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A multidomain vertical alignment liquid crystal display �MVA LCD� with reduced color shift is
proposed. Each pixel is divided into a main region and a subregion. A thin electric shielding layer
is embedded in the subregion to generate a higher threshold voltage than that of the main region. As
a result, the final gamma curve is a superposition of two different-shaped gamma curves. Such a
MVA LCD exhibits a reduced color shift while only requires a single thin-film transistor. Its
potential application for LCD TVs is emphasized. © 2008 American Institute of Physics.
�DOI: 10.1063/1.2838752�

For large-screen liquid crystal displays �LCDs�, high
contrast ratio, wide viewing angle, and excellent color per-
formance such as small color shift and good angular-
dependent color uniformity all have to be satisfied
simultaneously.1 Multidomain vertical alignment �MVA�
LCDs exhibit a high contrast ratio and wide viewing angle
and have become the mainstream approach for LCD TVs.
Currently, four-domain and eight-domain VA liquid crystal
�LC� configurations are commonly practiced by the adoption
of protrusions or slits on the device substrates.2 With the help
of compensation films, the viewing angle of a MVA-LCD
can reach over 100:1 at the �80° viewing cone.3 However,
as compared to the multidomain in-plane switching mode,4,5

MVA has inferior performances in color shift and angular
color uniformity. Especially, MVA shows an evident gamut
curve distortion at the large oblique viewing angles.6

Some approaches, such as capacitive coupled method
and two thin-film-transistor �TFT� method, have been pro-
posed to improve the gamma curve of a MVA LCD.7,8 Al-
though these methods can reduce the off-axis color shift, the
required electronic circuit is rather sophisticated. Moreover,
using two TFTs would reduce the aperture ratio which, in
turn, lowers the optical efficiency and increases the power
consumption.

In this paper, we propose a dual threshold voltage
method for reducing color shift. In our design, each unit
pixel is divided into a main pixel and a subpixel. In the
subpixel, a thin electric shielding layer �ESL� is embedded.
This ESL shields a portion of the applied voltage so that the
threshold voltage is higher than that of the main pixel in
which there is no ESL. Besides the reduced color shift, this
MVA LCD only requires a single TFT on each unit pixel. As
a result, the aperture ratio is high which is important for low
power consumption.

Figure 1�a� shows the plane view of the MVA LCD and
Fig. 1�b� shows the schematic cross-sectional view along the
line A-A�, as indicated in Fig. 1�a�. From Fig. 1�b�, the inner
surface of the top glass substrate is deposited with red, green,
and blue �RGB� color filters, and then covered with a layer

of indium tin oxide �ITO� as common electrode. Each com-
mon electrode has a plurality of domain guiding layers,
which are the LC alignment slits formed by the opening
patterns through the photolithographic etching of the trans-
parent common electrode. On the inner surface of the bottom
glass substrate, the ITO electrode is divided into two parts:
main region and subregion, as shown in Fig. 1�b�. In the
main region, ITO is laid on top of an overcoating layer.
While in the subregion, a passivation layer such as silicon
oxides �SiOx� is deposited on top of ITO to work as an elec-
tric shielding layer to screen a portion of the applied voltage.
As a result, the main region has a lower threshold voltage
than the subregion. The unit pixel is driven by a single TFT
�not shown�.

A liquid crystal layer is vertically aligned between the
bottom and top substrates. When the applied voltage exceeds
a threshold, the LC directors are tilted into different direc-
tions with the aid of the domain guiding layers to form mul-
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FIG. 1. �Color online� �a� The plane view of the proposed MVA LCD and
�b� a schematic cross-sectional view along line A-A� in �a�.
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tidomain LC configurations. For the zigzag shaped domain
guiding layers, eight domains are formed: four in the main
region and another four in the subregion because they have
different threshold voltages. A wide view angle can be ob-
tained for the MVA LCD when proper compensation films,
such as uniaxial a and c plates are employed.3

When a voltage V is applied to the LC cell, the effective
voltage across the LC layer �VLC� in the subpixel region is
reduced to VLC=V�CLC / �CLC+CESL�, where CLC and CESL

stand for the capacitance of the LC and ESL, respectively.
The magnitude of this voltage shielding depends on the ESL
capacitance, which is determined by the area of the ESL and
material dielectric constant. For a given dielectric material
employed, we can still obtain the desirable threshold voltage
difference between the main and subpixels by controlling the
ESL thickness. The gamma curve of the whole pixel is a
superposition from those of main and subregions. Moreover,
the area ratio of the main region and subregion offers another
degree of freedom to optimize the final shape of the gamma
curve.

Let us take one example to illustrate the design principle
and device performance. Here, the area ratio between the
main and subregions is varied from 1:1 to 1:4. We assume
the repeated unit pixel size of the proposed MVA LCD is
100 �m �width��300 �m �height� to realize an eight-
domain LC configuration corresponding to a conventional
four-domain MVA LCD with the same pixel size and design
parameters. The slit-type domain guiding layers have zigzag
shapes �as shown in Fig. 1�a�� with width w=12 �m, and the
gap between the neighboring domain guiding layers on the
projection plane is g=35 �m. The flat ESL is made of SiOx,
whose height determines the threshold voltage difference be-
tween the main and subpixels. To obtain a desirable thresh-
old voltage difference between the main and subpixels, we
chose the SiOx height to be h=1.2 �m. The cell gap between
the top and bottom substrates is d=4 �m and a Merck nega-
tive �� LC mixture MLC-6608 �birefringence �n=0.083 at
�=550 nm, dielectric anisotropy ��=−4.2 and rotational
viscosity �1=0.186 Pa s� is aligned vertically to the sub-
strates in the initial state. Its azimuthal angle is 0° and pretilt
angle is 90°.

Figure 2 shows the voltage-dependent luminance curves
through the main region, the subregion, and the whole unit
pixel that consists of both regions. The incident white light
source is from a conventional cold cathode fluorescent lamp
backlight, passing through the RGB color filters before en-

tering the MVA LCD panel which is sandwiched between
two crossed linear polarizers. During calculations, the
wavelength-dependent birefringence9 of the LC material was
taken into consideration. The threshold voltage of the main
region is 2.25 Vrms while the subregion is 2.80 Vrms. It can
be seen that due to the existence of the ESL, the threshold
voltage of the subregion is increased noticeably. Therefore,
the subregion has a lower luminance than the main region
under the same gray level defined by the whole pixel.

To quantitatively characterize the off-axis image quality,
an off-axis image distortion index, D�� ,	�, is defined as7

FIG. 2. �Color online� The simulated voltage-dependent luminance curves
under the white light source at different regions.

FIG. 3. �Color online� Typical gamma curves at different incident angles
with a gamma correction factor �=2.2 in �a� the conventional MVA LCD,
�b� the proposed MVA LCD with main/subarea ratio of 1:1, and �c� the
proposed MVA LCD with main/subarea ratio of 1:4.
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D��,	� =� ��Bi,j�on axis� − �Bi,j�off axis,�,	��

�Bi,j�on axis�
�

i,j=0–255

. �1�

Here, �Bi,j is the brightness difference between the ith and
jth gray levels, and � 	 denotes the average for all cases of
arbitrary gray levels. D�� ,	� is within the range from 0 to 1.
A smaller D�� ,	� implies to a smaller image distortion as
represented from the angular-dependent gamma curves, i.e.,
a better off-axis image quality.

Figure 3 compares the simulated gamma curves of three
different MVA LCDs at different incident angles with a
gamma correction factor �=2.2. Here, the azimuthal angle is
set at 0° and an 8 bit grayscale with 256 gray levels is evalu-
ated. As calculated from Eq. �1�, the conventional four-
domain MVA LCD, as depicted in Fig. 3�a�, has a D value of
0.3510 at �� ,	�= �60° ,0° � viewing direction. Figure 3�b�
depicts the results for the eight-domain MVA LCD with the
main/subarea ratio of 1:1. Its D value is 0.2506 at �� ,	�
= �60° ,0° � viewing direction which is 28.6% improved over
the conventional four-domain MVA LCD. This indicates that
a MVA LCD with dual threshold voltages indeed reduces the
color shift at off-axis viewing directions. The D value can be
further reduced by optimizing the main/subarea ratios. For
example, when the main/subarea ratio is at 1:4, the eight-
domain MVA LCD has a D value of 0.1629. As Fig. 3�c�
shows, the color shift is reduced. However, the effective lu-
minance in the low gray levels is sacrificed because the sub-
region has a larger area and a higher threshold voltage. Since

the proposed MVA LCD only requires a single TFT for the
entire unit pixel, its manufacturing cost should be lower and
aperture ratio higher than that of the two-TFT approach. Our
approach is particularly desirable for LCD TV applications.

In conclusion, we have developed a low color shift MVA
LCD using dual threshold voltages for the main and subre-
gions of a unit pixel. The different threshold voltages can be
achieved by controlling the thickness of the electric shielding
layer in the subregion or the area ratio of the main and sub-
regions. This approach not only reduces the color shift at off
axis but also requires only one TFT for each unit pixel which
improves the aperture ratio.
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