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Symmetric-viewing liquid crystal display with alternating alignment layers in an
inverse-twisted-nematic configuration
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A symmetric-viewing inverse-twisted-nematic (ITN) liquid crystal display (LCD) with alternating alignment layers was
developed using a stamping-assisted rubbing (SAR) technique. A patterned layer of a fluorinated acrylate polymer was
transferred onto the first rubbed vertical-alignment layer prepared on a substrate by stamping. The fluorinated acrylate
polymer provided a protective layer covering the first rubbed alignment layer during the second rubbing process, which
promoted the vertical alignment of the LC molecules. The LC cell in the ITN geometry with two orthogonally rubbed
alignment layers showed symmetric-viewing characteristics with fourfold symmetry. The SAR technique was shown to be
a mask-free alignment method of producing multidomains for symmetric-viewing LCDs.
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1. Introduction
Liquid crystal displays (LCDs) based on the twisted-
nematic (TN) mode have been widely used for flat panels
in portable TVs and laptop computers due to their rela-
tively simple and cost-effective manufacturing. The con-
ventional TN mode resulting from the positive dielectric
coupling of a nematic LC (NLC), however, has several
disadvantages such as a limited contrast ratio, wavelength
dependence, and narrow viewing characteristics. It is known
that an inverse TN (ITN) mode [1,2] shows high con-
trast because of the complete extinction under crossed
polarizers, giving a dark state, in the initial homeotropic
alignment of the LC molecules. Moreover, the ITN mode
exhibits wavelength independence in the white state, but
still suffers from asymmetric-viewing properties. There-
fore, a new symmetric-viewing technology applicable for
the ITN mode needs to be developed for high-performance
LCDs.

In this work, a stamping-assisted rubbing (SAR)
method [3,4] of producing alternating alignment layers for
a symmetric-viewing ITN-LCD with multidomains was
developed. A patterned protective layer of a fluorinated
acrylate polymer was transferred onto the first rubbed
alignment layer prepared on a substrate by stamping. The
fluorinated acrylate polymer covered the first alignment
layer during the second rubbing process, which promoted
the vertical alignment of the LC molecules. The regions
covered with the patterns of the protective polymer layer
preserved the initial alignment generated through the first
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rubbing process. As shown in Figure 1, the LC cell was
assembled such that the rubbing directions on the two
substrates were perpendicular to each other, so that four
different ITN domains corresponding to two clockwise and
two counterclockwise directions were produced. Both splay
and twist deformations were involved in the four domains
(4Ds). As a consequence, the twist directors of two adjacent
domains were different from each other [5].

The basic structure and operation principles of the devel-
oped 4D ITN-LC cell are shown in Figure 1. The inner
surfaces of the two substrates were treated to promote the
initially homeotropic alignment of the LC molecules [6].
An NLC material with a negative dielectric anisotropy
was placed between the two rubbed substrates. Note that
a certain amount of molecular chirality was introduced to
generate a desirable amount of natural twist in the presence
of an applied voltage (V ). In the dark state, the homeotrop-
ically aligned NLC cell blocked the incident light under
crossed polarizers. When a voltage above the Fredericks
threshold (Vth) was applied, the LC molecules tended to
orient along the direction perpendicular to the applied elec-
tric field, and twist distortions of the LC occurred in an
activated bright state along different directions in the alter-
nating rubbed domains. For V > Vth, the incident light
passed through the crossed polarizers, and the resultant light
transmission varied with the magnitude of the applied volt-
age. The directions of the LC molecules in the dark and
bright states are schematically shown in Figure 1(c) and
(d), respectively.
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Figure 1. Schematic diagram and operation principle of the 4D
ITN-LC cell: the alternating rubbing directions and the LC align-
ment (a) under no applied voltage (a dark state) and (b) in the
presence of an applied voltage (a bright state) and the directions
of the LC molecules (c) in the dark state and (d) in the bright state.

2. Experimental considerations
The SAR method of producing alternating alignment
is shown in Figure 2. The vertical-alignment layer of
polyimide (PI) (AL60702, Japan Synthetic Rubber) was
first spin-coated onto a substrate and then rubbed uni-
directionally to promote the vertical alignment with a
uniform pre-tilt of the LC molecules. For the second
rubbing process along the direction opposite to the first
rubbing direction, a protective layer (Novec EGC-1700,
Sumitomo 3M) prepared on a patterned stamping mold of
poly(dimethylsiloxane) (PDMS, GE silicones) was trans-
ferred onto the first rubbed PI by stamping and was subse-
quently cured at room temperature. Note that EGC-1700, a
fluorinated acrylate polymer dissolved in a hydrofluoroether
solvent, did not chemically affect the alignment layer. The
second rubbing process was then performed on the regions
that were not covered with the protective layer along the
direction opposite to the first rubbing direction. The sub-
strate was rubbed five times to ensure the saturation of the
tilt bias angle [7]. The protective layer was finally dissolved
in the hydroflouroether solvent (Novec HFE-7100, Sumit-
omo 3M), and alternating alignment was readily achieved.
For the fabrication of the ITN-LC cell, two substrates with
an alternating alignment layer were assembled such that the
rubbing directions on the two substrates were perpendicular
to each other. The cell thickness was maintained using 5 μm
thick glass spacers. The LC (MLC-6608, Merck Ltd) with a
negative dielectric anisotropy was injected into the cell by
capillary action at room temperature. The birefringence and
the dielectric anisotropy of MLC-6608 were �n = 0.083
and �ε = −4.2, respectively. A square-wave voltage at a

Figure 2. SAR technique for achieving the alternating alignment
of LC: a stamping process involving transferring the protective
layer of a fluorinated acrylate polymer onto the first rubbed align-
ment layer, the substrate with the protective layer on top of the first
alignment layer, the second rubbing process on the first alignment
regions that are not covered with the protective layer, the fabri-
cated bidirectional alignment layer, and two substrates assembled
such that the rubbing directions are perpendicular to each other.

frequency of 1 kHz was applied to the ITN-LC cell to mea-
sure the electrooptical (EO) transmission and the response
times. The measurements were carried out using a digitiz-
ing oscilloscope (WaveRunner 6030, Lecory) and a light
source of a He–Ne laser with the wavelength of 632.8 nm
at room temperature.

Figure 3. Microscopic textures of the 4D ITN-LC cell with two
alternating alignment layers observed under crossed polarizers at
different voltages: (a) 0 V; (b) 2 V; (c) 3 V; and (d) 5 V.
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3. Results and discussion
The microscopic textures of the ITN-LC cell with 4Ds due
to the alternating alignment in Figure 3 were observed with
a polarizing optical microscope (Optiphot2-pol, Nikon)

Figure 4. EO characteristics of the 4D ITN-LC cell: (a) EO trans-
mittance and (b) dynamic response as a function of the applied
voltage in the square-wave form. The rising and falling times
(τr = 28 ms and τf = 25 ms) were measured at 4 V. The dark
and gray curves represent the dynamic response and the applied
voltage, respectively.

under crossed polarizers at different applied voltages. In
the absence of an applied voltage, the LC molecules were
vertically aligned, as shown in Figure 1(a). Thus, under
crossed polarizers, no light propagated, and a completely
dark state was obtained, as shown in Figure 3(a). At 2 V,
which was above Vth, the transmission slightly increased,
as shown in Figure 3(b). At 3 V, the LC molecules were
partially twisted, and the transmission further increased,
as shown in Figure 3(c). At a relatively high voltage of
5 V, the LC molecules were mostly twisted in the plane of
the substrate, and a bright state was obtained, as shown in
Figure 3(d). It should be noted that four disclination lines
enclosing each square pattern separated the four different
domains. The adjacent domains were the oppositely twisted
domains. This can be well understood from Figure 1(d).
The small difference in brightness observed in Figure 3(d)
indicates that the first and second rubbing processes were
not identical. Due to the physicochemical nature of the
PI that was used, the LC alignment after the first rubbing
seemed dominant over that after the second rubbing. Mean-
while, as the thickness of the fluorinated acrylate polymer
was at most 100 nm (much less than the cell thickness of
5 μm and the wavelength of visual light, typically 500 nm),
it is negligible for the brightness difference arising from the
cell thickness difference. As a consequence, a difference
in brightness was observed. Moreover, non-uniformity in a
single domain often appeared.

Figure 4 shows the normalized EO transmission and
the dynamic response of the 4D ITN-LC cell in the pres-
ence of a bipolar voltage in a square-wave form at 1 kHz.
The EO properties were measured as a function of the
applied voltage under crossed polarizers. Irrespective of the
small difference in brightness among the 4Ds, as shown in
Figure 4(a), the EO curve shows continuous gray scales,
and the contrast ratio was found to be about 50:1. In
Figure 4(b), the black and gray curves represent the EO
response of the ITN-LC cell and the applied voltage, respec-
tively. It was found that the rising time was τr = 28 ± 2 ms
and that the falling time was τf = 25 ± 2 ms at an applied

Figure 5. Iso-contrast contours: (a) a conventional ITN-LC cell and (b) the 4D ITN-LC cell with two alternating alignment layers.
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voltage of 4 V, without any driving compensation. This
switching speed range will be further improved using a
fast-response LC material for high-speed applications.

The viewing angle characteristics of the ITN-LC cell,
measured at 4 V using a spatial photometer (EZ contrast
160R, ELDIM), are shown in Figure 5. A conventional
ITN-LC cell with a single domain exhibits asymmetric
and relatively narrow viewing properties, as shown in
Figure 5(a). In contrast, the 4D ITN cell without any com-
pensation film showed quite symmetric-viewing properties
with respect to the axes of the polarizers in the vertical
and horizontal directions. This is attributed to the optical
compensation among the four differently twisted domains
produced by the alternating alignment in the ITN geometry,
as shown in Figure 1(d).

4. Conclusion
Demonstrated herein was a symmetric-viewing ITN-LCD
with 4Ds due to two alternating alignment layers produced
via SAR. With the help of an inert protective layer of a
fluorinated acrylate polymer, the second rubbing process
was successfully employed without causing any mechan-
ical and chemical damage to the first rubbed alignment
layer. The ITN-LC cell with 4Ds presented here showed
continuous gray scales with good linearity as well as the

symmetric-viewing characteristics that are needed for high
image quality. The SAR approach is basically mask-free and
has a potential for the simple and cost-effective fabrication
of large ITN-LCDs.
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