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ABSTRACT

Owing to the characteristics of regular arrangement pore structures in
nanoscale, anodic aluminum oxide (AAQO) has been widely used in the
process of nanowires of a variety of materials. Recently, it was uncovered
that the use of metallic nanoparticles embedded in the oxide film resulted
to some interesting optical properties, such as negative refractive index,
light-induced conductivity.

In this thesis, by combining the secondary anodic technology with
different electrolyte, we successfully fabricated spatially distributed
nanopores with sizes-of 100nm and 60nm in AAO. Silver metal particles
were deposited subsequently in the pores on the AAO templates to form
metallic nanowires using the electrochemical methods. Dependence of
the optical response on degree of metal filling, thickness of oxide film,
and metallic wire were reported. The reflectance spectra of AAO films
with silver particles show a reflectance of less than 10% at visible and UV.
Resonance peaks are observed due to the surface plasma resonance of the
embedded metallic nanowirs when the measurements were taken at
various the angles. Interference phenomenon was observed below the
near infrared due to the multiple reflections. The phase of the interference
patterns also varied with the angles of the incident light. For oxide films
containing silver nanowires, the transmittance and absorption behave
distinctively for wavelengths above and below 500 nm. At wavelengths
above 500 nm, the films shows low reflectivity and exhibit several strong
surface plasma resonances. We speculate that this may be related to the

pore sizes of the oxide films.
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BB [36] 0 T R AR IR AR Ak il
hidfb

® LA kI [36]

#-AAO YRR R (Ao ARl ) > TR %] AN 0 AL EED B BT £

36



Jok 3l TR

® T iF4ik([37]

FiI# @ 2ai% (KC1 0.5mol) » se R B AZf% > F]15 AMO £ 5 H e
T % AAD FHERPF 3 LR R ) o F R IERPE RS 3 (F
B ) hrete g AR R o kiR R R RS (OH) iR i 2

Fil4R TRAAFARPER LT R EF L HNF L

m
.
*
>
m
.
w
.

[La2]

Bl 2- 1810 205 4 % AR IR Ko B P4 L

B 2-19 1 54 4% 0 F BB T

37



2.3.2. 2 in® (Alternating Current)

ERIEEAFY T EG AT €0 - R EFIRE B F G
Piey i dpinERiefy » JAILIRE » F15 7 A R ekast 2 URN 7|
WHRELTRE GRFIEIEOTr iz L R a8 F Ak ehg
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B iR A [38] 0 & el A ] F AR 12 [30-40] 0 H 2k L
bt — S TEE A BALS o 117 Ak R B RS

5 3F o 1 %§'«@ ﬁi%@;ow%gaﬁﬁ4%%9a%@o

(a) Polishing Ag deposition
Al | ‘ |
(b) Anodization (e) Remove AAO wall

Bl 2-21~AC R4 kg%
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2.3.3. "% #% B (Pulse Electro-Deposition)
T RZ G A WA PED) 2 LT BB TRIEAFIL £ F) 2 BB
7 e FR BT R AR L BT AR 2 M [41-43)]
(1) =ERRAA:
2o % g 32 & (Sine-Wave) » @ PED # % # * 3 &
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DA o RN EhE ke B BB
(2) AfFERE B3
PED e35 ¢k — 3f v 43w Bapied|ih i & B adpkx poy 2 £ i
B AR FEE SRR T MR B R 4 R
I * BB TS & &K KA 0 B 2-22 - B 2-23 ¢
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) 2
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time (ms) —
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= Inhomogeneous layer
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Emergent medinm
n;’ (Substrate)
T3 I
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Refractive index (n)

B 2-24 2 3 SURATHE LSBT 7 R F

2.4.2. Biey MR RE R

® Fabry-Perot Etalon effect
EAEF I f A BRI A Bd AT RSP RF WG b G 2
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Bl 2 - 25~ Fabry-Perot Etalon % /%7 & B
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- (1 — R)? o 1
" 1+ R2—-2Rcosé . 1+F*sin2(8/2)
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[2.3]
L i s F 55 T (Te=1)» XRRIZZFE S 2nlcos 0 E 4 & e #ic s -
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2 1-R
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Amax’ > Amax > Anin’ < Anin ° @;'&'fi—"i’fi*%‘fiﬁ"i 4y &F“ °

(a) blank AAO template
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rerlection

(b) AAO with Ag
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3.3. ERRFNEZ2 R
3.3.1. B3 644 ' T+ BAcgL(SED

® RENL

Bl 3-4-SEM & =%

EER R A R L i Vg

REES LF Fiéld Emission Scanning Electron Microscope
R 2 A5 | : p~ JEOL JSM=7401F

I T : EDS system (Oxford INCA Energy 350)
RARR

* Gun: cold field emission type

e Resolution A:1.0nm (Acc.V=15kV, Mag=300K)

B :1.5nm (Acc. V=1kV, GB mode, Mag=200K)

58



& REAY

SEM

Electron gun |———4)

|- Electron beam

First condensor lens

77
Second condensor lens -}/
/ﬁ g /

— X-ray detector

g A . &
Deflection coils £ 5 1]
X o ‘:,{’ 1] Objective lens
/ \\ L / M,
Backscatter |~ a’ s
electron detector
sample —ﬁ !
| | Secondary
Vacuum pump electron detector

 3-5 - SEM & 1



it B 4§76 # &k (Energy Dispersive Spectroscopy ; EDS or EDX)

kicked-out ..,
electron - -

VRS LI CT 53 3-8 S

]
P
o3
T
3
pr
g\ \

e
3

—

0
nd

5

s B SR R R T S i i 2 X Sk kS
50 A - BRSNS AR 0 BB AR
RFEL AXR A BREFHREAL o Ao RITRT > REV RS

2
g

A Zaelp Al (B ARER ) R AT R F PR SR

Ny

Foe o SPRBREG Y T3 @ U B R A - BT

\

TR e - BRAEHFATIOFNIE LT F Y B

by

B e g Bl 00 B enp kT O XEFALET) R R0 oeni £ o

—\\

o BR&EF NP RNEEZ g 7 UED - Bk o ¥

e

S ABARONHR Y TR EAS SR o AU

FANEREME @7 LR REE ST B o

e

60



3.3.2. ®eh/F R/ mehk o kRHER

® RENL

V% 4R 110 to 60 deg. (in 10 deg. steps)
* &% Max.430 x 430 mm
o WRIE :RTBHE UV/Vis) ~ R4 F5¢ Pbs(NIR) > 60mm E

T AE A SR 48 480
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