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Fabrication of TiO, Nanorod Arrays on a Quartz Substrate

Using Anodic Oxidation

Student : Hsiao-Wei Lin Advisor : Dr. Chih Chen
Department of Materials Science and Engineering

National Chiao Tung University

Abstract

Recently, the interest to the double-layered anodic oxide arises because of
its special applications. It has been reported that a nanostructured anodic oxide
can be formed from the underlying metal through the anodic aluminium oxide.
And some research indicated that main factor which influence the formation of
oxide is the difference of ionic resistivity. In this work, we use anode oxidation
to fabricate TiO, nanorod arrays on a quartz substrate and study their growth
mechanism. The anodic process is-mainly divided into two parts, anodizing Al
layer and Ti layer. The density, diameter and height of the TiO, nanorods could
be controlled by changing the variables of experiment and its growth rate is
really fast at the initial stage. From the photoluminescence spectra we could
found out that with higher surface area to volume ratio, the PL response will
shift to longer wavelengths and the intensity is related to the surface area of the
Ti10, nanorods. We also use TiO, nanorods as the field ionization anode to test
the breakdown voltage in different atmosphere. The results show good

selectivity and thus they can be used as gas sensors.
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Bl 2-7 Mg (“ 4834 F 2. 2 £ 847 2 8 - &
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- B4R 1 * § 348 F4 % % (e-gun evaporation system) % #E
A (quartz wafer) F A W 4 TH L G R itk - HFF ZHAR
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g/ F®AFZ LB B 40K 3-3(@) 7T o
312 BiEF LB R
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3-2-1 = & BF1F+

v % 5477 F it 3% &% (Electron spectroscopy for chemical analysis,
ESCA or X-ray Photoelectron Spectrometer, XPS) ¥ ¥t:# # &% & (<10
nm) FTEEDLG 2L L (REFTHETE o) >+ VIR S
RS e F RUR w4 f T~ ZEH L DEFES
o T REAE AL N T ARIERY R o TRIET I A
# i (binding energy) =] € RIFHERZRE 2 kA A2 =8 > H
T 8 = # (chemical shift) e 518 ESCA > ¥ 1 A {5 R IwE 2 4w
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45 ;% 7 F & fic4x (Thermal field emission scanning electron microscope,
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Al

Quartz substrate \ ‘ Quartz substrate

(a) (b)

Quartzsubstrate

Quartzsubstrate

(c) (d)

Quartz substrate

(e)
B33 - RARBIET AILS B LB -
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Mirror 2 4 Mirror 1
I o w— — 325 nm He-Cd Laser
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d\-—.__ ............

Stage Mirror 3 360nm Long

Pass Filter
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R
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Bl4-1 %440V 543 7B F B3 - L Tin gt 25 4 7 B 7 SEM

REw R -
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Current density

Anodizing time
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4-1-1 5 £ R ER2ZBE
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M4-5 2 BHAER S 20nm T3 L - § 42 H L5z SEM H
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SEI 15.0kY X150,000 100nm WD 9.8mm
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4-2-2 X ST 3 i A 45 (XPS analysis)

gt K XPS A drengE R g e A ﬁ%“lff;‘,’%iﬁ—j o REEIEE
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4-2-2-3 4E¥%5 < i it 3 B (Al 2p core-level spectra)

Bl 4-58 S 41* Biad CapscFE R TR L2 2 F te Rk
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4-2-2-4 ~ % 5 74 * £ 45 (depth profile)

Bl 4-60 T 5 1% 452 AAO o= 3 MeR R K B E AR TR
3 & B (atomic concentration ) %R~ % Bl o d Mo F BT L F Ao
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3R pfhy 7 R OIE D I G 1 v TR R ALY
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EEAFE 2K P FTF =25 245 (Ti03) %2 - 5 45 (TIO) = & >

Hysed B85 152 1.0 2 R4 h- B Flt§a%m
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4-2-3 = £ #d¥F

Pilling-Bedwoth ratio (P-B ratio) #4p &% "t #+& £~ L 1

b B LV 520

Voxi e Moxi e pme a
Rpp = © = ‘ = (5.2)
Vmetal n- Mmetal ) IO oxide
Voxide 7‘% -4;: }%i i 4% !—’T‘LE. ’?ﬁ %ﬁ Vmetal = 4: 33 ’?-%2 ﬁ% ’ Moxide 7‘7:“ .!E

BEF CFAEARIE Mpew 5 £HPEIRFIE p A %AM n B
rrHTERF Y N ARG kP -

MO [EJ%? T 4% & e P-Bratio & 1.730 4p #3348 £ 45«11 P-B ratio
5128 kenx O, g pmspaes AR ERT VR 2 F
bk g 75 Reng t4R a X Tl fag F4pa) g p o)l
FooOF D § e M AR ARSI Y S o

mAEARFE LT A BieE LB RS LE L H KD
ALGFELIAFERAF P PSRRI AR PR ERREF
P PR B R AR S e Aot - kT E R
TEERFCFTEE RSN M X F R EHY PR
et rE - FTHERF P ERANIEERF V5
Bl g 1 BEREF AR 2 AR B2 F sxahp BA R Y 2 3
B e P A d b F g S R RO E AR R 0 d T

1% BARF A A BA XS EF A K AT
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B v et R (Y g endtF DS A ) AT e DT R M B
B EE - PR TR A0 VerRT > B AAOFUF B £ T 0K 5
30 nm- "™ & 4 5-12 F &7 UBRERD > F 5 - [FERFIEE e TR
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