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Alignment Properties of Liquid Crystal
on Etched Anodic Aluminum Oxide Film

TSUNG-TA TANG, CHE-HSUAN LI, AND
RU-PIN PAN

Department of Electrophysics, National Chiao Tung University,
Hsinchu, Taiwan, R.O.C.

Anodic aluminum oxide (AAO) is a widely studied material with self-assembled
nanochannel which is perpendicular to the substrate with nanometer-scale diameters
and high aspect ratios. It is used for protecting the aluminum surface or as dielectric
material. In this work, the alignment properties of liquid crystal on the etched AAO
thin films were studied. By controlling the etching time, not only the pore sizes but
also the thickness of the etched AAO thin films can be modified. Both homeotropic
and homogenous alignment properties have been demonstrated on the etched AAO
thin films with controlling etching time.

Keywords Anodic aluminum oxide; liquid crystals; vertical alignment

1. Introduction

The liquid crystal panels have been widely used in the modern display applications,
such as liquid crystal displays, liquid crystal projectors, and liquid crystal televisions.
One of the most important elements of liquid crystal panels is the alignment layers. It
provides the boundary condition to align the liquid crystal molecules uniformly at
the surface along a particular designed orientation without any external field.
Depending on different alignment layers, the liquid crystal molecules orient homo-
genously or homeotropically. The homogenous alignment can be obtained by rub-
bing polyimide films [1], ion-beam bombardment method [2,3], photo-alignment
method [4,5] and using the microgrooved substrates [6–9]. The homeotropic align-
ment can be obtained by coating the substrate with hydrophobic films such as Silone
compounds or the ferromagnetic film. The SiOx oblique evaporation method can
give any of the homogenous, homeotropic and tilted alignments by controlling the
evaporation angle [10–12]. On the other hand, the liquid crystal molecules can be
aligned based on molecular interaction or surface morphology.

Anodic aluminum oxide (AAO) is a widely studied material that is used for pro-
tecting aluminum surface or as dielectric material in microelectronics application.
AAO has been studied extensively over five decades [13]. There are two kinds of
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AAO, the nonporous barrier oxide and the porous oxide. When aluminum layer is
anodized in neutral or basic solutions, a flat, nonporous, featureless insulating bar-
rier oxide is fabricated. When aluminum is anodized in an acid electrolyte (pH< 5),
the pore arrays can be fabricated with diameters varying between 5 and 100 nm. The
diameter of pores depends on the pH value of the electrolyte, the anodizing voltage
and the different electrolyte, such as sulfuric, phosphoric, chromic, citric, oxalic acid,
etc. [14–16]. The porous AAO film has been reported to be a typical self-assembled
nanochannel material [17,18]. It exhibits a homogenous morphology with hexagonal
columnar structures which grow perpendicular to the substrate with nanometer-scale
diameters and interpore spacings. Such films present uniform pore sizes (between
10 nm and several 100 nm), high pore densities (ranging from 109 to 1012 cm�2),
and high aspect ratios (>20). By using the porous AAO as templates, various nan-
ometer sized materials, including metals, semiconductors, organics and polymers,
have been reported [19–21].

There are several significant properties of AAO materials. It is an inorganic and
porous material, and almost transparent and colorless in visible region. According to
these properties, AAO film is a good candidate as the alignment layer of liquid crys-
tal displays. T. Maeda and K. Hiroshima had demonstrated the vertical alignment of
liquid crystal molecules on AAO films [22,23]. In our previous work [24], the pore
sizes of the AAO films can be controlled by using different anodizing voltages.
The conoscopic pattern, the pretilt angle and the polar anchoring strength of the
liquid crystal cells with non-uniform and uniform porous AAO thin film have been
examined. It is shown that all these different AAO films are good vertical alignment
layers. However, the anchoring strength depends on anodizing condition. Recently,
we also sucessfully integrated the porous AAO thin film and liquid crystal on the
ITO glass substrate for applying the external electric field [25]. The demonstrated
liquid crystal panel has a transmittance of 60–80%, and the threshold voltage is
3Vrms with a response time of 62.5 ms.

In this work, the alignment characterizations of the etched AAO thin films with
different etching time have been studied. By using the etched AAO film as the align-
ment layer, both homeotropic and homogenous alignment of the liquid crystal cell
have been demonstrated. In order to investigate the alignment mechanism, the mor-
phology and the transmittance of the etched AAO thin film have been measured in
Section 3.1 and 3.2. After using the etched AAO thin films as the alignment layers,
the transmitted and conoscopic images of the liquid crystal cell, and the polar
anchoring strength have been observed in Section 3.3 and 3.4. Finally, a possible
alignment mechanism has been proposed in Section 3.5.

2. Experimental Methods

2.1. Sample Preparation

Figure 1 shows the scheme of the preparation procedure of the etched AAO thin film
with different etching time. The porous AAO is formed by anodizing aluminum thin
film or aluminum foil in acid electrolytes. The display-grade glass substrates (Wintek
Corporation, Taiwan) coated with indium tin oxide (ITO) on one side were used.
The AAO films were fabricated on the side of the substrates without the ITO coat-
ing. First, a pure aluminum (99.99%) films were evaporated on the cleaned glass sub-
strates by a thermal coating system. The thickness of the aluminum film was about

LC Alignment Properties on Etched AAO Thin Film 101=[1089]

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 ]

 a
t 1

8:
55

 2
4 

A
pr

il 
20

14
 



500 nm. Then, the aluminum film was anodized under a constant voltage with 3wt%
oxalic acid (H2C2O4) aqueous solution in a home-made electrochemical trough. The
temperature of the anodic solution was controlled at 6.0� 0.5�C. A platinum plate
was used as the cathode. By using a voltage sourcemeter (Model 2410 sourcemeter,
Keithley), the dc anodizing voltage was controlled at 40V and the anodizing current
was monitored simultaneously.

After the anodizing process finished, the AAO thin film was etched by a mixture
of chromic acid (1.5wt% H2CrO4) and phosphoric acid (6wt% H3PO4) at 60

�C. The
etching time was controlled between 1.5 minutes and 6.0 minutes. The etching pro-
cess not only etchs the AAO thin film from top to bottom, but also thins out the wall
of the AAO cylinder. By this process, the thickness and the pore diameter of AAO
thin film both can be modified.

2.2. Examining Methods

By using the field emission scanning electron microscope (FESEM: HITACHI
S-4700i), the morphology and the nanostructure of the porous AAO thin film were
observed. All of the AAO thin films were evaporated thin platinum layer to reduce
charging effects. The thickness of AAO thin film can be measured by examining the
cross-view of the AAO FESEM image.

In order to use the AAO thin film as the alignment layer, the transmittance of
AAO thin films in visible region are very important. The transmittance of AAO thin
films are taken by using a UV-Visible spectrometer (Oceanoptics, model ISS-UV-
VIS and USB2000) with air as the reference.

Finally, the alignment characterization of the AAO thin film is necessary to be
investigated. The investigative liquid crystal cell is made by putting together a pair of
glass substrates with the AAO film face to face. The nematic liquid crystal, 5CB
(from Merck co.), was filled into the cell in the isotropic phase (above 36�C). The

Figure 1. the scheme of the preparation procedure of the etched AAO thin film.
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thickness of liquid crystal layers is 23 mm. The liquid crystal alignment in the cell is
examined with a polarizing microscope. The cell is put between a pair of crossed
polarizers. By using the polarizing microscope, the transmitted image and the cono-
scopic image can be examined at the nematic phase (room temperature, around
25�C). The conoscopy is a useful optical method to analyze the alignment of the uni-
axial crystals by observing the interference image [26]. Furthermore, the polar
anchoring strength characterizes the surface energy ability out of the substrate plane.
By applying the magnetic field on the vertical alignment cell, the polar anchoring
strength can be determined from the transmittance, which is a function of applied
magnetic field above the threshold magnetic field [27].

3. Results and Discussion

3.1. Morphology of the Etched Anodic Aluminum Oxide Surface

Figure 2 shows the FESEM image of the etched AAO thin film with different etching
time. The top view images are shown in left column, and the side view images are
shown in right column. When the etching time is 0 minute, the FESEM image
(Fig. 2, part 1) also shows the fine crack-like structures connecting irregular small
pores. After immersing the AAO thin film in the etching solution, the nanoporous
structure is appeared in FESEM image. When the etching time increased, the pore
diameter significantly increased and the thickness of the wall of the AAO cylinder
decreased. In addition, at 3.0 minutes, the FESEM image (Fig. 2, part 2) shows a
different image. There are some clusters of nanorods with some hexagonal curve
on the bottom of these clusters. When the etching time is longer than 3.0 minutes,
the wall of the cylinder is too thin to maintain the cylindrical structure. According
to Figure 2, part 3, it shows that the cylindrical structure collapsed and the hexag-
onal curve surface still remained when the etching times are longer than 3.5 minutes.
Although the cylindrical structure was broken down, the porous structure still
remains and the walls of cylinder become thousands of nanotip structures.

Figure 3 shows the relationship between the diameters of the pores and the etch-
ing time. Batch A and Batch B are fabricated with the same condition. The pore sizes
of AAO thin films of Batch A and Batch B are consistent. If the etching time is less
than 3.0 minutes, the pore sizes are almost proportional to etching time. When the
AAO thin films were etched with longer etching time, the pore sizes become larger.
However, the etching time is longer than 3.0 minutes, the pore diameters slightly
decrease from 92 nm to 81 nm.

According to the side view image, it is easy to measure the thickness of the
etched AAO thin film with different etching time, shown in Figure 4. The thickness
of the AAO thin film etched with between 1.5 and 3.0 minutes remain around
450 nm. The thickness has a sudden drop at 3.5 minutes. When the etching time is
longer than 3.5 minutes, the thickness becomes less than 50 nm.

3.2. Transmittance of the Anodic Aluminum Oxide Layer

In order to use the AAO thin film as an alignment layer, the transmittance of the
AAO thin film in the visible region is significantly important. Figure 5 shows the
transmittance of the AAO films on the ITO glass substrate as a function of wave-
length from 300 to 1000 nm. The cut off wavelength at 350 nm is due to absorption
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of the ITO glass substrate. For all etched AAO films with different etching time, the
transmittance is about 65% over this spectral range. In comparison, the transmit-
tance of the substrates with ITO thin film on the back side is around 80%. In
Figure 5(a), the ripples of the spectral transmittance for the AAO films with the etch-
ing time between 0.0 and 3.0 minute are attributed to the interference effects of the
films which thickness are around 450 nm. When the etching time is longer than 3.5
minutes, the AAO surfaces only remain the nanotips structure and there is no ripple
in the spectrum. According to the transmittance, all of the etched AAO thin films are
highly transparent in the visible region.

3.3. Alignment Characterization

According to the previous work [24], the un-etched AAO thin film can provide
the vertical alignment for the nematic liquid crystal. Figures 6(a) and (b) show the
polarizing transmitted images of the liquid crystal cells with the different etched

Figure 2 (Part 1). The FESEM image of the etched AAO thin film with different etching time,
0min, 1.5min, and 2.0min.
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AAO thin films as alignment layers. These liquid crystal cells are observed in a pair of
crossed polarizers. The transmitted images are taken in two orientations of the cell, 45�

with respect to each other. When the etching time is 0min, 3.5min, and 4.0min, the
transmitted images at both 0� and 45� show the same random textures. It means that
the alignment of liquid crystal molecules is not aligned well. On the other hand, for
three liquid crystal cells with etching times, 2.0min, 2.5min and 3.0min, the liquid
crystal cells show the dark state at both 0� and 45�. It indicates that only the AAO
thin films manufacturing by these three conditions can perform as the vertical align-
ment layers. When the etching time is 1.5min, 5.0min, and 6.0min, there is an unex-
pected result. The transmitted images show a dark state at 0� and a white state at 45�.
It shows the homogenous alignment characterization and is different from the other
liquid crystal cells with the AAO alignment layers. For the further investigation of
the alignment characterization, the conoscopic images were taken.

Figure 6(c) shows the conoscopic images of the same liquid crystal cells with the
etched AAO alignment layers. In principle, the cross or parabolic textures show that

Figure 2 (Part 2). Continued, with etching time, 2.5min, 3.0min, and 3.5min.
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Figure 2 (Part 3). Continued, with etching time, 4.0min, 5.0min, and 6.0min.

Figure 3. The relationship between the diameter of pores and the etching time. (Figure
appears in color online.)
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the liquid crystal cell was vertically or homogenously aligned, respectively.
In Figure 6(c), the cross textures are shown for the liquid crystal cell with etching
times, 2.5min, 3.0min, and 3.5min. It is consistent with the transmitted images
and indicates that these three liquid crystal cell are good vertical alignment cell.
For 1.5min, 5.0min, and 6.0min, they are neither the cross texture nor the parabolic
texture and the alignment characterizations are not clearly sure, yet. Further
research about the alignment mechanism has been progressed.

3.4. Polar Anchoring Strength Analysis

According to the previous section, the etched AAO thin film with the etching time
from 2.0min to 3.0min can vertically align nematic liquid crystal. In order to char-
acterize the alignment ability of the etched AAO thin film, the polar anchoring
strength has been measured. The polar anchoring strength is measured by using

Figure 4. Thickness of the etched AAO thin films with different etching time.

Figure 5. Transmittance of the ITO substrates with the etched AAO films with different etch-
ing time. (Figure appears in color online.)
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Figure 6. (a) The polarizing transmitted images at 0�, (b) at 45� and (c) the conoscopic images
of the liquid crystal cells with the etched AAO thin film as the alignment layer. (Figure appears
in color online.)
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the magnetic field method [27]. The beam size of the detected light in the polar
anchoring strength measurement is around 1mm, and the selected area is uniform
and without any defects. Figure 7 shows the relationship between the polar anchor-
ing strengths of the liquid crystal cell cells and the etching times of these cells are
2.0min, 2.5min and 3.0min. In Figure 7, the data dots are the average anchoring
strength, and the error is the standard deviation. The different data dots with the
same etching time are the polar anchoring strength in different liquid crystal cell with
the AAO alignment layer with the same etching time. It clearly shows the etched
AAO thin films with shorter etching time have stronger polar anchoring strength.
The aspect ratio can be defined as the thickness of the etched AAO thin film divided
by the diameter of pores. According to Figures 3 and 4, the relationship between
the polar anchoring strength and the aspect ratio can be redrawn as shown in

Figure 8. The relationship between the polar anchoring strength and the aspect ratio.

Figure 7. The relationship between the polar anchoring strength and the etching time.
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Figure 8. It clearly shows that the etched AAO thin film with higher aspect ratio has
higher polar anchoring strength.

3.3.5. Possible Alignment Mechanism

The alignment of liquid crystal molecules depend on the surface morphology and the
surface tension energy. Depending on the surface tension energy of the AAO
material, the liquid crystal molecules tend to align parallel to the AAO surface.
The aspect ratio R is defined as thickness=diameter, l=2r. Considering a perfect cyl-
inder, the total area of the wall is 2prl, where r and l are the radius and depth of the
cylinder, respectively. The total area can be rewritten as 4pr2R. Assuming the pore
sizes are constant, the porous AAO thin films with higher aspect ratio have larger
surface area at out-of-plane direction. The liquid crystal molecules are affected by
the AAO surface at not only in-plane but also out-of-plane direction. Therefore,
the alignments of liquid crystal molecules depend on the ratio of the in-plane area
to out-of-plane area of the porous AAO surface. The surface property of the
AAO material is dominated the alignment property, and the porous structures mod-
ify the alignment ability. For porous AAO thin films which contain high aspect ratio
pores array, the area at out-of-plane direction is much larger than that at in-plane
direction. The liquid crystal molecules are aligned homeotropically by the out-of-
plane surfaces. Resulting in the AAO thin films are as the vertical alignment layer.
However, when the etching time is 1.5min, the smaller pores can not fill in the liquid
crystal. The liquid crystal cell exhibits as a homogenous alignment cell. For 5.0min,
and 6.0min, most of the pore array has been etched, and the liquid crystal molecules
align parallel to the substrate. It is the most possible alignment mechanism of liquid
crystal on the porous AAO thin film.

4. Conclusions

The morphology and the alignment properties of the etched AAO films with differ-
ent etching time have been investigated. Because the etching process is perpendicular
to the AAO surface, both the thickness and the pores diameter of the etched AAO
thin film can be modified, and the aspect ratio is controllable. When the etched walls
of the AAO pores are too thin, the wall will collapse, and the hexagonal pores array
will be removed. The hexagonal curve surface can not perform as the alignment
layer. Both homeotropic and homogenous alignment properties are observed on
the etched AAO thin films. The AAO thin film with higher aspect ratio has higher
polar anchoring strength. The further research about the mechanism of the align-
ment on the etched AAO thin film is under processed.
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