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A transflective liquid crystal display using polymer-stabilised vertical alignment mode with fishbone-shaped electrode structure is proposed. Using the polymer stabilisation technique and patterned direction of pixel electrode
structure, initial surface tilt angle and azimuthal angle can be well defined such that the liquid crystal is almost
vertically aligned in the transmissive part while it has a certain pretilt angle that satisfies effective retardation of
λ/4 with azimuthal direction of 45o with respect to the analyser in the reflective part. With optimisation of cell
structures and surface tilt angles in the transmissive and reflective parts, a high performance transflective display
showing excellent readability in any environment light conditions and single-gamma characteristic without using
any retardation film or in-cell retarder can be achieved.
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1. Introduction
Liquid crystal displays (LCDs) have become the most
commonly used not only in portable devices such as
smart phones, tablet personal computers (PCs) and
notebook PCs, but also in monitors, public information displays (PIDS) and televisions. Transflective
LCDs are highly important devices in the portable displays and PIDs because they can exhibit a high image
quality in any light environmental conditions. The
required performance of transflective LCDs is good
sunlight readability with sufficient brightness, low
power consumption, wide-viewing angle and touch
sensitivity. A number of studies have been made using
several modes such as twisted nematic (TN) [1, 2],
electrically controlled birefringence (ECB) [3–5], vertical alignment (VA) [6–11], fringe-field switching (FFS)
[12–18] and in-plane switching (IPS) [19, 20]. Among
them, liquid crystal cells driven by VA mode have
merits in that it shows excellent dark state at normal
direction and does not require a mechanical rubbing
process on alignment layers. Many cell structures in
transflective LCDs with VA mode have been proposed
but still have some serious disadvantages such as use
of a circular polariser, a multi-cell gap and use of
compensation films.
To solve these problems, we propose a new concept
of the transflective LCD using VA mode which adopts
a fishbone-shape electrode and polymer stabilisation
process. In the device, to achieve the transflective LCD
without compensation film or in-cell retarder, the LC

director is almost vertically aligned in the transmissive
(T) part while it is aligned with an azimuthal angle
of 45◦ with respect to the analyser in the reflective
(R) part having a high surface pretilt angle (θ p ) sufficient to allow retardation of λ/4 in the R-part to
achieve a single cell gap. The surface pretilt angle is
formed through polymerisation of an UV curable reactive mesogen (RM) [21–24] at the surface when the
voltage is applied.

2. Switching principle and cell condition
Figure 1 shows a top and cross-sectional view of the
proposed single gap transflective LCD using VA mode
with a fishbone-shaped electrode structure. This structure uses a plane common electrode on a top substrate
and a fishbone-shape pixel electrode on a bottom
substrate. The directions of the pixel electrode are patterned to 45◦ , 135◦ , 225◦ and 315◦ , respectively. With
bias voltage between the pixel and common electrodes,
oblique electric fields, which have vertical and horizontal components, are generated and the vertically
aligned LC director tilts downward along patterned
electrode directions, that is, the LC director tilts in four
diagonal azimuthal directions in the T-part whereas
it tilts in two azimuthal directions in the R-part. In
addition, the reflective electrode that is formed during
gate electrode patterning exists below the pixel electrode with an embossing pattern above the electrode
that plays diffuse reflection in the R-part [16, 25].
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Figure 1. Schematic cell structure of the proposed transflective LCD driven by vertical electric field: (a) top and (b) crosssectional view.

In the T-part, the transmittance (T T ) of the cell
with a birefringent medium under two crossed polarisers is given by:
2

2

TT = To sin (2ψ) sin (π dneff /λ)

(1)

where ψ is an angle between the polariser and LC
director, d is a cell gap and neff is the effective birefringence of the LC layer and λ is wavelength of an
incident light. In the R-part, the reflectance (RR ) of
the cell with a birefringent medium under a linear
polariser is given by:
RR = Ro cos2 (2π dneff /λ)
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Figure 2. Optical cell configurations of the proposed
transflective LCD: (a) T-part and (b) R-part.

(2)

Therefore, the reflectance of the cell can be controlled by having an effective retardation layer of the
LC layer, dneff . If it is equal to λ/4, the cell appears
to be dark, and if it is equal to λ/2, it gives rise
to a white state. However, because neff is strongly
wavelength-dependent, neff should be optimised for
each wavelength to achieve a good dark state. Here,
the initial retardation of LC layer in the R-part can
be adjusted by controlling the surface θ p of the liquid crystal. It was known that a high surface θ p of
the liquid crystal on the vertical alignment layer can
be achieved by polymerisation of the ultraviolet (UV)
curable RM under a certain bias voltage as shown in
Figure 1(b) and thus the effective cell retardation in the
R-part can become λ/4 [18, 26].
The optical configuration of the proposed single cell gap transflective LCD using the VA mode
with fishbone-shaped electrode structure is shown in

Figure 2. In the T-part, the transmittance axes of
polariser and analyser are 0◦ and 90◦ , respectively, and
the LC directors are vertically aligned. In the absence
of voltage, the linearly polarised light through the
polariser passes through the LC layer without change
of polarisation state. Thus it is blocked by the analyser, which results in a dark state. With a bias voltage,
the LC directors are tilted down with four different
azimuthal directions of 45◦ , 135◦ , 225◦ and 315◦ in
each domain.
As a result, a white state is achieved with a condition of dneff = λ/2. In the R-part, the optic axes
of the LC layer with λ/4 retardation make 45◦ and
135◦ with respect to the analyser, respectively, and the
reflective electrode plays a role of a reflector. In the
absence of voltage, the linearly polarised light through
the analyser becomes circularly polarised after passing along the LC layer with λ/4 phase. After reflection,
the circularly polarised light passes along the LC layer

Liquid Crystals
again and becomes linearly polarised with a 90◦ rotation. Then, the R-part appears to be dark. With a
bias voltage, dneff can be increased from λ/4 to
λ/2 because the LC with negative dielectric anisotropy
is used in the VA mode. In such a case, a linearly
polarised light through the analyser becomes linearly
polarised with a 90◦ rotation after passing along the
LC layer and, after reflection, this light passes along
the LC layer again, becoming linearly polarised with
its axis coinciding with transmittance axis of analyser,
giving rise to a white state.

913

voltage-dependent T T and RR curves do not match.
The second is that there is relatively large light leakage
in the R-part due to wavelength dispersion.
Figure 4 shows the optimised structure in the
transflective LCD in order to solve those problems.
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3. Results and discussion
For electro-optic calculations, a commercially available LCD simulator (Shintech, Japan) was used.
In both T- and R-parts, the width of each electrode
in a fishbone-shaped pixel electrode is 4 µm and the
distance between its electrodes is 4 µm. The cell gap
of both the T- and R-parts in the first proposed cell
structure is 4 µm, as shown in Figure 1(b). Here, a
nematic LC with physical parameters such as dielectric
anisotropy ε = −4, elastic constants K 1 = 13.5 pN,
K 2 = 6.5 pN, K 3 =15.1 pN, and birefringence n =
0.09 has been used, and the surface θ p of the LC is
89◦ and 51◦ in the T- and R-parts, respectively. Here,
for calculating the RR and TT , a 2 × 2 extended
Jones matrix was used [27]. The T T s for single and
parallel polarisers are assumed to be 41% and 35%,
respectively.
The dark state characteristics of the device were
analysed by calculating iso-luminance curves in light
leakage according to surface θ p and voltage-dependent
RR and T T curves in all wavelengths as shown in
Figure 3. The minimum light leakage in the R-part
is found to be 2.4% when θ p = 51◦ on both top and
bottom substrates in all visible wavelengths as shown
in Figure 3(a). Figure 3(b) shows that the operating
voltages are 5 V and 2.4 V in the T- and R-parts,
respectively. Here, there are two issues. The first is that
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Figure 4. Schematic cell structures of single cell-gap
transflective LCD with different surface pretilt angles in red,
green and blue regions in the R-part.
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Figure 5. Light leakage according to surface pretilt angles
at three different incident wavelengths in red, green and blue
regions in the R-part.
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Figure 3. (a) Light leakage according to surface pretilt angles in the R-part and (b) voltage-dependent RR and T T curves at all
visible wavelengths.
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Figure 6. (a) Voltage-dependent RR and T T curves according to the pretilt angle and thickness of insulator layer in the T- and
R-parts, respectively (b) normalized voltage-dependent RR and TT curves in the optimum gamma curve.

To obtain a single gamma curve, the thicknesses of
the cell and colour filter in the T- and R-parts are set
unlike and the insulator (I) was coated between the
common electrode and vertical alignment layer in the
R-part to make the cell gap different. In addition, conventional transflective LCDs have the same thickness
of colour filter in the T- and R-parts which causes a
different colour gamut in them because the light passes
through the R-part twice. However, the optimised cell
structure with a dual thickness of colour filter in the
T- and R-parts will exhibit the same colour gamut in
both.
In addition, we have further optimised the effective
phase retardation value of the LC layer to minimise
wavelength dispersion in the R-part. In order to match
dneff = λ/4 at all wavelengths, surface pretilt angles
in each red (650 nm), green (550 nm) and blue (450 nm)
pixels are adjusted to be 42◦ , 47◦ and 53◦ when cell
gap is 3.5 µm in the R-part. Such different pretilt
angles can be easily achieved by applying different
applied voltages in each pixel before UV exposure [18].
As shown in Figure 5, the light leakage is minimised
with optimised pretilt angles in each pixel. From this
result, we confirmed that the drop ratio of light leakage is 93% compared to the R-part with non-optimised
pretilt angle.
Figure 6 shows calculated voltage-dependent RR
and T T curves as a function of thickness of I in the
R-part and θ p in the T-part and normalised voltagedependent RR and T T curves to obtain an optimum
single gamma curve in the T- and R-parts. As clearly
indicated in Figure 6(a), when I = 1 µm in the R-part
and θ p = 87◦ in the T-part, the normalised voltagedependent RR curve in the R-part is better matched
to the normalised voltage-dependent T T curve in the
T-part than other cases as shown in Figure 6(b).
Though we can have better matching curves between
voltage-dependent T T and RR curves with a lower
value of θ p in the T-part, such an approach causes a
slight increase in light leakage in the dark state of the

T-part. The increasing ratio of light leakage when θ p =
87◦ is about 1.7% compared to light leakage when θ p =
89◦ in the T-part. Therefore, the cell parameters could
be chosen depending on the device’s requirement if the
high RR or single gamma curve is favoured or a high
contrast ratio in the T-part is favoured.
4. Conclusions
A transflective vertical alignment liquid crystal display utilising a fishbone-shaped electrode and surface
polymer stabilisation technology has been proposed.
To achieve a good dark state and a single gamma
curve, the surface pretilt angle on the each colour area
of red, green, and blue in the reflective part was optimised and the insulator layer and pretilt angle in the
reflective and transmissive parts are controlled, respectively. This new mode is expected to show a wideviewing angle characteristic and good image quality
without any compensation film or in-cell retarder.
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