagnia

nsaulagnsanilauntugadla [12] wazarganunlnnideuiindngliiasweadfinauy

]

=2

fudthrensiinujisedielasugungiegiann wulnmilsniussiianisanlwlineu

v 1 A

gruuiivasinniuazigavasuvandsdn msvasualvesmllenaziiavulafnseiiion

b elr,

=1

’luus'ﬁmmmﬁﬁ;5@81&%’[113%11@&14mﬂmﬂwi’lﬁy’u venvniuudalnnilondadulanslaii
yilnfianunsadaufisertuuidlulasiauld TneiiaUfasowinmyi 800 ssrnvaidoa i
Wulnnidenlulasadasizuiann [13] wazdeanudlnnifioniauiiseléftu
pondiau lulasiau wazufaduq Seldfinisniilnmidealudnduledmsuldluda
Sublimation titeldiusandnduufalusyuu Ultra-High Vacuum iflasanndisiaignuay

o d a/ s
yulaluanneAaIuAUAN

2313 mafiuidelanglnmidey

Inideudusinasdniusyiusnduglusssumniians Wdoudusaiiduinian
Tuwdenlanifusudui 9 (9] wagbulaveitnniigavulandusudud 7 lnsanunsawuld
lulufudai (1] 29nn1sAnyIves United States Geological Survey wusnanfiusnil
vianun 801 wiin axdlvinidlounauagis 784 via druunaveglugundnuuu Anatase,
Brooktile, Ilmenite, Perovskite, Rutile ag Titanite [10] Tfleuiiuselomiludanisan
Aelnwiiloulasasne Rutile way Iimenite e manduazmilagininiy

Tu¥ 2554 duannsoagelmmilenld 186,000 fu Tnsdrluaflianuszinaiu
(60,000 ), UszimadiUu (56,000 fu) Ussimasawds (40,000 fu) Uszinaanizaiun
(32,000 #) WagUswaagaaniu (20,700 fu) [10]



il

2.3.2. Titanium Dioxide [8]

=1 3 > v YY) o ) , = 2 =3 ]
Inmillewlasenled (Tio,) vsaiduiiidndumlulude iy’ flasiadrawdndqu
Ivafluguuea Iimenite, Rutile wag Anatase Tnindletuannsaluussandldsuliedas
1 1 o = :5 at o 1 aley l& ‘J
warnvae hidresfunsléanunausmiviieg Wuansisdiniineg uayamaudinied

vivbilnmdeldsunnuaulaninidedusgaun fenmuandalunisifudussufisends

e (Photocatalyst)

:’ s 7 =Y = .
AN 2.5 anwarlassasiadaanvaslniteuuuy (N) Anatese waz (1) Rutile

2.3.2.1. NFUIUNTVEANANDY (Self-Cleaning) [14]
b2 s = sil = @ 1 8 P d'
NITVIUNTIVEANAILY UIBYLITNAUIMNITEUIUNS Self-Cleaning LUUNTZUIUNTTN
\NnduanainauantAnisiu Photocatalyst vedlniniiealaeenled UATeN15150Fua

aaa b g

(Photocatalyst) 1umsissufitenvesdnswiiferdouas fussufasendaulng s
AlEnR Photocatalyst Huasifiuansussimmansiisdani (Semi-Conductor) fifitasiauas
SEAUNGRINUTEWINUAUINAUT (Valence Band; VB) AU waunisulia (Conduction
Band; CB) 383N uautoinand sy (Energy Band Gap; Eg) fini1aneaffiundanuuas
UNEUY %"'qmnaﬁqn15ﬁLLaqéﬁuﬁuaﬂmwiﬂﬁﬂ1ﬁLﬁﬂﬂ’|iLﬁsﬂﬁﬁ%aﬂﬂua&ﬁaLs'qlﬁﬁ?ma\ﬂ
MANMITBINSIAANTEUMNNTTEE BTy L“ﬁmwnm‘sﬁﬁumlunaxﬁuawﬁqéﬁﬁn
s‘z‘fa%ﬂumﬁ%”mj Electron-Hole Pair 34 Tasfl Electron fiAntuaAaUfATeneendndy
fuaen@aulueina iiausynin Superoxide Anion 31 luvaisiienfuazesilunieoy
\Ann1sgadedidnaseulitu Hole Aatu Aeilueyna Hydroxyl Radicals vt
Superoxide Anion Wa¥ Hydroxyl Radicals ‘lfu%l,ﬁmjﬁﬁ%ﬂﬁiﬁaﬂﬁﬂ Oxidative
Decompositon fuanseasunila vilasessuniaduunnsesniduuiansveulasenles

kazun
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02...,...;.».--.-,0..".[ °z+ o = _02— 7
Elecirons rele —

Conduction band
E — 2 .
(superoxide anions)

active axygen Oxidative
species

Organic
substance T "'mm-n

0;” |
[ A ] CO,+H,0

1

OHmolsture in air)
TiO, | oH +h*—>.0H |

(hydroxyl radicals)

AW 2.6 AMNLAAIEIAUAISIAANTEUIUNTTPZE IR LBS (Self-Cleaning)

233 muiRefiieaves

2.3.3.1 Photoactive self-cleaning polymer coatings by TiO2 nanoparticle
Pickering miniemulsion polymerization [15]

Edurne Gonzalez LLasﬁumulﬁﬁ'lmwmaauqmamﬂ’ﬁ Self-Cleaning 899y
TiO, Inen15d31e Polymer MMA/BA Tuslagh MiniEmulsion Taglavinnisuauansazans
TiO, Aifiranndudiu 5710720 %wt adluseminanssuIunsadis uazvinisadou Polymer
mﬁaﬁuu Concrete

MnNsAnwanwazvasiidInameildninamdis TEM wudh paandaduves
Ti0, Mdlunsrdndsgeiusinavinlfuunnaynelnduesidnas wagildnuzvesoynialu
WUUTHAS (Honey Comb) waga1nnisfnenisnszaiasiives TiO, vuiidumeinatia
XPS Taegansuuezaenvedmien (T) Awudy Aduiiadreeinansazans Tio, A
ey sxiiddauvesezneulnmifisnvuiaiduyssann 5.5% annniiduiiadng
MNAITazae TIO, NiAududusn og1e 10%wt way 5%wt Hidnadiuasnaslmniey
WEN 3.2% Wag 0.5% Auaeu

TuntsnaaeuUseavsnmussnuany® Self-Cleaning 1 fiuaulgvinismaaeuling
I¥ansazans Rhodamine B uanssvyd wazvinisszydSinadiiumins Colorimetry 1u
MU a* wagsyyanuaImsatunisie Self-Cleaning nwduds I Tneuas UV fiavas
vuiuiindwe fidanududui 10 wm’

NANSNAABIIINNITAENAY UV 1T1a1 9 dluanudn Rdulndieditlalavianag

Waw TiO, aslusgndnendstugaiidves Rhodamine B aufn luvnefilduiinay Tio, duild

2
= s

- 1 [7yy) = =2 a ¢ a & o ¥y a . 1
nasedriulataiey Fanefafldulnduesinay Tio, dlinuaudh Self-Cleaning oY

939
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Blank latex UV

radiation

10 wt % TiO,

20 wt % TiO,

s 1 1

AT 2.7 WanIVARBIIINNIANELES UV asuuildulndmesiiidndiusiegves TiO, nay
9

CERe

wazanmsianae Colorimeter wui1 Usunaudues Rhodamine B (a*) tiutiosaeniy
narfiviinmsateuas OV Tudnsaznimuuunisiluaigd deanunsaudaadudinis

\inUfAsen self-Cleaning (I 16

=5 wt % TiO, =220 wt % TiO,
===10 wt % TiQ, =+*—Blank Latex

C NN ol

g0 g-—0— e

1 I 1 L

0 100 200 300 400 500
n Time of exposure(min) g Time of exposure (min)

0 1 L x I3 i 0
0 100 200 300 400 500 600

Al 2.8 () wannsinuiinad Rhodamine B (%) wax (1) nsiAnUnNTen Self-

Cleanign (I'@*)) mualunisaneuas
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2.4 nszuun1sezlulawsu (Anodization)

Q.II L 1 =Y dd U
nszuaumseslulaedy (Junszuiunisnisdanseudalniaiifaiuis nadag

v s :‘El 9/ o Y a a ¢ e‘alE’ a 1 9/ dl 1
TAseasreszavunluiuld Tnenisvinbiieiduesnlenauuuiinvadlans iunislaasesqney

] s a a ) i '~ = ° v o o

Thswduansdidelaslaiwanzausulanzusazde Welaneynmimduianelun wazsl

a o o ' a s o vy & ar '
lavzaiinduidutualng weglumsazaredidalnglayi lansiegiledauelunazgninniou
WIUNSEUIUANS Field-Assist Dissolution M3anszurunmsinnseulagldluiigie uasinnis
Tl dazvilinsiansewindulufansvuiuiuiicsesaunyiiisz et lanevaan

Wadulassaireviounluveslanzesnlediu  (nIoidunisinlilanzduiAnufazen
Oxidization Tuile491nN154 80U Anode FuTuinvesinin Anodization thues)

& &
2.4.1 szuunsezlulaedunuuinugiy

lussvumaheslulawduarUsenauludmedlsenouddayiinwi (2.9)

Mwi 2.9 szuvesluladuluuiiugi

s

| 1 A YV Ao w &
duusznounnea intifidfy il

|

1. DC Power Supply  vhutihdidushdngliinssuanselifussuu

2. Electrolyte vimihiifansewlansmune Tnslavsudazaiad
Electrolyte fisumzsnaiuly

3. Electrode Metal wisTanedivihmeiidudalaiia cathode viadhauly
SEUU Ima‘lamﬁ’h’j’%ﬁmmgﬂﬁ‘mﬂ'ﬁ'auimam'sama
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Electrolyte d@wlngtisalduwanditu (Pt) uaz nzn?

(Pb)
1 o 2 o
4. Target Metal uvislangidmuneilsnean1saLyinnig Anodize

2.4.2 Anodic Titanium Dioxide (ATO)
2.4.2.1 nsruumstinanwueviauulnmdenieisasluladu

5

nszuIuMsiauasusuanlnndesyhujiserivarsavaisdiaalaslavideiundy

drudsznou vlnAnduiulnmdeylneenlestunuaunis (2.9)
Ti+ 2H,0 — TiO, + 4HY + 4e” (2.9)

Tuvagdefuiutulnnitisulasenlediesiszgnianseudengeslsainauelu

ansavanedidalnglan (WU HF, NH.F) suaunis (2.10)
TiO, + 6F~ — [TiFg]*~ (2.10)

waziilesninuavasauwlniideulidalansheans Tnsidalany lnoniloudu
d2uan vhliAamsigeeymalossurgesnlsdluiimneuuiusvaulni msfansou
veslnnifloulnoonled SuinTuedrdaiioslufirmadortuaulni iadudnvusvie
pndnadlulufivednnidedlaeenled uazidensinnseuiiundesesresznialnmilen
Aulmdionlavenled nwidlsufasiaufasensuidiauns (2.9) se vlsidenarduly
fulmnilelaeenledazrosquenesadnaduludulmmiondosq Bontuiolnmiola

panbwAMaITIN ATO %38 Anodic Titanium Oxide

6F 6F 6F 6F 6F [TiFg)?

Ll L/

AW 2.10 nszuiunsiiaduvialnvmdda(ATo)
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2.0.2.2. HANSENUINVRAVDIESDLaALASLAN [16]

Tunareqauiteddnviisafunsyuaunis Tianium eviulagduiulainnsld
arsararedidelaslavifiuansadueenty agradu (17] leldarsazas 0.5% wt HF Tu
nszunumsesiulawduiinamgivedasildanudadndlunszurunisdaud 3 f 20 Tay
usRnuTliannsoadtedu ATO fianumuiuinnd 400-500 wilums 16 dudumsizdn
d15azans HF ﬂ'juﬁﬂ'nmflunsmﬁqa Wlnsinisianseufivthwestu ATO fulinoghs
ﬂﬂﬁwuawwﬁé’mmmsﬁ’mns'auwhﬁ’vé’mmmﬁm‘ﬁy’uaaﬂlﬁﬁ Soilimudnuesdu ATO
funailegiiuszunn 400-500 uiluwns duieq

NI Mor wazamz [18] lavinnswaunsnezdnsnasluluaisazaly 0.5%wt
HF Tudnsrdanu 1.7 Famuinddasnisiinvelnimideigetu luvusfigusavesdnumzse
Tailsiulidsuuas

1T0Y09 Ruan wazamy [19] wuirdnsasiiuiavewelnmisiiaiulaeld
d19avaefid 25% HNOs uaz 1% HF  fimnwdt9dng 20 Taaviuaszinan
4 %Imﬁ#uﬁmmﬂusmﬁwqq avan wazdanuenvielmndled 400 wiluuns Tuvesd
asavanedidalnslavifiusenauludie 0.5 M HsBO, + 2.5% HNO; + 1% HF fitiuluay
Anadnduaziiantu ndulianusnvesiolmmiled 560 uiluwns

dleldasazanuitsznouse KF w3e NaF tuwuiiaunsaadiaiiuangmunueadu
ATO Idduiiu audunsnresansazansiesanunsouuldlaenisiindiudss nauves HF,
H,S04 %38 Na,SO, ‘Luni;ﬁﬁ'ﬁaamsﬂ%’uam‘mwiwé’mwmaﬁ'mm'auﬁwﬁﬁ%u ATO fiu
Fasnsiintu ATO fianaslulummidey

DAAIAAT mmmmin'Lumiﬂ'isfﬂ'1s;lG‘T’J'*uamimﬁuLflums}wawé“n'l,unmﬁmzu
ATO ﬁﬁlsmmmﬁ'ﬂﬂzjmﬂﬁﬂﬂmﬁumﬂwuwaa%ﬁu ATO 19 1unsealves Macak Wagany
(20] 18ldasavane Ethylene Glycol FiAinisnszatedaiidnuan \lefagAIuANNSHn
nseuifveavielmimisliiliguissuiuly Tnglduaufuaisazany 0.5%wtNH.F Aiwudn

s as

ansaasetu ATO Tavuntia 7 dm wazdalianvagNAoutsdlaus munwi (2.11)

AR 211 7MNAINNEDIRaNsSALBLANATOULUUABINSIA(SEM) Yasdnuwazvie ATO Ay

i 7 Mm fiafsluansazans Ethylene Glycol + 0.5%wt NHF
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2.4.3 ueineateenu ATO

2.4.3.1 Fabrication of titanium oxide nanotube arrays by anodic oxidation [21]

Tuauddeil Jianling Zhao uavaairdselivhnisinudnwazess ATO fadly
asazaredidalnslainialalasrgessn (HF) Tasldliuiulnmdsuanuuianiaauna
10x10x0.5 mm’ Nwunstafaliien wazdrelanszuaunts Ultrasonic Tuth DI uas
Acetone Aoutiluldau Tuszuu Anodize Muldldindossnelnnszuanse (0C) uayldusy
Inndisnudauelun (§huan) Platinum wuna 20x20x0.1 mm? Wudaualng (dau) Tasi
sezaveaisasstaiidu 20 mm asdidnlnslarilalnsugessntuiimuiduduil 1 wos
Tuth DI Bslunszuaums Anodize vaunayvhilgamgiives uavarsazaredidalaslavias
QANIUAY Magnetic Stirrer naeALIA" 145%ﬂ1ﬂt.ﬁ%’ﬂ§ﬂﬂiSU’JUH’]‘ELLﬁ’MLN‘ulWLVELﬁEJM‘JSQﬂ
thindadeth DI washldwiadeunsiluvinmsasiaay

nsvnasIkuuDanduamnvaass n1MeaeaLInAensAn¥Idnuuslasadau
Avewsiilnniflenvdinnriunssurunsuiuugeiuiaesu Tnsduduusndousulnm
Wiuuitiumstaefissesadien (nnil 2.12 1) Susiuiiaasdousiulninioundaningn
Anodize innuduluih 20 v lussazane HE (il 2.12 v) Sudufiandousiulnimide
findaanyiinis Anodize udafldinisudusiulnomilonly HE o (it 212 A) Sudy
gavhefeuduinmiisuiiunisesTulawduiinusuluin 20 v duaar 30 wid (rwil

2.129)

MW 2.12 Shvagiurvesukulnidoumainssuaunsnieg

nsnaapenaes LunsiSeudisulaseadne ATO Mnnseslulaaedulagldminusy
Iivenadu Aefl 3 v, 20 V, 30 V uay 40 V Tagldinavisnun 30 wail luaisavanesigalng
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la¥i HF %wt nan1sMAaeInudt N5 Anodize irmudulviing (3 V) finaifioainlkiavh
Andusenlednonis)tuvindy liillasatadnuasvouTuAniuusedla (nwd 2.13
n) luvaiinisldanusulii 20 v duaunsaadialassadraiounluld Tnsfourndusiy
Audnananieluviauszana 100 wluwns (il 2.13 9) windaanifiuanufuluindugs
A 20 V wudiinavinlifaudhdusenlediugnansazansdnotasing slifusenlesiy

vnawayldaunsanaduduvaululs (0w 2.13 A uay 9)

i
=

Al 213 dnwasiiufavesulnmioumdansidanudulniindaiud () 3 V, (¥) 20
V, (A) 30 V wag (9) 40 V

msvAaesgaviny Aenaiisuiisulassaine ATO Mldaalun1s Anodize fneiudl
5 W, 10 W, 30 w7 way 60 wi laeldanusulvin 20 v luansazaneddnlaslayt HF
1%wt man1saaeInuIllun1sldiaaiies 5 wiingwsaiinlaseasvieunlulanda
(amit 214 n) uazasldnaiudulinasomunduimugudnarsesiouluies
@ntaswindu ( dungldainnmd 214 n-a) winsldnarduuduludunduiinaiils
favihwesiusenladgnineanty ( it 2.14 9 ) wasvieunludsdouiuiues Snfadaiinns

indnwauggniuiumelugngufudngui

2
= = 1

2NN 2.14  anvriuivawsulnmidonndinisitianlunssuiunis Anodize @197 u

(M) 5 w9, (1) 10 W9, (A) 30 W7 was (1) 60 U
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2.5 naswwasuiauuINne3salnnadse

= 5 a a § e/ @/ aa ¢4 '

alaneosie ( Sputtering ) 19uiSnsindauilduendeondnnsnui@ndmisunin

Usingnisainsanemluiuuai ( Momentum Transfer ) Tneifinannleseuraseymaningn
] LAY s Aﬂ a g (S al ]

salildyuiuinvesianaueznenifvesTagiungaosnluimeuuiovesiognasunatedy

o 1

FuNALTY

2.5.1 nQufidendndvas Sputtering
ieldeymantin (loeeu ) szaudaifiavesian sufianisarmlumuiuliornex

= = & a Y < = o &
wioluanasueymavieluanatunanesnanfivesian naidulunmideulusi

(1) msnszeduvetoumaninyaesnuYuegiuiianiieynauunadivy

< = a -,
(2) BUNMANGADDNNININNDIVDINANLAL I UANINAN I UUDY

fa A & £ o o o o w
(3) alameiiadan ( Sputtering Yield ) FuAuwduLazInavesaunIAntn g

YU

| ad a = a ' as
(@) sumAivanesnuAINBalaneisaviimiuiuedsuinninainismssame

GUP]

symemnimutheradunanmslwiiguimseu vislivszglwihidudidnaseu

~ v v ) v oa w o o 9 v o a =
winleoaunls uieyniatuazsdeaindrugelunisyu Fanasvinlioyniafifiseqlaid
wisnugetuhldheniltaeniassheauulnih lusundeiudidnnseuiiiatesiiuly
Usginiamlunsdemluiuunudadosnitlossu deiulaeialudadonldlossusine

< Y A o ' va o Y &
aunlwiuivelilsieymaniindanuganesenisvuliavesiagiiuvaaesn nszuiunsiag
a 1 oA ) i va ¢ da o v = a 5
\WinetvsaLlosainaneaunaglailduniiaumnauiaesnis Fnsudneyninleoautl
£ a (3 G P a o
UNNNTLUUMS Inad Aada ( Grow Discharge ) waziliolosaundsnugaiavutians

\WwaauIinUTINgNITivaIEBE (WU

(1) lepauunduasieundu wazgdrmnaznatsidunarsmslniuidesarniianis
s fudidnaseuiiiivead

(2) lovpuvaniladndrluluaisiadou ( lon Implantation )

(3) WhansindeuazdanuaseBifnaseuyailaes ( Secondary Electron )

(@ WansSeailmiveseznouiiinveadhaisiadeu ( Altered Surface Layers )

LAZLANAIIUNIDIV09LASIAS19MEN ( Latice Defect )
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a ' o 4 = i sal
(5) \innsvudeilosaveraauithansindisunansen (Feni atanesse (

Sputtering )

2.5.2 nalnn1siadauaudaeds Sputtering [22]
4 o w o 1 s
nalniddgmenszuiunmsalamessveinsaramlbiiudiwedloasuuinl
- & a i v Y ad v a

arpauvatharsindau Inenezmaunitransindsutulsenaulumsdiannsaunseaneyinii
YoI9LABN 138NINANDANATOU ( Electron Screening ) tARIBlanasautinisnsyaney
meduminavevziinnnnaeudssninlessuuiniudhasiaiou dniumstureslessuy
uinfvegneuvesthasiafouldunmsvuwuugasi ( Coulomb Collision ) iauusn

aaud (F+ ) lesuaunis (2.11)

FZ,Z,e?
F, = (2.11)
r
P I [} ) @ aa
o v Wussezriszwindlessuuinivezneuniel
Zle Uz Z2e Wulszglwihweslessuuinuazueseznouniava i

Z1war 72 Wulavermeuvedlessuuiniazveeynauniiue i miudinu

K \durrpsivesnaent

w & Y] o o A W o v
dalundsudng (E+) vadlespuuinfonuusiussgasuinuanns (§1auw) Afu
- = o gt a = W
ﬂ"l'iLﬂﬁE]UW‘UEN“LE)@E]UU'Jﬂﬂ'lﬂiﬁﬂﬁﬂuu‘ﬂﬂﬁ rIﬂ‘]ﬂ']ﬂuaLﬂaUﬁ‘UaﬂE]%maNLﬂ'] L'i'lﬂ'ﬂ,ﬂ‘”\]']ﬂﬂ'ﬁ

BuUALNIARIANNIS (2.12)

E,(eV)=ufs —FidrEg X 10185758 2.12)

r (nm)

lufiilémisves £, Wuaidnmsaulaad (ev) mselduszquosdinaseu () ms
wanwnile dwiuseey r fntheduuluwns (nm) Sefoaudsud k = 9 x 10°Nm?/ ¢
Ju 9 x 10" uendaudng E, fidnnsouiilaasseuiimduafuainiulivilimdanudng
valorauilu E, udInduves E e E, azSeniileiduaniuils (Screening Function;

O e = E,/E, vioduninmilidu

E, = ¢E, (2.13)



2}

i
s

PINMSAUIULAZNITNAaBIRANES A sEnITse s mou T uT U uLIANU AR T

@

o oad
ansuilininanluilegtude

¢ = 0.18175e731998% 4 0.50986¢ ~0-24229% 4
0.28022¢7%4929% 4 0.028171¢~0-20162% (2.19)

e x 1usmilanveu (Reduced Radius) Aodnsidiuvesszes r Aasmilanduils

(Screening radius; a) Huf®

(2.15)

5| %

_ 0.0468 il

T 70.23, #0.23 :
7923 +70

MagmdunIImsiAGeunvadlosauuIn MIBuInLsgasiinanfusEritlesou

UINNUIAaYaYeIesmaNYaR T NENNTS (2.17)

F = —%’iz —(¢———+E+@) (2.17)

dmiuaumin yudsauureslessuuinuasanuiivesernautasadouls
¥ngiefassveaiafy F=m(dv/dt

un1smA b Fuduszesioznemdnlndfuinnilan frouwuuBanguinsasldng
nmseusndluuduuazndnu lasfndrlossuviniiuia M, Whsudieanusa v,

a

T vo o
pvpouvautnfiagiladiing M, axldnail

ngn1seusnEluugy Myv; = Myv+ M,, (2.18)
v o v kZiZ,e* 1
nNMIBYSNENEIY —1—52— = = (Myv? + M;v?) (2.19)
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INFUNTT (2.5.7) way (2.5.8) 157la

kZ,Z.e” 1 { MM
kzyzye” _ 1 (#) 2 .70
b 2 \M;+M,
YD
M, +M
b = 2]{212262 (1_2') (2.21)
MyE;

dle £y = (Myv, )72 Hundanusativeslessuvinuuzsussneuiiinveathans
wdeu sglsfinuilessuuinazgadsndarulunssuiuesneufinaiuasazilsiadly
Whlelusoznils erai3unldinssesiansdn (Penetration Depth) vedlonau ialingui]
LSS (Lindhard, Schaff and Schiott) %"aﬂfh';'i'zé’m's'mﬁajayLﬁawé’mu'LUmmzazmq
(dE/dx) wlstunsatuaMududuresasnauvanti (n Sivdaeifiu atoms/nm’) uazinds

ngAds (Stopping Power) Yad0znautl (Tl

dE
=X n(S, +5.) (2.22)

lne dE/dx finudaeidu ev/nm & S, Wuihdmgndsliandes (Nuclear Stopping
Power) uag Se \Wuiidmendedidnnseilnd (Electronic Stopping Power) dniaeily
2 a1 | ' | a w
eV/nm’/atom lpgusniidn S, unnan S, egunnlaeiawivegrsBadieleasuuinindsaiuge
JaliAna s, 19 insreBndnaveussgaoutseniniuedvavaslasuviniuiiaisaves
azmauttIzuInnIsEniedildnaseuiudidnaseuusuiinndvariaand
o 1 v A v 1 s v
Tumsinume s, isdemsugsdssuuaaine (8) waznsiuAmdanuaaiing
o o § o a ¢ to & W o i
vaslepuiiduiaidurasmisfimesmswu (p) Tnglisndudoamsudumisvaslesauuin
di -:J = 1 ¥ o/ o a
nnqgaUUMIsAdouvaleasuuInmszisAnimsuidulunungniseysndlumudy
o  § s =l 1 o =l as [ ) =
waznnnTeYINENAY Lavdnismelaundauveseynmaivuiududsum T(0) nie
T(Ey,p) edalsfimuluiosuan (Biersack) wauslulla.a.1987 Anuduussening O fu p
Lituiu £, wagwudamnsaman s, laennisdufiinge T(0) wse T(E,p) nnA1ves p 34

oo &
LUYURNIU

5.(E;) = fopm“xT(El,p)andp (2.23)
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24
i

nihin S, uwag £, wdaliiluidmeadedilnife S(€) wavnduannau

(Reduced Energy; €) Amumgui LSS diflenwii € = a/b tufie

aM,E, . 0.0325M,E4 (eV)
kZ1Z,e2(My+My)  Z1Z,(2923+2923) (M +M,)

e= 2= (2.24)
= 2= _

dl =l 1] 1 lﬂ; o =1 1
weniauluaunis (2.24) fimheluszuu SI udmeufd(nengavine)iivisves £,
Wudannseuliad (ev) oy a Wusasanvouniuaunis (2.16) uay b 1uszesiilessuidi

’Lné’ﬁ’al,ﬁﬁala*uaaazmauL{Iﬂﬁu’mﬂ?jﬂmmumi (2.21) warlniideusadl

&

Sn(E) = msn(ﬁ‘l) ety

e Ty, Wundamaaivesevmeuthvdnissunwinsawuubanguivleosuuald
nNpuUsNENAIUTINIIAUINAATEAUANATT (2.18) WAz (2.19) uadpsAnilesauuay
pvmoatdanusmassulaiviniu szl

7o AMM,
m (M, +M,)
X 2

= YmE1 (2.26)

1 1 dd i L2 2

AINAUNTS (2.25) EARUIIANERNANTENUAD S.(E,) Aamadnvnalunisyu TTa

waz T, snadnslunissulianasausindau £, anuin S,(E1) wlsauen T, ¥l
1 d - = d’! o |

SA(€) wlsmu € unlle € > 1 wansznulNRINdEnasauiiawIndu vinlilesouuanides

wunsiAfeuitegas drlessuvinazaigloundnulviunateqesney lunsdil S.(€)

wuUsunHuny €

2.5.3 Anganvasalamass (Sputtering yield: S) [23]
1 =l 3 = U A = =) 1
Adadvasatnineds fe AladeuSuiunisugaeanvetesneutiarsindause

=i 1 i

USunaunissuredlessu 1 aynia @wihodu dwnseunslessu) miasuusivasuluaiu
anmeanglunszviunsatlmnesa fadl
(1) AdaduusivdsulunwAmdsiureslessu fe lesaudosdindwuuinnin
WAUMSILYaR (Threshold energies WasuAuiinsUanlaeyeznauveansindeoulu
d‘ﬂl 1 i d‘ o = = d! o lﬂl 1
annziiinsvuednsaiiiasedlessurivinthasiaieu) Falidnuasuudaslumugnisvu
aumA Wevhmsiiumdanuvedlessuiibadesifintuiuy endluudvaludiausny uaz

dwasududadu anntiuasdudnilondiuvesloosuun Lﬁaqmﬂlaaauwé’aamqqﬁ
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=

TonaiesnuuiadhansiedeugeturinlirBaduesansiadeviidiasil 9ndussiidnanas
ndesilatiumdsnuvedlesouligaunniu

(2) Adaduusidsulunin ssurundnvasiathaisiadeu wu dimBangaile
loseuruirlussuuiifierneunuindy drussuiviliianumuiuiuezneudi lessui
wnlduisiluthansadou

(3) Fuegfumaveslosauiiladrwuiiiasiadev fe N MIWIBYMA 2
aqmﬂﬁﬁmawhﬁ’u%mmsnfhamwé’wuuaﬂuLuuﬁ’u”[,ﬁ'ﬁqmwiaxmanumﬂﬁmﬁmﬁauﬁﬂ

imzivezaeudnaAs Jeviiialiouiinialsydvinaganinnassneuied

2.5.4 YuIUNMINYAAY139 (Gas discharge process) [23]

uWNSAgRawIsa Ae nsvidldfsuanduduleseulasldaunylnii fduney
auaURaE

(1) Guliussdurdosgwuinsvualnaluisasdesinn Sudunszua Wownannis
\nAeuiivesdiinnseunarlosouresing MAntunasarialuussene FuAnINNSTLTES
Jydnoaiia (é’mswnmﬁmsxﬁuﬁ%ﬂ’nuL’ﬁmaﬁqﬁ)

(2) aiuusssuduauidudlndussiuimans (breakdown voltage) WEHITUVBY
Useq fignisamelsiauailii sfiegaiuauannsasluanavesfralfinnisuandady

q u

losauvinuazlossuau Faleopunaninvzgnisanisliauulwiliiauluanavasfine
aaludndaianislessludifiuiu gelagouuinizgnisudrvuninasulinnisuanUdes
a o o el -4
DLANATIUAINUNEDY (secoundary electron)

(3) LWNULSIAUIUDIAWTIAUNINAIY ALAAVUIUNTS avalanche Tufio lovauuinia

v 5 o vV a 1 a g o s cJ =] YV a

WhlUrutianine vililianisuandasedidnaseuaiduiiass (VRIESLAADY) LANDLANATOU
ﬁgnaumiw“ﬂWL'i'a‘lmU‘uuTaJLaqa‘uaqﬁ'l‘d ianasteesludiiudu auvinluillosauuinne
o ) a a d [V o = = i = | s a & oy v B =
dvsundndianasauladudiunean (adssuusnwanmiansa Iedmesealdsaaia
wrasilindadananeuen) vuaunstndizendn nwusRanse (Townsend discharge)
PNulansTIaRaysIziANRNIUGes Ul quiltuinnisiSeatu userulniing
Aseudaiiinanas nssuaiugIueEnesInida Sentailinnisiosuassnd (normal glow)
mbanazen lutisuauveinsisesamsalnainisvuredlassuvualnaszusuiie sl
WAaTUluuUsIN WSS ewadadaumwuluNle waznisvuveslessuuuaingl
finwaiane lnefnvgdanuiduresuiiaunmaiouaimuwuivounioyuvesnina il
aumilihgs tiesnwnanimnisinad (self-sustaining) u1euiian Wonszualnihiiaiudu
WIN15YUleeUILARY UEIEMIRURUAIUATOUAGUARDARIATINA FUNTETITAY

nulunszLaYI URaonlaedauseulnisEnItBdnTnseaef (B1en1siSenasuniif
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Ausadulihlidsundasd shnvssgndldnilunsaiavasanuauusaiuliiinaed
voltage regulator tube)

(@) wimniimswuvaslessunseunquiuiiminauds mafiufdsividigdsyuy
avhliiausetuuaznszualniiiuiaiy msSeuanydtuiiaung Sendaaiih msdes
uasfinunfdauasdrdu (Abnormal glow) Sadutheitienldlussuvatinnese dredidnlud
mssvutemudeuliiiumive Wemmiuiunssuavesniinaifutugaszinm 0.1 woud/
msguiwns Anudeuiiinannisvuveslossuuinuuieminaasfindumnaudin
uumanudesdidnaseuuuumesiiefln (Thermionic electron emission) L@suiunns
Uanudesdidnnseuyaiiaesuaryuiumsoynaud limmnitlwihwesfgluszuugaiu
2819590152 wsedilihseieddnlnsnanasn luvasfinssualwiistugauasudaas

Usen1d1v8In19814A (arc discharge)

2.5.5 ¥AYBUATD Sputtering [24]

2.5.5.1. DC Sputtering
NsiduNaNUMEIsATatMwase aannd 9 1Wunszurunisiedasuildy 1aeld

Innszuanse Feiindnn1svingauaei

MPUIIIYNIY
uslun uNuIRY
’/"'/ -
ey e — e Ll Ll
C \Ig# — ffuwinnda
unaeenln
U
] Fueama
o I an ualna
nourd mivnasidy

Il

AMWA 2.15 dwdsznauiddgyueanias DC Sputtering

Weguenimesnatniaiesalameiuaivdesfisdesigufigersneud1luly
muuglagldrmnudurasinem Weldanudisdndlniiszninediualnanazuoluansnind
2.16 () ludniidndlwien sidnaseuniegsenintilwihindaugeliiisimeiazloss

lugeznauvatnls Turnidaduusimila d3n i 2.16 (1)
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unvgrnualne woufaualng ﬁﬂqmuﬁ uoufiaustun

unlnn '\' : i_ uolua
p =} (N

)
nsduuLIN

uaudauandy LOUETHEY

L —
' 1)
%

0

L A g e (%)

reudliy
} 1
Fa
\
:
i
5
r

2f 2.16  (n) Mmaiiauauiinwaziauaing @) dndluda (@) aurulva (1) AruruLdy

Uszq waz () nszualni anelussuvatnmeis

Lﬁa5LﬁnmauﬁQm's'ameflﬁaumlw%ﬁwé’qmquuf’fuasmau’uaaﬁwtﬁaEJ a8
loundaulviivesneuvesinuaey A vilufgdesunniieandulessuuin AY uay

Slannseu e MaEuns (2.27)
e +A - 2e” + AT (2.27)

Sdnmsau 2 MilindusrgnisamelFaunuliilusuelun wavsuivezasuves
fados 2 ¢ Judumsiudnovlessunasdidnaseu luvusndsiilossuuanazgniss
\irmuduelvn \finn1sUanUsesdidnnsauyaiiaas (secondary electron) nszunun1sdi
Sonimmlleusaansa (townsend discharge) Falin1ssuiusenindidnnsouueynon
fadesethwraiiles sunseiiiuiinalesounasdidnnsounnneiiazsnmanimaunaves
mshanialdlaghifeserdoundsininanmeuen didnnsouiintussgnisadiguelun
atwsInd? wilesauuaniiintussgnisaingualnadsnuidiidninadnaseuann v
Wivsnailndduainaiilosauuineseiin

windianaseugausnvuiuesmonveseides idnnseuyailavgadenday

Yy v
o &

1 Fawdsnubivivawenvglessludiudeslumsvunsioly Anluiiodidnasouyaiivu
Mulanavesieides awililuanavesiwdevegluaaiusnseiu (excited state ) 1o
luanavesfiwidesnnanuznsssunduganiuziu ( ground state ) azlinsuanUdesnau

1 (=3 i a ° L n’j = =] :‘{ = o ! = L3
LLl.IL‘VlaﬂlWﬁ']ﬂE]ﬂ?J’ﬂU‘U'Nﬂ??iJﬂ%ENLLﬁ\'i V]']IWU‘SL']NHHLﬂﬂﬂ'ﬁLiﬂ\‘ILLﬁ\i‘UU 950071 ATBLNAT
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faw1$a (DC glow discharge ) nssaudivatlossuuinvesieidosiudidnnsouay
UanUdesnduuimdniniheenuilutanuisansililown (ultravioletVilAnduusim
iig

1A 2,16 Brusnifiunouiiaueadu ( Aston dark space ) WuuSwd
dnmseuiindaniuin Felianunsalessludluanavesingld uazlossuuaniindsnugs 3
wdeuluiiinssiuiudidnasou daunduuauainauaing ( cathode glow ) Wuusimil
Aanissaudaiuredlessufdesiudidnnseu inniluermeufidesuddosuaannin
daunduuauiinualng ( Crookes or cathode dark space ) {uuSnfisidnaseuiindsay
ﬁfwuﬁﬁ'uﬁwé’muqawa'ﬁﬂxlaaalu%ﬁwﬁaﬂlﬁ JuinBunauiia daundunauiSesuasau

( negative glow ) 1R INduRsATEITENIBIANATOUYAT 2 NHwaswinuezneuiwdos

i 2
L4 = i =

viliesmenfinwidesegluanusgnnszdu uaziflenduganuziuaUdosuatoonun o
Wuuavilavsuad ( Faraday dark space ) %'a'U%LamﬁﬁﬁLﬁnmsauﬁﬁwﬁaqwuﬁwasauagjmn
lniimssesuaadnias daunduroauilisawaiuin ( positive glowcolumn ) 1Wuusion
fAnaunlwingouq uiifivswofinsnsedudidnmsouliindsnuinanelunslesslud
orxnoufiwdosuazuandudulessy Fundrannignataun daundunauiiauelunuas
dauolun lunsaiinmess innaususesiuluuInaSawatauisliusinguaviiavisung
waTABANULIDILAIUIN

dleladnglninssuanse v sswinaueluaiuualne dndliesudsiunusyozna

x FIN T 2.16 () wazlganuliii € Tne

dv
e o (2.28)
dx

avlannumuuiulesauuin ni lagmnumuiiuBidnaseu ne Mnmil 2.16 (1)
wagldmnumunuiunseudlni danwi 2.16 (2)

nsruumsatlameSeiinld "ﬁuat‘}ﬁmé’umaaaixmﬁa ( mean free path ) Y8373
yusynhedidnaseutufuidos Sesosmunuliogluuinmuseviaualnaduouiianisiad
Fumadassiadstutuanuiufeneslunmaue dornuiufinvgs dunsdassaisaranas
pymauvaIEsAdaVITIAfoUVLIINTessUlsEN WesnniAanissuduluianavesfinvuas
avvioundu wavilemudufeiidianas dunsdassadodaunniu dudumedassiaded
Anndisvezreseniaualnauazuelun nmsleseludluanavesfinsasliiinty was
nssvumsatamesasrgaas mudumgaidululdmelunsusiviliAansataness
Juagiuszaseszuinualvaiuuelun udmudugeaaivesdiua muesdngliia fad

U U

~ Y o a0 q v a PR
iigapuauA M liAanisindeunafan
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2.5.5.2 Magnetron Sputtering

uuntinsounilamoda
r————e R Wy Y
unuBaunusinindey | unus1iniioy

I Y
uniménons

L unufususuindn

>
mdnidonlpaauuse

wethasneanuisy
AT 2,17 wunwnglulAIes Magnetron Sputtering

wuninseuatnmasaduituislunisiiusnsinistedouilay lnenasldaunuuiivgn
Tinusyuvatlamese danmwi 2.17 WeliuuSunudidnasauusinaiualnauuninsouaila
wesaltlaaszuulnihnssuanswaylwihnszuaadu dulussuulihnszuanse Senin 7
wuniinseuatamese dduszuulwinssuaadu Senin endlevuuninsaualaness
1 [ ¥ a | (7 (] @ aa at
aunuwaimanfltluszuununiinseuatamasadl 2 wuu Sraununivaniiavuiuiy
aulwi Send1 auunuen ( longitudinal field ) FeivssansnmlunisiinuSuna

looauligs usanunsardouiiduliaiaue waslivinliuinisielnaddauiadsundas

= =i

U dauuudwdnifdaiainiuaunylaii Sond1 auiuniueang (transversefield) @il
Uszdnsnmlunsinuysualesaudniiauuniue wazduisnieuldlunisiedouidy

d' d' a o [ =4 a ./

n1sAaauNveIdldnaseuneluauiuwlinan B wazau v € auisessulele

MILLSIADLSUNS (Lorentz force) fadl

dv
F = = —g(e+v X B) (2.29)
0y g, m waz v 1Wulsey, 198 uasAus) vedidnaseu amuady
ﬂ: ] [3 =l a s Y a -ai 1
dioawwilviih € wazauruusndn 8 fifavuiuiu uazddidnaseuiignuaesasn
PNuANAAUSE v Tufiawunudu B 98ld v x B = 0 Sundousensevsudianasauduy
= I a as v - o v - o v
F = g€ Fussdianaseuludanelun danwi 2.18 (n) vinlwsidnasewadouidmitaunelua

AEnasuIaUNLTY Weawmlidl € = 0 uagdidnnseufignudevesnainualng



29

o o o s ' o o v o o 1 _a =
wndeuiviugu B fuauuudvgn B fanmi 2.18 (v) azlduseiinszvidedidnnsaudu §a

=l a ﬂ'j' as 1 o Ve | A E 2
w59 dnAansanfuaunwlivan B vinludidnaseutrdountiduleliandsn (helix) 59UWWH

P

- v =l o Al
AUTHLULEN %Qlﬂiﬂu?]aQ?QIﬂﬁLﬂaﬂ? AU

muvsiné
r = — (2.30)
qB

dladlanaseuiignuasuaanainualnaiianumsa v iy B duauimusdivn 8

o o =

vuuivau i € aglAdunianisiadaun asn1nd 2.18 (A) JeildraindsinieTuniu

dl' a a 1 = 2/ as = dl' 4 [ n’;
Va1 Wesandidnaseugnuuasluaurulviiluianssiruduiianisindouil detu
aunuwimandiglisidnasewndouniegluauuuiuiu Jailenavuermoninvidosiieln
NAN1SAaYISe warlelesauuinuindu

unlna uolup

(n)

< o b W a < 1
A 2,18 idunnsieieunveBianasaudioatluaulni € uazauiuusivin B (),

(A EYumiuB @ E=0Owar (W E LB

o ' aa O ) a = '
\Woauuwaivan B dimasnduauuliiy € SldnaseunignUdesssnainualnasy
o @ | w v P! 9 & o ¢ i w <
Liwdauludauelun udgniuliiadeunlndualnaduwuilfsleaases (cycloid) i
v ow g w | = a ¢ a & 0 § v
2.18 () lawsipadnlvinisindeunvasdidnaseaulugUlemasssagluuinauauiinualng vl
dudnaseuldiannuivlumsindeuiineldauuwiman Jeillonrafididnnseuszauiy

& { .3 a o a P Y L Ve
prmouTduNINTU UaramIsaNAndidnnsoutaaetoanuIuInTuddnlibLannsou

wasuluwulAegiusnauavaiaudsiianulninies agldiduninisindeuidugy
-=!! @ di va o Q @ = =1 s o «dln [
Wnay Fduirasulnsanaseunavluduauiinvsensaluduelun vinlwlaniandidnnsou

YLPUNVBLADUNYLRBUUBYNIINITIALUULSA
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2.5.5.3 RF Sputtering

#uvaslrnsunady
— —ON
1 QU
- uslua
S = .
Tnasfemss uNu3Befy
t y unuaEsIAiBY
—
N1 N

A7 2.19 ununwneluAIos RF-Sputtering

nswndeuildanuimeitersienatnmesalunsruiunisindavildulnediglui
nsvuaaduaugeliiutauatnauastauelun fawil 2.19 Taealuaiililuisiey
Tutina 13.56- 40.80 MHz Baduanuiilisasnislessludas nsiadeuitduluteniasou
usn@adidndluihiiduvan suAanmsindeuiiduuuurusesiu urludraisounddadl
dndlninfiduay wiuiduiindauusdusrgnatimmeivaneen udtosninisndeulunis
seuusniiidiuuan Fafansyuunsiafeuuasuqeeanaduiu ioanuiunAsanyaou
(contamination) Y@3ldNIARBUULLUIDISY LazuUSinaBdnaseuliiusyuu vhlian

2
= s

woudinuinautiualvalasielua Msiseudaialursdugadulian
a o 4 I a 7 o o at
dlannsauatnualnaildifinnissunvesneun 1oiesluauiulwinssuaadu
. =l o P LA a \ g = - Pei
(€ = EsinlIt) Aziin1siAGauNuUUansualin (harmonic motion) Fallduni1sn1sIARDUN
fatl

d?x )
me— = —qeosinwt (231)

oy x,mouaz q Wun1snsyanuna wazdsy vesdidnaseu nwddu
t, & uar W Wunanueundgauasanudidumvesauininszuaady

Faaglan1snsEdnunign veamsindiounvedidnaseudail

&g
mewW

Xg = (2.32)
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WaYNAIUIINER Eo 10U

2 2

1 q<p (qeo)
E, = =(w?*m (—-) = 207 233
0 2( e) Mew? 2mew? 233

fndeau Wldlessludesmanenineuiniy 15.70 ev uasanuiinduingildlued
iovladmnadadiu 13.56 MHz 921 W = 2TT (13.56 x106 Hz) ileunuluaunis (2.33) o

161 €, = 11.5 V/em Baduanuduauyiwdildlunisvinlmaawaiaun

2.6 Field Emission Scanning Electron Microscope (FE-SEM)

winMsYinuTeIndeIanssAUBIanmseuLuuAsunsIaRasanlda nAmi 2.20

'
=1

Feanunsosduiensvhnuesndoanssmididnaseunuuideunsialddiuadeiniinves
Sldnmseu (Electron gun) %;deJu‘fl’j'lLLﬂIwmﬁan 3 gUAABYINALAY, Lanthanum Hexaboride
(LaBy), ua Field emission imvihiinandLannsauain Filament wassanaudidnmsouds
aunalliilutag 1 - 40 kv wazngudidnasouiitintuszgniiulhduddidnaseulas
Condenser lens uazuSulniialng Objective lens uastndiaensliadidnasouninaluin
Ravawhathefiasamunulilaly Scanning coils Faaznmmuuszuiu xy vilhiin
Fyanafunudniiin (Detector) axi’mé’fgcquﬁt,ﬁm%uuasgﬂLLUaaLﬂu%’angaﬁﬁaqmﬂmu
ynszuumsBiannselng eddidnmsouiisaninainundsiiiindidnaseulndaa swuiia
vosheguanhliiindunsidofusewindidnnsouigndaunuasoyaouesiagieduns
AsensewindiannseutignBeauniuagnanvasiiageannsauisld 2 wuuaudnuaznis
yuAewuuBangu (Elastic) uazuuulidangu (inelastic) Teiaaesdnumzaylidya ooy

U luLanffany



..

SCAN GENERATOR

O

MAGNIFICATION

DISPLAY CRT y

(e AMPLIFIER
SYSTEM

i 2.20 1ASIETIMANNGBRaNISALBIENATaUILUUIABUNTIA

(1) mswuwuuangy (Elastic scattering)

=

Wiengudlanaseuainunasiniladianaseudududidnaseudgugi (Primary
electron) AnNs¥VUAIUUIIBE I IMBIaNATRUY TN TN Swiieeeninwasiinsgadonwd sy
vndwdssinnliiueznenvesinagedidnaseuninsvi3eeanuisniend Backscatter

electron Faanunsatidygasiinarnaiiaduduagiuninuuae CRT 1n

(2) m‘s*uuuuuhjﬁﬂmju (Inelastic scattering)

nquvasdidnmseulguniiflovuivesnouveaiegudaaziinnistemndanuaa
wazindunshseniuivezaenvesfegreitliAndyauadaiudygiui Detector
annsadnlalaundidnaseunfend (Secondary electrons), Auger electrons,
Characteristics X-ray, Continuous X-ray Wag Fluorescence X-ray \Jueiu aaﬁﬂmaunaa
1fi (Secondary electron) ifinndidnmseulgugfisnommasnuliitudidnnsouiiogludu
1A93 (Shell) Anaquatarnonfatsindauilinnnimwdudanievedidnnseulu
‘?Jy'uiﬂ%‘sﬁuﬁumﬁUamaaazmauﬁiaﬂwﬂsﬁﬂﬁ%Lé‘nmau'lu‘ﬂzu‘[m]wegﬂaaﬂmmL%ﬂﬂ

Slanaseunvaneanu hdidnaseuniegifeannsmhlulddnudnuasianthvesiiedg

1



UNA 3

aal o o=y a o/
A5NTINTUUIIUAY

Tusnwideillewdanisaniunuideesndu 3 diundng Tavdruusnaznaninis
o o & 4 | et
@319 ATO Template fiagldlunisa3neth SERS dauiiaasaznaniiamsugneymanesauy

ATO Template 1ag75n15 Hydrothermal daugnvinedenisnageulsyansnimnisvens

deuyauveets SERS kg waznisvaaeuANNausalumsiinguaildlnl

danflauinindian
. vinnas
ko Anodize
Stadatnasse
wins
1alasimasuan
Tushsavaranag
NAsauNS NANUSNLA
——— A-’. .
IR V2T TN Self-Cleaning

l:?l o =
AN 3.1 BRUNTNNTALTIUNNS AT

3.1 N1356519 ATO Template

Tunisadne ATO Template tuazUsznevlusmenisauduiudesdiugos Ao

3.1.1 msadeiauurlnmition
lunrsafrelduurdlminitlontu a21438n15 Sputtering  lagszuuiilddeszuu

DC-Magnetron Sputtering figudinalulagdiinnsodnduasaeuiimasunanid (NECTEC)
Tneiiunusesfuluniuddneu (5) TnsitmursAonisadeilduurdmitoufiaainu

wnzausan1silunnssuiunsaslulawduls
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3.1.1.1 gunsaiinld
(1) 1A¥a3 DC-Magnetron Sputtering

A7 3.2 52UU DC-Magnetron Sputtering igudwaluladdidnnsefinduarneufinmes
W@ (NECTEC)

o 4' . =l @ uy
sruuvigaInAlinaTes DC-Magnetron Sputtering fluaunndadl

Chamber

Backing
Valve

nWi 3.3 syuugneInTA DC-Magnetron Sputtering Aigudinalulagdidnnseiinduas
ABNNAADTUIIR (NECTEC)



b

(2) 11 (Target) Inmifloau3ans 99.999%

Al 3.4 1h (Target) Imifisnu3ans 99.999%

(3) wHuBanoau
(4) 1703y

(5) Wapsegiiloudwivldluszuuamyinig

3.1.1.2 Fimsvgnitdulaeayiden

(1) wIsuszuulinion

(1.1) yhanuagemnelu Chamber

msvhauazerlui vinefianseieuyuds Chamber fenaseiiiatosiunis
\Anfldufina Chamber, n1549 Shield wae Shutter LiellMiAnTuRdUazaRI N1V
Sputtering ‘Vlaw“]ﬂ‘%j&

(1.2) ww3w Target Wag Shutter

YinmsUsznau Target, Shield wag Shutter WWiusyuy Sputtering Tieudes 574
lugsnmaaeunsyiiaiuees Shutter Mannsallalnldlifndnozls

(1.3) W38 Substrate

ihuku@aneuitezldidu Substrate 1ANuAEEIAFIEN1SEAGAY IPA kavying

wWrlsiwsis a1ntufUsEnauskudanaudniu Substrate Holder 14 Chamber
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MWA 3.5 NSAAWNUTANDUAIUY Substrate Holder

(1.4) vihmsgaiaunaniely Chamber

o 1 ‘31 o 5 ¥

vinsgaiauiunigly Chamber Lieifunisyivauayenn Chamber AINEANIY
waztieannIsiurasszuy Pump anvisdatiunisdasiulaliseuu Pump Binnasvireud

HAWAA

(2) YhnsainssuugInIe

(2.1) Umelr Chamber

wasanwIengunTainielu Chamber 3aufesuda fivinnsdada Chamber ile
wsetgnisasesruugnnTA

(2.2) \3ufiu Rotary Pump

¥n51a Lave Valve tilaideusioty Rotary 19fusa Chamber a0tz
4 Rotary flungsinisanmmusuniolu Chamber 91nAILsLUSssInAlTanaLnae

Us¥a1ed 5x10-3 mbar

Al 3.6 Rotary Pump ldlussuu 91nu3sv PFEIFFER Vacuum



a7

(2.3) 13y Turbo Pump

dlopusuily Chamber widaUszana 5x10-3 mbar W& Alivinsda Lave Valve
uduTa Backing Valve ifieifiewsia Rotary Pump iy Turbo Pump Seazifiunisanaiy
sunelud Turbo Pump lifanassduniiadow sntudessnalwliu Turbo Pump Tagsa

1 VA
AL 150UlAN 833 Hz

awd 3.7 Turbo Pump fldlussuu 91nu3eM PREIFFER Vacuum

(2.4) 15u83195%UU High-Vacuum
e Turbo Pump #AMuL5330UMAY 833 Hz ud? Wivin9ia Hish Vacuum
Valve geagvinmsidenssuuduvionindiiu Chamber lasdupeuil Turbo Pump 98¥1013

AnANAUNNEIY Chamber 917 3x10-3 mbar Tanasluaudausyunm 5x10-6 mbar

(3) Ww3sun1sHouEa Sputtering

(3.1) %1115 Flow Gas 4

dlaananluns Sputtering uiazads aziiuda Ar vasvasagluaneiiuialaue oR
$ududosiinis Flow fslufmensdassuuldesuia Ar \1d Chamber shednsinisiva
60 sccm (Standard Cubic Centimeters per Minute) Wutianussanm 5 uil Tneniiaisy
Usssufawdanusuly Chamber asifisduduuseana 3.5x10-3mbar

(3.2) ¥hmsearAIas Power Supply

vhms@aaindlnia3os Power Supply 91ntiuinssedlnedaanizen Power 1571
100 Watt Tnewp3es Power Supply ‘jﬁ)a‘:'ﬁiaﬂﬂﬁUﬂuﬂ’lﬁ"]H Voltage way Current 11e"
Power gavineldu 100 Watt muiisiaans Tnsunilwanuzasfindisumis off damanoi

falavinmsdngldngszuu Sputtering
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pinnacle L

AWl 3.8 Power Supply Aldlussuu 9nusen The Advanced Energy :j‘u Pinnacle

Plus+

(3.3) 9wlwWle Substrate Holder
Wn1see Power Supply Bndadniuda Substrate Holder ﬁagjwum Chamber uay
PeAnueafng 3V I dunnnismiuees Substrate Holder latinudasueasniely Chamber
(3.4) ¥1n13 Pre-Sputtering
M3 Pre-Sputtering Aen1svinanuasentusanlasiivsinniiives Target 1iloea1n
Target nmiilentfulitansifia Oxide 110 (haneidu Ti02) Sesndugeidatusanledi
senluiiielifozneuiiavansluinivuu Substrate flusezneamadlnmieniying

s

A% Pre-Sputtering ¥ lAlABIENAINATSHIFIUNLL Shutter Taglusumuads
Target ffu Substrate fowiatlosiulilfosnonvas Tio2 assluinizuy Substrate 90ty
nads31elnd Power Supply lilwaauzduidiumis on Taewiedudelvudaziin
UsIngnisal Arc-Discharge Fuu3ianmiih Target Fedanalssrudoaos Fan1svin Pre-

Sputtering HagldarUszuneu 2 w

(4) 31013 Sputtering

(4.1) Un Shutter

ilovinis Pre-Sputtering AU 2 U1#Lda fvinisda Shutter ludunauiioznou
yaslmmilenasSuluinieuy Substrate

(4.2) vhn1sUufiner Voltage ez Current wadinias Power Supply

\losnanimues Target ozdsuludes qmunanitlalunis Sputtering 34fina
vl Voltage wag Current oa1A384 Power Supply Aosqiuasuly 3esiiudesane
wahillinaenlefnnunas Tosiunsidenelunsdifiiaies Power Supply fn15v19107

a a

NAUNG
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SEWINATHUINNT Sputtering Liaansagiia1ldluns Sputtering anualgiann
< = & v & oA vy
\A584 Power Supply Farfiilunawimuanuwasuinelnain Power Supply LUgszuy

Sputtering (lutunaun1svh Pre-Sputtering)

(5) gAN"T Sputtering

(5.1 wqmé’am‘i Power Supply

o115 Sputtering ATU 1 ¥9lueudn (LanfiAdes Power Supply foudu
1.02.00, 594981 Pre-Sputtering 111lUA78 2 ) Alvinalian1s31elni Power Supply
Tnglwaniugazdeuluil off unu

(5.2) %115 Cool Down 38UV

Wumsudesszuuliiaslastuneuiaghifinissrelilifussuu s Flow
Gas Ar lUi3equitelsl Substrate Surssiiuias Wunisteatufamduanns Crack du
\{l893197n Thermal Shock Tasasudesiislissua 1 Falus

(5.3) Uaseuu Pump

395U High Vacuum Valve flou nsulddanisvieiuaes Turbo Pump
Tnuifledslnudramuiiseuiiverosnanas Iisouiimuigiseumdaystana 100 Hz fou

Jereevimsvdese1niatng Chamber

(6) 11 Substrate 88n31N Chamber
(6.1) ¥hmsudegeiniming Chamber
vimslia Vent Valve aghaiqiitelailiornidluaiing chamber liawAuly funeu

fivrsnaneeiladssoinaitusioni valve afiae Weidssresqanasiseyrinisiia Valve
il

(6.2) WUa Chamber wagin Substrate 89NN

dleszuutumgauds mudunsluvifueuiuussomends @ungldaninns
TANuAY) F9ApelUnHY Chamber 990 WAEYIIN15ABA Substrate Holder 8oNININUYIY
Wiy 9NuTenon Substrate BNIN Substrate Holder Sn#t ilusuasadunszuIuns

Sputtering
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d o
(7) aguieululunisvi Sputtering
Tudunaunsugnitdudes Sputtering tuaziuteaniuaninds Tnsasausnazyin

d ﬂl’ 4 1 d </ - ap c’.: s ¥ o d
ﬂ?iﬂﬂaEJ\W]NB'UI‘UWﬁ\iﬂﬂULWBﬁWDﬁiWﬂW?LﬂﬂWaN INUUILUIAITATILUIAILIUIAN

srpsldlumsugnildulvlienumunuisainsdnass

Power 100 06
Pre Sputtering Time 2 Ui
Sputtering Time 30 U
Base Pressure 5x10°° mbar
Working Pressure 3x10” mbar
Ar Flow Rate 60 sccm
Cooldown Time 60 U

M1119 3.1 Reululunmsugnilduiieidnsinsiinfles

Power 100 04
Pre Sputtering Time 2 Ul
Sputtering Time 60 Ui
Base Pressure 5x10° mbar
Working Pressure 3x10” mbar
Ar Flow Rate 60 sccm
CooldoWn Time 60 U

o a a = o o
m13199 3.2 Reulvlunsugnildunasalulgay

3.1.2 n92UUNIS Anodization
WA INRANUasLLE NAEUuiIN1Ss Anodize Tuansazatedianlaslan

Ethylene Glycol (U3¥W) INaunag 0.3%wtNH.F (US8W) waz 29%VtDI Water 1ngLA3eq
Pglwnszuansanldiuszuuiivsynaviulasgudmaluladdidnnselinduasreufinnes
WA (NECTEC) Tnsmuneuaanszuiunisiae asrmesuilulnnidenidnuuslasasng

AqHIUNTUTUANUANANS wavia Tunseuiunis ddupeulnuazidundall
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ansiaiily
(1) Ethylene Glycol ( C2H602 ) aanuSem J.T. Baker

awit 3.9 @sazane Ethylene Glycol 31nu3Ew J.T.Baker

(2) Ammonium Fluoride ( NHqF ) 29058 Merck

mwﬁ' 3.10 Ammonium Fluoride (NH4F) 219aUSw9 Merck

(3) Deionized Water ( DI Water )
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a2

= o
\A3esiloild

(1) JnLnas aue 1,000 ml

A 3.11 Tinestun 1000 mi

(2) Slide Regulator YA 240V

Al 3.12 Slide Regulator
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(3) wilauvadl AC to DC

£~ - .i"* " ‘ # -
—:ﬁ'ﬂkk\ﬁ l <
AW 3.13 nifauuadlil AC to DC

(4) Multimeter Su UNI-T UT61E

AW 3.14 Multimeter $u UNIT UT61E

(5) Magnetic Stirrer W3ufiU Magnetic Bar
(6) anelw

(7) WHURZN?



a4

3.1.2.2 MSASENTUIU

o @ EJ I =y = 2/, o
(1) vimssia Substrate MU sUgnRaulmmdealidvuin 2.5x1 cm2 fanm

AW 3.15 anwazduanulneiley

2) vnsinaneliidniu Substrate Taen1sUaonateWeinaegeulsya0.25 cm
) a ) & o sl —edn e 2
warliinvegiilenlusibaanelwidniu Substrate woneaddmunilaiiiu 0.5x1 cm

MW 3.16 SNWULTUITUNSIAnana L

(3) ¥n1sm Epoxy aquuiaiiulzimdegiiilon Inelaquusyaim 0.5 cm

oy v ¥ oo aaa = 2 & v v v o
e lilvdoiunvinufiseiies 1x2 cm” anduseliuie (1dha1ussunn 20-30u17 )



a5

ci o ay ar = 1S
AN 3.17 aNBUSTUINUNAILARDUNIY Epoxy

3.1.2.3 mawseumsazaredaniaglay

TwenAdeidlfdonldsdalaslavifiddiuusznavie Ethylene Glycol + 0.3%wt
NHqF + 2%Vt DI Water (a13aga18U3uas 500ml 14 Ethylene Glycol USums 448.5 ml,
NHoF 1.665 g, DI Water 10 ml) waslsfidadulutiinesauin 1000 ml 91ntuld Magnetic

Bar asly uainiuansavanelvidniumig Magnetic Stirrer 3UNTINEN NH,F 9zazalenun

3.1.2.4 L3un19 Anodize
(1) WasuU Anodize
0 b O\ & . @ o ° 1Y g = |
NINSAARITEUU Anodize Aatanslunmig 3.18 Imevinnissetnuinveassasdnylu
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Abstract

In this study, forming of Anodic Titanium Oxide (ATO) that has a nanoporous
and nanotube morphology was studied for waste water treatment application.
Nanoporous anodic titanium oxide was obtained by anodization, using ethylene glycol
merging with ammonium fluoride at room temp as electrolyte. The variables of the
process were anodization time (5, 10, 15 and 20 min) and anodization voltages (20, 40
and 60 V). Field emission scanning electron microscopy revealed that separated
nanotubes became obvious when the voltage is high. The samples with different ATO
conditions were investigated by the degradation of methylene blue under UV light
irradiation. It was found that the activity of the photocatalytic of ATO was significantly
enhancement of the degradation of methylene blue. These results suggest that ATO/UV
photocatalysis as a method for treatment of diluted waste waters in textile industries.

© 2016 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of International Conference on Science
and Technology of the Emerging Materials.

Keywords: Anodic Titanium Oxide; Waste water treatment; Degradation, Methylene
blue

1. Introduction

In the recent years, the rising demand for clean water, purified from harmful
chemicals with health effects even at low concentrations [1]. Therefore, waste water
treatment is currently a field of research, with various application potential answering
the needs of society. Many methods were used to treat the waste water such as filtration
[2], photocatalysis [3,4]. Photocatalysis has attracted attention as a promising technique
for solving environmental problems especially in the degradation of organic pollutants
in water treatment [5]. Photocatalysis is a process that occurs when a semiconductor
absorbs a photon of energy greater than its band gap (the region between the electron-
fill valance band and the empty conduction band of a semiconductor), and an electron is
excited to the conduction band thereby creating a hole in the valence band. The
generation of the electrons could lead to oxidation and reduction reactions on thesurface
of the semiconductor. In both reactions, hydroxyl radicals are produced and these
radicals react with the molecules of the organic pollutants repeatedly to degrade and
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possibly mineralize them into less toxic and simpler substances such as N,, CO, and
H,0 [6].

Titanium dioxide (TiO;) is the most used photocatalyst due to low cost,
chemical and thermal stability, low toxicity and relative high catalytic activity,
especially of its crystalline anatase phase. Several papers report reactions mechanisms,
chemical kinetics and details on the photocatalytic efficiency of this oxide for removal
of pollutants [7].

The aim of this study was to obtain porous TiO, coatings by anodization
process, with the purpose of their application in photocatalytic processes for
degradation methylene blue as waste water. Anodizing voltage and time were used to
study the morphology of porous structure affecting with the performance in water
treatment.

2. Experiment
2.1 Preparing the Ti sample, Anodization

Prior to anodizing, Ti samples were prepared by cutting Ti plate to size 2.5 cm *
1.0 em. Electric wire was attached to the end of Ti sample. For the anodization system,
the electrolyte was based on an ethylene glycol solution containing NH,F (0.3 wt%) and
deionized water (2 % volume). The Ti substrate was used as the positive electrode and a
lead plate as the negative electrode. The electrolyte was stirred with magnetic stirrer at
all times during anodization process at room temperature. The first experiment was
studied for the impact of anodizing voltage on the surface of Ti sample. The anodizing
voltage was varied at 20 V, 40 V and 60 V respectively, while the anodizing time was
fixed at 5 min. The second experiment was studied for the impact of anodizing time on
the sufface of Ti sample. The anodizing time was varied at 5 m, 10 m, 15 m and 20 m
respectively, while the anodizing voltage was fixed at 40 V. Schematic diagrams of the
anodization system are shown in Fig. 1. The obtained ATO samples were characterized
on a field emission scanning electron microscope (FESEM, Hitachi S-4700) to
investigate the morphology of the Ti sample, the morphology of the nanoporous ATO .

Fig. 1. Schematic diagram of the anodization system.
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2.2 Degradation

Before the degradation, ATO was annealed in a furnace tube at a temperature
400 oC for 2 hours in nitrogen gas. Using methylene blue solution as waste water, The
methylene blue solution used was 5 mg/L. The methylene blue solution was poured into
erlenmeyer flask 50 ml. Ti sample was cut to size 1.0 cm * 1.0 ¢m and put it in to the
solution. Erlenmeyer flask was set on shaker that shaked solution about 150 rpm for 1
hour under UV light irradiation. The ATO samples with annealed and without annealed
were characterized on a X-ray powder diffractometer (XRD) to compare the crystal
structure. The optical absorption spectra of the degraded methylene blue were recorded
by using a UV-vis spectrophotometer.

3. Result and Discussion

Fig. 2 shows the XRD patterns of ATO 60 V, 5 min sample (representative of all
sample) that compares crystal structure of TiO, on the surface of ATO between before
annealing and after annealing. The main point of annealing ATO before using ATO to
degrade methylene blue is to change the crystal structure of TiO, from rutile to anatase,
because rutile phase cannot have the photocatalysis that cannot use to degrade the
methylene blue [3]. The patterns of TiO; before annealing show diffraction peaks that
can be indexed to the rutile phase of TiO; and the patterns of TiO, after annealing show
some diffraction peaks difference from before annealing consisting of (101), (200)
directions that mean some part of rutile phase change to be the anatase phase. The sharp
and intense peaks showed good crystallinity.

—— before annealing
k ——— after annealing
= i
£ |
e |
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Fig. 2. XRD patterns of TiO, on the surface of ATO

FESEM examination of Ti and ATO surface morphology is shown in Fig. 3. Fig.
3(a) shows surface of Ti without anodization. The nanoporous ATO with different
anodizing voltages while the anodizing time was fixed at 5 min were shown in Fig.
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3(b,c,d) that the 20 V, 5min condition is the roughest surface so it has the most surface
area in these anodizing voltages conditions. The 60 V, 5 min condition started to form
nanoporous structure that it is the second largest surface area next to the 20 V, 5 min
condition. According to FESEM examination of anodizing voltages conditions, The
UV-vis absorption spectrum of methylene blue which degraded by varied anodizing
voltage showing in Fig. 4(a) is found to be in the region of 663 nm at room temperature,
the higher of absorption peak indicates that less degrades from TiO; so the 20 V, 5 min
condition is the most effective for degradation due to the large surface area.

Fig. 3. FESEM images showing the surface morphology of the nanoporous ATO with
different anodizing voltages and time
(a) Ti without anodization; (b) ATO 20 V, 5 min; (¢) ATO 40 V, 5 min;
(d) ATO 60 V, 5 min; (e) ATO 40 V, 5 min; (f) ATO 40 V, 10 min;
(g) ATO 40 V, 15 min; (h) ATO 40 V, 20 min.

The nanoporous ATO with different anodizing times while the anodizing
voltage was fixed at 40 V were shown in Fig. 3(e.,fg,h). When the anodizing time is
increased, the nanoporous is forming gradually that means surface area for reaction
increases. At the 40 V,5 min and 40 V, 10 min, surface of ATO still has a wall structure
that is not split to form the nanoporous structure. The nanoporous is beginning to form
at 15 min onwards. From Fig. 3(e,f,g,h), the nanoporous structure of the 40 V, 20 min
condition is more complete than the 40 V, 15 min condition so surface for degradation
is the largest in 40 V, 20 min condition. The 15 min, 5 min, 10 min condition have less
surface area, respectively. The 10 min condition is less surface area than 5 min
condition because both 5 min and 10 min condition is not porosity but 5 min condition
is rougher and higher surface area than 10 min. The UV—vis absorption spectrum of
methylene blue which degraded by varied anodizing time is showing in Fig. 4(b) that
the optimal condition for degradation methylene blue is 40 V, 20 min which matches
the results from FESEM examination.
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Fig. 4. UV—vis spectra of methylene blue that degraded by varied condition of ATO (a)
varied anodizing voltage; (b) varied anodizing time.

4. Conclusion

TiO, which forms by anodizing Ti substrate have to anneal to change the crystal
structure of TiO, from rutile to anatase because rutile phase cannot use to degrade the
methylene blue. The effect of voltage on the anodization cannot estimate the tendency.
The effect of time on the anodization is when the anodizing time is increased, the
nanoporous is forming gradually that means surface area for reaction increases that can
improve property of degradation of ATO. The optimal condition for waste water
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treatment application is 40 V, 20 min which has the best porosity and the highest
surface area in this research.
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Abstract. We reported on the influence of applied voltage on the surface morphology
of anodic titanium dioxide (ATO) thin films. At first, titanium (Ti) thin films were
prepared by DC-magnetron sputtering for use as a base material in the anodization
process. The titanium dioxide (TiO;) nanoporous ATO was fabricated by the
anodization process from the Ti thin film, with different applied voltages from 20 V to
60 V in an electrolyte based on an ethylene glycol containing NH4F. Pore size
distribution of ATO thin films can be varied from 20-50 nm by increasing the applied
voltage, while the thickness of the film also increases. In addition, to observe the effect
of time, the optimal condition of anodizing voltage was studied by increasing the
anodizing time. The results clearly showed the nanoporous ATO over the films and the
thickness of the nanoporous ATO is approximately 260 nm.

Introduction

In the past decade, titanium dioxide (TiO;) has been one of the most studied
materials because it has been examined extensively for electronics, sensors, batteries
and solar cell [1-3] applications such as gas sensing [4] and in heterojunction dye-
sensitized solar cells [5]. TiO; has a wide energy bandgap of about 3.0 eV for the rutile
phase which is energy in UV light. From the aforementioned, it is apparent that one of
the requirements of those electronic devices is the surface area. While several methods
exist to modify the surface area, anodic titanium oxide (ATO) is one of the techniques
to enhance the surface area to increase the efficiency of the electronic devices [6].
Nanoporous ATO has found its application in many areas, such as photocatalytic
engineering [7], biomedical engineering [8], surface enhance raman
spectroscopy(SERS) [9], etc. However, the structure of nanoporous ATO may be
affected by many parameters, such as the applied voltage (anodizing voltage) [10], the
time of anodization, the temperature [11], the type of electrolyte and particularly the
previous usage of the electrolyte [12], By using HF as electrolyte, it was noticed that the
film thickness could not be increased further from 400-500 nm because HF’s acidity is
too strong, result in burst dissolution of the formed ATO layer [13]. However, one
remarkable electrolyte is the ethylene glycol solution containing NH4F because it has a
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slow reaction rate with TiO,. Macak et al., [14] use ethylene glycol solution containing
NH4F with very low diffusion constant to suppress a pH burst at the pore tip which has
led to 7 pm ATO layer thick and high degree of regularity and homogeneity.

In this study, we report on the fabrication of ATO thin film in the electrolyte of
ethylene glycol solution containing NH4F at room temperature. All the Ti films were00
grown in the same conditions by DC-magnetron sputtering and were fabricated at the
same time for use as a base material in the anodization process. The effect of the
anodizing voltage on the ATO growth, morphology and thickness of the nanoporous
ATO layers was studied.

Experimental

Prior to anodizing, the Si substrate was cleaned using a general cleaning procedure.
Then Ti thin films were fabricated by DC-Magnetron sputtering using a titanium target
with a power of 100 W for 1 hour on Si substrate, in Ar atmosphere with a flow rate of
60 sccm at a working pressure of 3.5x107 mbar. After the sputtering process, the
substrate was cooled in the chamber for 1 hour and was cut into pieces 2x1 cm?”. For the
anodization system, the electrolyte was based on an ethylene glycol solution containing
NH4F (0.3 wt%) and deionized water (2 % volume). The Ti-coated Si substrate was
used as the positive electrode and a lead plate as the negative electrode. The electrolyte
was stirred with magnetic stirrer at all times during anodization process. The anodizing
voltage was varied at 20 V, 40 V and 60 V respectively, while the time of anodization
was fixed at 5 minutes. Schematic diagrams of the anodization system are shown in Fig.
1. A field emission scanning electron microscope (FESEM, Hitachi S-4700) was used to
investigate the morphology of the as-prepared Ti films, the morphology of the
nanoporous ATO and the thickness of the Ti and nanoporous ATO films. In addition,
the current flow in the system was recorded in real-time by Multimeter (Uni-T UT61E)
that was connected to a computer, which was controlled by a LabVIEW program.

Computer 8 Multimeter ld Powel

Supply

Lead

(Magnetic Bar)

Fig.1. Schematic diagram of the anodization system.

Results & Discussion

As shown in Fig. 2(a) the surface of the as-prepared Ti layer on the Si substrate was
quite smooth and uniformly thick after deposition by the DC-magnetron sputtering. The
thickness of the Ti layer was approximately 600 nm, as shown in Fig. 2(b).
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Fig.3. Current-time characteristics during the anodization process for 5 minutes.

To investigate the current flow in the anodization system, the current-time curves
were recorded during the anodization process performed in the electrolyte at the
different anodizing voltages of
20V, 40 V and 60 V at room temperature. The thickness of the ATO layer is related to
the charge passed during the formation of the oxide. Fig. 3 shows the current flow with
different anodizing voltages. The current results show an exponential decrease (meaning
resistance increases by oxide layer) especially in the first region of each curve that can
be explained by the oxide layer forming on the Ti layer [15]. After that, the curves
showed a slow decrease with time after reaching saturation state. While the anodizing
voltage is increased, the current flow in the anodization system increases.

The Ti layer showed a shiny metallic appearance after preparation by DC-Magnetron
sputtering as shown in Fig. 4(a). After the anodizing process, the Ti surface was
oxidized by electrochemical oxidation process and the surfaces of the sample were
changed into different colors due to the change in the thickness of the TiO, films
through an interference phenomenon between the TiO, surface and the interface of the
TiO, and Ti layer. Fig. 4(b) to Fig. 4(d) show the colors of the ATO samples changing
from dark green to dark purple with the increasing voltages, which corresponds to the
thickness of the TiO, films increasing at higher anodizing voltages.
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Fig.4. Photograph of the TiO, films prepae by anodization process at (a) sprepared
Ti layer (b) 20 V for 5 minutes, (c) 40 V for 5 minutes and (d) 60 V for 5 minutes.
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Fig.5. FESEM images showing the surface morphology and cross-sectional view of
the nanoporous ATO films with different anodizing voltages: (a, b) 20 V for 5 minutes
(c, d) 40 V for 5 minutes and (e, f) 60 V for 5 minutes.

Fig. 5 shows surface morphology and cross-sectional view of FESEM images; the
nanoporous ATO films with different anodizing voltages were uniformly thick and the
nanoporous ATO on the surface morphology could be clearly observed. However, the
pore distribution over the surface is random. When the anodizing voltage is increased,
the nanoporous size increases and the thickness of nanoporous ATO gradually
increases. This indicates that the nucleation of pores is easier when increasing the
anodizing voltage. However, the thicknesses of the nanoporous ATO are difficult to
observe from the FESEM images. Nevertheless, we have showed the nanoporous ATO
thickness with the optimal condition in the next section. From the results in Fig.5, the
anodizing voltage of 20 V shows the small size of pore while the anodizing voltage of
60 V shows the large size of pore and excessive porosity. Thus we selected the
anodizing voltage at 40 V for the optimal condition because it may be suitable to adjust
the pore size and porosity by varying the anodizing time.

Fig. 6 shows the pore sizes for the nanoporous ATO films with different anodizing
voltages. The pore diameter for each anodizing voltage is measured in many randomly
selected pores, and the data points in Fig. 6 are average values with standard deviations.
The results clearly show the pore size increasing with increasing anodizing voltage,
while a linear relationship was observed between pore size and anodizing voltage.
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Moreover, to observe the effect of time, the optimal condition of anodizing voltage at
40 V was studied by increasing the anodizing time to 20 minutes. Figure 7 shows a
cross-sectional view and surface morphology of FESEM images of anodizing voltage at
40 V for 20 minutes. From Fig. 7, the results clearly showed the nanoporous ATO over
the films and the thickness of nanoporous ATO. After anodizing at 40 V for 20 minutes,
the thickness of the nanoporous ATO is approximately 260 nm.

&Q’“"’l"ﬁ&f |

and (c) the photograph of the nanoporous ATO films with anodizing voltage at 40 V for
20 minutes.

Summary

In summary, the effect of the voltage on the anodization system was investigated; the
current efficiency and reaction rate of ATO formation were observed to depend on the
anodizing time and anodizing voltage during the anodization of Ti thin films in ethylene
glycol containing NH4F electrolyte. The pore diameter and porosity of nanoporous ATO
are found to increase as the anodizing voltage is increased.
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Abstract

The anodic aluminum oxide (AAO) can be controlled the morphology of pore
by varies anodization conditions. The many researchers study involve anodization
conditions such as temperature, solution, voltage and ete. It is mostly used for two
step anodization because it has high order pore. In this research we study effect of
anodization times in anodization process. This work used oxalic acid and mild
anodized for fabrication anodic aluminum oxide. Scanning Electron Microscopy were
used to identify morphology of AAQ. It can be observed that increase anodization
times the morphology of AAO have high pore uniform. For more detail will be
discussed.

1. Introduction

Anodic aluminum oxide is the oxide of aluminum, it can be fabricated by
anodization process. Anodization firstly use in the industry to prevent corrosion of the
aireraft, it can be protect aluminum components from corrosion and mechanical
damage. Later time, the researcher apply anodic aluminum oxide used in widely
applications such as colorimetric sensor [1], photonic [2], filter [3], template [4] and ete.
They are study anodization conditions as temperature, solution, voltage, time and
times with finds appropriate conditions for applications. The two step anodization used
in anodization process by masuda [5]. High order porous of anodic aluminum oxide can
be fabricated by two step anodization. The anodization process can be used to a variety
of examples such as titanium, magnesium, zinc, tantalum and etc. The anodization
makes up the solution such as sulfuric acid (H2804) [6], phosphoric acid (HsPO4) [7],
nitric acid (HNO3) [8] oxalic acid (H2C204) [9] and etc. In this research, we study effect
of multi-step of anodizing processes on surface morphology of anodic aluminum oxide.
Field Emission Scanning Electron Microscope (FE-SEM) used to identify surface
morphology of AAO.

2. Experimental
2.1 Prepare aluminum plate

Oxalic acid, absolute ethanol and chromium oxide were purchased from
CARLO ERBA Co. Ltd., perchloric acid purchased from Ajax Finechem Pty. Ltd.
Phosphoric acid purchased from Merck. The process of anodization is as followed.
Aluminium 6061 plate was mechanically polished by sandpaper number 600, 1000
and 2000, respectively. Rinse sample by water, degreaser by detergent and rinse
sample again. Ultrasonically cleaned in acetone and deionized (DI) water for 5 min.
After that the sample was electro-polished in 1:4 ratios of perchloric acid and ethanol
for 5 min. Temperature and voltage during electro-polishing was kept constant at
room temperature and 10v. After elecro-polishing the Al plate was again cleaned
ultrasonically with acetone and DI water for 5 min. Finally, dry aluminum sample
with heat gun.
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2.2 Anodization process

The anodization process was carried in anodization experiment as shown in
Fig.1. It has strong cooling coil and magnetic stirrer to maintain electrolyte
temperature, concentration and flow. The Al sheet was attached to the anode and lead
sheet was used as cathode. The first-step anodization have condition show in Tablel.
The electrolyte used in anodization was 0.3 M oxalic acid. After anodization the
alumina layer formed at surface, the chemical etching used to remove alumina layer
from first step anodized. Etching process was carried in 6 wt% phosphoric acid (HsPOs)

and 2 wt% chromic acid (H2CrO4) for 2 hr at 75°C. The second step of anodization have

same condition in first step anodized. The second, third and fourth anodization used
chemical etching process before anodized.
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Fig.1 Anodization experiment: A) power supply, B) lead sheet,C) aluminum, D)
magnetic bar, E) oxalic acid, F) magnetic stirrer, G) insulator, H) copper coil, 1)

digital thermometer

Table 1 Anodization conditions.

Anodization condition

Time (hr) Temperature (C»  Voltage (v)
First anodization step 4 b 40
Second anodization step 4 5 40
Third anodization step 4 b 40
Fourth anodization step 4 5 40
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Fig.2 Anodization process

3. Results and Discussion

Surface morphology of Anodic Aluminum Oxide on aluminum substrate were
observed by Field Emission Scanning Electron Microscope (FE-SEM, JEOL JSM-
6335F). In this research investigate the effect of the multi-step anodization, series of
samples were fabricated by one (A), two (B), three (C) and four (D) step anodizing
processes, respectively. No structure of a pore forming AAO from one step anodizing
process because one step anodizing process has low potential to pore formation, On the
other hand, two, three and four anodizing processes generate with the formation of the
nanopores in the anodizing process. It was found that the multi-step in the anodizing

processes significantly improve the ordering of the pores structure.
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Fig.3 FE-SEM of Anodization: A) 1 times, B) 2 times, C) 3 times, D) 4 times
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4. Conclusion

In this research, we investigate the multi-step of anodizing processes on
morphology of anodic aluminum oxide. It was also observed that increase
anodization times increased the ordered pore. Material fabrication of AAO is based
on facile and inexpensive electrochemical anodization and the outcome of the process

are perfectly ordered and size controlled nanopores.
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