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Formation and Microstructures of Anodic Alumina Films
from Aluminum Sputtered on Glass Substrate
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A transparent porous alumina nanostructure was formed on a glass covered tin-doped indiufiT@idabstrate by anodization

of a highly pure sputtered aluminum layer. Details of the fabrication and microstructures of porous anodic alumina films are
described and a possible mechanism of anodization is outlined. The variation of anodic current density reflects three pegcesses,
(i) anodization of the sputtered aluminum lay@r) transition of electrolysis from aluminum to the underlying ITO film, did
electrochemical reactions on the ITO film beneath the anodic alumina film. As all the aluminum is completely anodized, the
resultant oxide films on the ITO/glass substrate possess a parallel porous sti¢i8@+H0 nm, cell size in-350 nm) with a thin

arched barrier laye(~80 nm) and exhibit a high transmittance in the ultraviolet-visible light ratig&-100% transmittance
300-900 nn.
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Porous anodic alumina, which consists of fine, uniform pores offrom aluminum sputtered on glass with an ITO film are investigated,
nanometer dimension, has recently attracted increasing interest asamd a possible mechanism of aluminum anodization on ITO is
key material for the fabrication of various nanostructurédhe key discussed.
feature of porous anodic alumina films is the uniform pore sizes,
high pore density, and high aspect ratio which are difficult to obtain
by conventional lithographic techniques. The formation process, mi-
crostructures, and properties of porous anodic alumina from thermo- Specimens—Highly pure aluminum(99.99% was deposited on
mechanically prepared aluminum have been studied for many yeara soda-lime glass substrag0 X 100 X 1.1 mm) covered with a
and have been well documented in many b&dkand paper§™*  tin-doped indium oxideg1TO) and SiQ films. Here, the ITO film
Porous anodic alumina is usually formed through anodizing bulk(100-130 nm,~20 Q/0J) was adopted as a transparent and conduc-
aluminum plates or foils at constant voltage or current density intive media layer to facilitate complete anodizing of aluminum metal.
various acidic electrolgtes such as sulfuric, oxalic, phosphoric, chro-To the transparency of the glass materials, ,Sfin (~15 nm is
mic, citric acid, et®* The dimensions of pores and unit cell of applied to prevent sodium in glass from dispersing into the ITO film.
anodic oxide films are controlled readily by appropriate choice of As an additional advantage this also improves the adhesion between
anodizing solutions, voltage or current density, temperﬁrﬁ?@r a the ITO film and the glass substrate.
pre-indentation process,etc. For some special purposes, porous  The aluminum layef~2 wm) was produced by rf-sputtering in
anodic alumina films are separated from the aluminum subdtrate 2.5 deposition cycleé~0.8 um per cycle. To guarantee the purity
and used as templates to synthesize various nanostructures withisf the aluminum layer, a target with 99.999% purity and a higher
their pores™ deposition rate~1.5 nm/s were adopted. No substrate heating or

Studies on the formation of porous anodic alumina from sputter-cooling was applied during the deposition. The base chamber pres-
de_pl)é)gited aluminum layers on metdla'>'$ and semiconductor sure was below 1.6 10°° Torr. The argon gas pressure during
(Si*?9 substrates have been reported recently. They found that thejeposition was 2.0¢ 10~3 Torr. The sputtering power was 3.5 kW,
anodizing process involves two stages,, anodization of the alu-  anqd the power density was about 20107 kW m™2.
minum layer and the underlying materi@l& or Sj, and during the
latter stage, the porous alumina produced in the former stage func- Aluminum anodizing—Aluminum anodizing was performed by
tions as a mask for a local anodization of the underlying materials,a regulated dc power suppiilistag in a 10 vol % phosphoric acid
thus leading to pillared T0s*>*or porous silicon nanostructutds  solution. A phosphoric acid electrolyte was chosen because it per-
with similar textures to the overlying anodic alumina. The researchMits anodizin A high voltages without excessive current flow and
objectives in the studies mentioned above were concerned witi1€at evolution” and high voltages lead to the formation of films
structuring the substrate materials as opposed to the overlying po%ith & large pore diameter and cell size. _
rous anodic alumina. Consequently the anodizing process of sput- In the experiment, the specimens were first degreased by
tered aluminum films and the electrochemical reactions atultrasonic-cleaning in ethanol for 10 min, and then anodized at a
aluminum/substrates interface have not been elucidated. Beside¥0ltage of 130V at 280 K. The electrolyte was mechanically stirred,
many works on the anodization of Al-Zr bilayer fil&lsand Al- and a soft increase in anodizing voltage from zero was used at the
based alloy& had been done to elucidate the migration of metal initial stage of the anodization. For reference, anodization of a
ions in and through the anodic oxide films. However, until now, the highly pure aluminum sheedlS-1N99: 99.99%, 20< 100 X 0.5
anodization of sputtered aluminum on conductive oxide materials™M was also performed under the same conditions. Time variation
(e.g, indium tin oxide ITQ has not been reported. in anodic current Qen5|ty and voltage (;Iunng anodizing was moni-

The objective of this study was to create a novel process totored by two multimeters connected with a programmed computer
fabricate transparent and porous alumina nanostructures directly ofyStem.

glass substrates. The porous materials can be used as hosts or tem- characterizations—The morphology and the microstructure of

plates to fabricate various nanostructufegides and metalson the anodized specimens were observed using a field emission scan-

glass?® for applications in photocatalysis, dye-sensitive photocells, ning electron microscop@ESEM: S-5000, Hitachiwith an energy

solar energy utilization, photoelectrochemistry, magnetic ”anomatedispersive X-ray analyzefEDX). In order to minimize charging

rials, and so on. In the present paper, the formation process, MiCroaffacts, the specimen was covered with a thin evaporated osmium

structures, and the optical feature of anodic alumina films derivedayer, To investigate the microstructure transition of the barrier layer
of anodic oxide films and the underlying ITO film, the anodic alu-
mina films were peeled off mechanically from the substrate at the

Z E-mail: CHU.Songzhu@nims.go.jp alumina-ITO interface and observed by FESEM. The crystal struc-

Experimental
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tion, followed by a rapid decrease to zero. After the whole electroly-
sis is ended, the specimen remains transparent but with a slight
milky white color (inset V).

: : . i Microstructure of anodic alumina film (AAF) from sputtered Al
« ; et o e e = layer on glass—The anodic current variation of sputtered aluminum
5 5 : : P on glass with ITO film corresponds to the film formation process
. and yield microstructural transitions within the AAF. Figure 2 shows
e the FESEM images of fracture sections for specimens anodized.
- Referring to Fig. 1, in stage |, anodizing occurs within the aluminum
] layer (Fig. 2a. In stage Il, anodizing occurs at the interface of
i aluminum film and the underlying ITO filrtFig. 2b. In stage 1V, all
] of the aluminum is electrolyzed completely into the oxiéég. 20.
- After aluminum anodization is finished, gm aluminum layers
o] transfer to the 3um anodic alumina films due to the high Pilling-
- Bedworth ratio. The resultant anodic alumina films have a porous

i /Am

structure with straight and parallel channels without branches. For

Anodic Current Densi

Sparking all the specimens, two arrays of small transverse holes appear regu-
Spo\N b : - larly in the AAFs at the same positior(see arrowgs which are
rSputtered Al § ~ Gas Evolution L ; ascribed to the stratified structure of sputtered aluminum layer pro-
P L e s e, duced in multicycled sputteringsee arrows in Fig. JaFigure 2d
reveals the surface morphology of the AAF from sputtered alumi-
0 20 40 60 80 100

num layer. The AAF is composed of irregularly shaped but uni-
formly distributed pores withp80-100 nm entrance diameter and

Anodizing Time t / min ; . R
a shows little change via anodizing time.

Figure 1. Changes in anodic current density)(of aluminum film sputtered

on glass with ITO film with anodizing timet{) in 10% phosphoric acid at

130 V and 280 K. The insets show the transparency of the specimens duriné‘lummw‘n'wO '”“?Ffac-ed The barrg?r_layer Ot: AAlFS (_3xh|b|t|§rg 'Im'
anodizing: stage I: opaque, stage Il: translucent, stage Ill: nearly transparen 'rostru_cture transition during anodizing atthe a uminum- nter-
and stage IV and V: totally transparent. face. Figure 3 shows the FESEM images of the microstructures near

the barrier layer of the films anodized at the stagesapfwithin
aluminum layer,(b) just reaching the underlying ITOc and d

. . nearly finishing aluminum anodizing, arid and j after the alumi-
tures of the specimens were analyzed by an X-ray diffractometer, y IIIshing aluminu izing, art J um

(XRD: RINT-2200/PC, Cu I, 40 V/40 mA. The UV-visible trans num is fully anodized. As anodizing occurs within the aluminum

mittance spectra of the specimens after anodization were measurI ver (Fig. 33, the barrier layer is semispherical with a thickness
. ; . =165 nm roximatel | to half of the wall between th
by a spectrometetU-3500, Hitachi at a resolution of 2 nm. 65 approximately equal to half of the wall betwee c

pores, which is consistent with conventional anodizing of bulk alu-
minum sheets. As the barrier layer reaches the underlying ITO layer
(Fig. 3b, the aluminum under the pores is first consumed, remaining
Anodizing behavior—Anodization behavior of sputtered alumi- small amount of aluminum between the alumina cédlse the ar-
num on glass is distinct from that occurring for common aluminum row). The frontier of the barrier layer is flat against the underlying
sheet, since the aluminum metal is definitely consumed up throughTO, while the inside of the barrier layer near the pores remains in
anodizing. Figure 1 shows a typical behavior of the time variation in semispherical shape. As anodizing goes on, the barrier layer trans-
current density i(-t,) during anodizing of sputtered aluminum on fers into flat in both sidegFig. 39 and then humps upFig. 39
glass with an ITO film in 10% phosphoric acid solution at 130 V. from the ITO/glass substrate, with a thickness of 120-147 nm. Fur-
For reference, a current-time curve of the aluminum sheet obtainedher anodizing leads to a unique arched barrier layer with a thin
under the same conditions as the sputtered aluminum is also given ifflickness(~80 nm and produces voids under each poFég. 3e
the Fig. 1(dotted lind. The anodic current density§ of aluminum  and f, presumably leading to a weak connection with the substrate.
sheet, as usual, shows a steady valu81 A m 2) except for the ~ Moreover, it should be noticed in Fig. 3f that there are several black

initial stage. Thei, of sputtered aluminum, on the other hand, ex- €S across the barrier layer adjacent to the poreviaéie arrows

hibits several large swings and finally goes to zero. According to the?Vhich could correspond to some of the tiny pores in the barrier layer

observation on the current value and the appearénaesparency (refer to Fig. 4b. ] _

of t_he s_pecimens in the exper_iments, the anodizing process can bt?ar'r:igrulrae irzhc());,v:ntc?deichlﬁriwlén;ﬁr’?{if:m& ttgge :r?ét(:mg Vslﬁﬂa%fethe
divided into five stagetsee the insejsin stage |, the specimens are mor holoy “fthe corresnonding underl I?n ITO filnight photos
opaque, because of the aluminum lagieset ). Thei, varies sig- ¢ tﬁ gy d'p gy 9 i byt 9 5 mght p p
nificantly with periodic drops at, = 10 min andt, = 27 min, cor- or the specimens anodized ft) and (b) t, = 50 min, (c and d

responding to the deposition cycles of the aluminum layer in sput-}azgg min, g_nd(i and j tah: 1%15 miln. For the splecimtep ﬁ‘nOdiZSd
tering. Thei, value swings within 8-31 A m?, lower than that of or min (Fig. 43, i.e, when the aluminum is almost fully anod-

the aluminum sheet. In stage II, the specimen changes from opanged into the oxide, the barrier layer is basically dense with shallow

. ; : ents. Some tiny pores can be seen at the grain boundaries of the
to tra_r;slucent grad_uallyr_lset 1. Th? I, decreases swiftly t(}.3'6 aluminum or the alumingarrows A. Correspondingly, the underly-
A m“, accompanied with a sparking phenomenon. Entering stagg,, 1o fiim (Fig. 4b is an even layer with numerous tiny pillars,

Ill, the appearance of the specimen changes from translucent tQinijar to that without anodizingnot show, though some dark re-
transparent graduallyinset Ill). Thei, recovers gradually to a rela-  gions (arrows A indicate the effect from the anodizing. As the alu-
tiVer IOW Value,"’8.8 A miz, W|th a pI’OgreSSive gaS eVOIUtiOn. In minum is Comp|e’[e|y anodizeﬂ:ig_ 4d’ numerous t|ny pore@r-
stage 1V, the specimen becomes totally transpalieset IV). Thei,  rows A) appear around the barrier layer at the pore base. The dents
varies within 6.7-8.8 A m? and lasts for a prolonged perige-40 corresponding to the arched barrier layer are deeper topographically
min), accompanied by gas evolution. Approaching stage V,ithe than those in Fig. 4a, inferring a thinner barrier layer, which is
first experiences an increase, accompanied with a violent gas evolwsonsistent with Fig. 3e and f. On the other hand, the correspond-

Structure transition of barrier layer and underlying ITO film at

Results
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Figure 2. Field-emission scanning electron microscép&SEM images of
fracture sections for anodized specime(@:stage I:t, = 16 min, (b) stage
II: t, = 46 min, (c) stage IV:t, = 60 min, and(d) surface morphology of
(©.

ing ITO film (Fig. 40 is still a continuous layer but with a partly
uneven surface. Some dark circlesrows with the same dimen-
sions and spacing as those in Fig. 4c are observed and identified as
dents from the topography. Finally, for the specimen obtained after
the anodic current goes to zeffeig. 46, the barrier layer still exists

but becomes a flat one, and in addition to the tiny pdeeows A,

local perforation of the barrier layer also occurs in many places
(arrows B. Accordingly, the underlying ITO filn{Fig. 4f) has be-
come a discontinuous one, exposing the glass substeg®ns B

and giving a poor adhesion between the film and the substrate. From
the enlarged image of remnant ITO filfmset in Fig. 4§, the tiny
pillars on the surface of ITO film have almost disappeared, and
some holegarrows A with the same dimensions to the dents in Fig.
4d are observed.

Moreover, it was found by EDX analysis that no difference in the
compositions was detected between the pore walls and pore bases
(Fig. 4a, c, and eand between the flat region and the dark circles on
the ITO film (Fig. 4d). Additionally, a small amoun(~1 wt%) of
indium was detected in the bright regions in Fig. 4f apart from the
aluminum, oxygen, and phosphorus in anodic alumina, indicating
the peeling of anodic alumina films happened at the interface be-
tween anodic alumina and ITO films.

X-ray diffraction (XRD) analysis—Figure 5 gives the results of
XRD analysis for specimens before and after anodizing at different
time. The sputtered aluminum lay@ is polycrystalline with strong
orientation in(1121) facet, which is different from the common met-
allurgical aluminum sheet with preferenti@00) orientation. In ad-
dition to the peaks of metallic aluminum, the peaks corresponding to
the indium oxide from the underlying ITO film on glass substrates
also appear, due to the limited thickness of the aluminum layer.
After the aluminum is fully anodized into the oxidg), the main
peak in(111) orientation corresponding to metallic aluminum disap-
pears completely. No peak corresponding to crystallizegDAlis
found, though sparking has occurred during the ending stage of
aluminum anodizing, indicating that the anodic aluminum oxide is
still amorphous as anticipated. All the peaks in pattern b are identi-
fied as the indium oxide from the ITO films beneath the anodic
alumina film. No phases associated with tin were detected, most
likely due to the low total tin content in the ITO. As for the speci-
men anodized for 105 mift), only a weak peak at 30.1fnain peak
of In,0O5;) appears, due to the discontinuous ITO filsee Fig. 4.
Moreover, from the peak positions of,@; for all specimens, it
could be deduced that the crystal structure of the indium oxide is not
affected by the electrolysis.

Transparency of anodic alumina filtesThe transmittance of an-
odic oxide films on glass substrates is an important parameter in
making devices for photochemical applications. Figure 6 illustrates
the UV-visible transmittance spectra for the specimens after anodiz-
ing for different times. The sputtered aluminum layer without anod-
izing is opaque(broken ling. As anodizing proceeds down to
aluminum/ITO interface tG = 38 min), the specimen becomes
translucent gradually due to the thinning of aluminum metal layer.
With the consumption of remnant aluminum metal by anodizing, the
transparency of the specimens increases gradually, and the interfer-
ence in the spectra becomes strong simultaneously. The interference
in the transmittance spectra could be ascribed to the thickness and
the porous structure of anodic alumina films, as well as the refrac-
tive index of the ITO film(100-130 nm; 2.0) and the Sjdilm
(~15 nm; 1.4. As the aluminum is completely converted into the
oxide (stage 1V:t, = 60 min), the average transmittance of the an-
odic alumina film in visible light range reaches t©5%. Further
electrolyzing the specimens until the current goes to Zstage
V: t,= 105 min results in lowering of transmittandelotted ling,
possibly due to the diffusion of light from the rough and discrete
ITO film (see Fig. 4f. In other words, the transmittance of the
specimens corresponds to the consumption of aluminum during an-
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Figure 3. High-resolution FESEM im-
ages of fracture sections near the barrier
layer of anodic alumina for the speci-
mens anodized fofa) stage I:t, = 38
min, (b) stage Il t, = 45 min, (c) stage
Ill: t, = 50 min, (d) stage Ill:t, = 53
min, and(e and § stage IVit, = 60 min.

odizing. Therefore, the transparency of the specimen could be usesince the anodizing conditionlectrolyte, temperature, voltage,
as another indicator for the termination of aluminum anodizing in etc) are fixed, the value and variation of the anodic current mainly
addition to the current variation. depended on the property of the electrode materials. The anodic
current of sputtered aluminufi6-31 A m ?) is lower than that of
aluminum sheet~32 A m2), and varies with the deposition his-
The anodizing behavior of the superimposed metal/oxide layersory of the layer(Fig. 1). In particular, the sputtered aluminum used
is complex, and may be distinct from those of metallic lay€rS:?' ~ in this study possesses a stratified structure as a result of the multi-
In the present study, the anodizing of the superimposed aluminungycled deposition used in sputterir§ig. 28. Consequently, the
and ITO layers on glass involves three main processes as follows anodizing progress of sputtered aluminum is disrupted or hindered
(i). Aluminum anodizing within the sputtered aluminum layer at the interface zones between the deposited aluminum ldgers
(stage | in Fig. 1 Generally, anodic oxide films on aluminum, in- cycle). This is reflected in the transient decrease of the current den-
dependent of barrier type or porous type, are formed by the simulsity (Fig. 1) and the formation of the transverse hol€g. 2). Nev-
taneous outward migration of Al and inward 3 /OH™ ions. The  ertheless, the pores of the resultant anodic alumina films grow
ions are driven by the high applied electric field, across a compacstraight and run through the interface zones regardless of the strati-
layer of film material(i.e., barrier layey at the aluminum-film inter-  fied structure of sputtered aluminum layer, leading to an entirely
face, according to following reactioh&*2® porous structure. This characteristic is essential when seeking to
grow thicker anodic alumina films from sputtered aluminum layer.

Discussion

Al = AP + 3e [1] ; e . s .
(ii). Transition of electrolysis from anodizing of sputtered alumi-
2A1%* + 3H,0 = Al,O; + 6H* [2] num to underlying ITQ(stage Il and Ill in Fig. 1 The transition of
anodizing the aluminum film to the underlying ITO is characterized
2Al + 307 = Al,O; + 6e [3] by current variatiofs), accompanied by an apparent transparency

change. The current fluctuation in stage Il and Ill indicates that at
Reaction 1 contributes to the most of the anodic current, and Readeast two electrochemical processes are involved,aluminum an-
tions 2 and 3 relate to the growth of the anodic oxide film and the odizing (Reactions 1 and)3nd electrolysis on ITQe.g, Reactions
generation of hydrogen ions as a by-product. In the present study} and 5. As the barrier layer reaches the substrate gradygily.
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Figure 4. FESEM images from the bot-
tom view of the barrier layers of anodic
alumina films(left photosg and the sur-
face morphology of the corresponding
underlying ITO film (right photog for
the specimens anodized fé@) and (b)
ta = 50 min, (c) and (d) t, = 60 min,
and(e) and(f) t, = 105 min. Inset in(f)

is the high magnification image df)
within the square area. The bright re-
gions in f correspond to ITO film, and
dark regions to the glass substrate.

3b), the area and the amount of aluminum metal reduce abruptly, saccumulated at the alumina/ITO interface. This would produce a
the current corresponding to aluminum anodizing through Reactiorpressure against the pore base, so high that would lift up the barrier
1 decreases accordinglistage 1). Meanwhile, the electrolysis layer from the interface and leave some voids beneath the barrier
would gradually be dominated by processes occurring at the underayer (Figs. 3d-§, thus leading to a weak connection between the
lying ITO film (see later discussionThis results in the transient alumina film and the ITO/glass substrdfégs. 4a and ¢
current drop which marks the completion of aluminum anodization. It is interesting that numerous tiny pores are formed at the barrier
During the transition process, the barrier layer changes fromlayer adjacent to pore walls at the end of aluminum anodizarg
semispherical to flat, and finally to archéflg. 3b-6. The formation rows A in Fig. 4a, c, and)e The formation mechanism of the tiny
of the humped or arched barrier layer may be ascribed to the anodsores is not clear. It could be ascribed to the combined effect of
izing of remnant aluminum, during which a certain thickness corre-local anodization of the remnant aluminum around the pores walls
sponding to the applied voltage should be maintained, and morend the high-pressure oxygen produced through Reaction 4. Some of
possibly, to the oxygen at the alumina-ITO interface producedthe tiny pores might penetrate the barrier layer for some reasons

through the following reactic (arrows A in Fig. 3d, thus permit the electrolyte reaching the
5 alumina-ITO interface, leading to the local dissolution of the under-
207 =0, + 4e (41 lying ITO film (black circles in Fig. 45 The black dots at the edges

of black circles in Fig. 4d might be the initial points of dissolution.

As anodization proceeds in the aluminum layer, oxygen is notThe perforation of the barrier layer leads to a current rise corre-
produced at the Al-alumina interface, since the equilibrium potentialsponding to the current recovering in stage Ill in Fig. 1, in which the
of Reaction 3 is less than that of Reaction 4. However, as the barriecurrent value is depended on the extent of the perforation, the con-
layer reaches the ITO film, the?0 ions delivered to the alumina- ductivity of the ITO film, electrolyte used, and so on. Here, a mas-
ITO interface via barrier layer may react with either aluminum or sive rise in current was not observed, indicating that the perforation
ITO. Assuming that the ITO just functions as an electrochemical of the barrier layer might proceed gradually and very slowly.
inert electrode, oxygen would be produced through Reaction 4 and The variation in the barrier layer thickness during anodizing at
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3000 ——— 1Ty T is uncertain due to the limited data. It could be ascribed to either the
[ : : ] sparking at the end of aluminum anodizing, in which the dehydra-
tion or crystallization of the barrier layer of anodic alumina could be
; ; . induced, though could not detected by the XRD anal{Sig. 5), or
 BEE e L e T the chemical dissolution at the alumina/ITO interface caused by the
n ’ 1 localized increase of temperature due to the highly resistive under-
lying ITO film on glass:® or both.

(iii ). Electrochemical reactions on ITO filistage IV in Fig. ):

A quite possible electrochemical reaction contributing to the cur-
rent and gas evolution in stage Il and IV may be the electrolysis of
: : ; i water in the electrolyte at the alumina-ITO interface through the tiny
R -~ EE e = pores of the barrier layer

2500

> I‘n‘z‘OS“ (?22)““‘

-
)

—
N

N
[
=
(=]

>

{s | |
D>
H Al

- m Al

D (400)

2H,0, = O, + 4H" + 4e E° = +1.229 V (5]

Intensity / Counts
g
1)

% (DY

[
[
>
<

It can be derived from the standard potential that oxygen genera-
tion is quite possible through Reaction 5 at the high applied voltage
(130 V). The resulting oxygen would escape from the alumina ITO
interface through the pores, accounting for the gas evolution ob-
served in the experiment. The resulting hydrogen ions would cause a
local acidification of the electrolyte, and lead to a local dissolution
of the underlying ITO film(dents in Fig. 4d and)f enhanced by the
high electric field of 130 V. Here, anodic dissolution of the ITO film

20 may occur nonuniformly and very slowly through the tiny pores of
Figure 5. X-ray diffraction patterns ofa) sputtered aluminum, and anodic tcr:ﬁrg\rllttarilri/ Ig?aggﬂii/lcgilgsm (l)nnafglrm é ;?(I)?Or:g é/dbgetrri]gdr?r? s:pr;tévg ;[Eg
alumina films of(b) t, = 50 min, aNd(©) t, = 105 min on & glass substrate  jiyjte thickness of the ITO filn{100-130 n. The local acidifica-
with an ITO film. (Cu K, 40 mA/40 V). tion of the electrolyte would also cause the dissolution of the over-
lying barrier layer and result in the void formation at the alumina-
e aluminalTO inetac s another neresing phenomenan dution =1 (%, 0, 123000 10,5 pocr achesis betueen
the transition. As anodlzllng occurs in th.e a'“m'F‘“m Ia@g. 3a, arrier layer occurgsee arrows B in Fig. 4elarge volume electro-
the thlck_ness of the barrier layer n semlsphere |s_appro><|_mately 16 yte would “pour” in the alumina/ITO interface and promote Reac-
nm, eqqlvalent to .1'.27 nm/V. This vglue Is consistent W'.th that of tion 5, which probably contributes to the current increase and vio-
conventional anodizing of bulk aluminum sheets, which is usuallyIent gas evolution near the end of stage IV. Eventually, the ITO film
1.0-1.4 nm/V. While after the aluminum is completely anodized would be corroded into discrete islan@gig. 4f), and tﬁe anodic
(Fig. 38, _the.barrier layer thickness is_80 nm, equiva_lent to 0.62 current decreases to zefstage V in Fig. 1 Y
n_m/\/, which is unusually thin for alumlr_\a f|_Ims an_odlzed at $UCh a Finally, it should be mentioned that the electrochemical reactions
high voltage. The reason for the reduction in barrier layer thlcknessof the ITO film after consumption of aluminum have largely been
neglected in the above discussion. Speculatively, the ITO could also
i participate in electrochemical reactions, in dissolution and/or oxida-
ol | T N AT N T AT tion form. For instance, though without any direct evidence, part of
I 1V (60 min) ‘ the indium ions could migrate into the barrier layer of anodic alu-

i ] 1 mina due the higher mobili§?3° driven by the high applied volt-
age. This would change the oxide composition at the pore base and
increase its field strength. Such an effect, like the sparking effect
mentioned before, might also account for some of the reduction in
barrier layer thickness. However, to elucidate the electrochemical
behavior of the ITO film beneath anodic alumina, more accurate
analysis and further investigations are needed and will be no longer
elaborated in present paper.
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Nanostructures of transparent porous anodic alumina films are
formed directly on a glass substrate with an ITO film through the
: L anodization of sputter-deposited aluminum layer. The anodic alu-
- ; B - 1(38 min) B mina films are composed of straight and parallel nanopores with a
i i i : thin arched barrier layer and transverse holes, and exhibit a high
‘ | 1 ; ‘ transmittance in the UV-visible light range, due to the complete
anodizing of aluminum.
0 The anodizing process of sputtered aluminum on glass with a
conductive ITO film involves three major stages
300 400 500 600 700 800 900 (i) anodization of the sputtered aluminum layer, exhibiting a de-
Wavelength / nm pendence of current variation upon the deposition conditions;
(i) transition from anodization of aluminum to electrolysis in-
Figure 6. UV-visible transmittance spectra of specimens anodized for dif- Volving the underlying ITO film, during which the anodic current
ferent times. A glass plate with an ITO film was used as a reference sampledensity experiences a transient decrease and recovers to a relatively

Transmittance / T% (vs. Glass)

_ , Al Sputtered Film
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low value, and the specimens change from opaque to transparens.

simultaneously, accompanied with sparking and gas evolution;

(iii ) electrochemical reactiong,.g, decomposition of water, on
the ITO film beneath the anodic alumina films, leading to a discrete
ITO film segment and a loss of electrode conductivity.

with good conductivity and large surface area can be obtained for
various practical purposes.
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