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We present results of optical simulation of a single cell gap transflective liquid crys-
tal display with pi-cell that has two stable states which are parallel aligned LC state
and 180� twisted LC state. Here, the parallel aligned LC state is used for transmis-
sive region coupled with back-light source and operated by horizontal field. On the
other hand, the 180� twisted LC state is used for reflective region coupled with
sunlight or ambient light and operated by vertical field. The simulation shows that
very excellent optical dispersion in both dark and bright states are exhibited.

Keywords Bistable LC; electro-optic effects; pi-cell; transflective LCD

1. Introduction

To display visual information of portable electronic devices such as mobile phone,
digital camera, and personal digital assistants, small size liquid crystal displays
(LCDs) have been used. Transmissive type LCDs, which show very excellent
electro-optical properties in indoor environments have mainly used for such LCDs
even though they are not suitable under bright sunlight [1,2]. Transflective LCDs
improving readability inside and outside are in the limelight at LCD industry due
to their portability and low power consumption [3–5]. In general, for transflective
LCDs, since the light passes twice through the reflective region, in order to obtain
the same amount of retardation in both transmissive and reflective regions, the cell
gap in the transmissive part should be double that of the reflective part. However,
the manufacturing process to produce multi-cell gaps is cumbersome. Moreover,
the response times in both regions are different due to the cell gap difference.
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Bistable LC modes [6–10], especially for ultra-low power consumption such as
bistable twisted nematic (BTN) and zenithal bistable nematic devices (ZBD) have
been applied to realize reflective LCDs [11,12]. However, these modes have substan-
tial limitations, namely that it is difficult to produce various color pictures due to the
limitation of gray level.

We present results of optical simulation of a single cell gap transflective liquid
crystal display with pi-cell that has two stable states which are parallel aligned LC
state and 180� twisted LC state. Here, the parallel aligned LC state is used for trans-
missive part coupled with back-light source and operated by horizontal field as
shown in Figure 1. On the other hand, the 180� twisted LC state is used for reflective
part coupled with sunlight or ambient light and operated by vertical field (Fig. 1).

2. Optical Structure and Theory

2.1. Reflective Region

Figure 2 shows optical configuration of reflective region in LC cell. In reflective
region of the proposed transflective LCD mode, the 180�-twist state is used for

Figure 1. The cell structure of the proposed transflective LC mode. (Figure appears in color
online.)

Figure 2. Optical configuration of the reflective region in the proposed transflective LC mode.
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the maximum bright state. On the other hand, when the LC layer becomes a bend
state which produces k=4 by appropriate vertical fields from twist state, it should
yield the dark state. In this optical configuration for the reflectance, the a1, the angle
between the optic axes of the k=2 film and polarizer and the a2, the angle between the
rubbing direction of k=4 LC layer and the optic axis of polarizer, are determined by
minimum reflectiance condition for all wavelengthes of visible range.

To find the optic axis of the retardation film and the LC alignment for minimum
reflectance, an optical calculation was performed by Jones matrix. Consequently, a1
and a2 which satisfy dark state are 15� and 75�, respectively. As a simple description
about such optical principle, we express dark and bright states of this reflective
region through the polarization of light at each layer. When voltage is 0V between
the electrodes, the light with linear polarization of 0� direction by the polarizer
becomes linear polarized light rotated by 30� after passing through k=2 retardation
film with the optic axis of 15�. After passing twice 180� twisted LC layer by the
reflector, it becomes nearly 30�-linearly polarized light again via elliptical polariza-
tion. Finally, after passing the k=2 retardation layer again, the light returns to the
0�-linearly polarized state which coincides with the optic axis of the polarizer. There-
fore, we can obtain a good bright state. When an appropriate vertical electric field is
applied to the LC cell, LC layer becomes a low bend state with non-twisted state hav-
ing comparatively high tilt angle. In this case, the light with linear polarization of 0�

direction by the polarizer becomes linear polarized light rotated by 30� after passing
through k=2 retardation film layer having the optic axis of 15�. After passing twice
the LC layer of k=4 retardation with the optic axis of 75� by the reflector, it becomes
120�-linearly polarized light. Finally, the k=2 retardation film layer is rotated by 30�

and then, the light becomes 90�-linearly polarized light. Consequently, it is blocked
by the polarizer and becomes dark state.

For reflective mode, the transition from splay to 180�-twist state is achieved via
high and low bend states produced by the stronger vertical field generated from the
top and the bottom electrodes of the reflective region. Since the free energy differ-
ence between the 180�-twist and the low bend states is small [13], it is possible to
be operated by low driving voltage. The normal p cell with low pretilt angle is actu-
ally stable in the splay state. Thus, the splay state has to be converted to bend state
first by applying a critical voltage. After the transition, minimum bias voltage which
is needed to maintain low bend state becomes a driving voltage in the reflective
mode. When field is off, LCs becomes 180� twisted state. The 180� twisted state is
a stable state but has short duration [14]. So it should be refleshed once every ten
minutes at least, which means that LCs should go to bend state by field and come
back in very short time once every ten minutes at least.

2.2. Transmissive Region

Based on the optical structure of the reflective mode, the optical configuration of a
transmissive mode is designed. The dark state of the transmissive region can be
obtained using the splay state, in which the LCs are aligned by 75� with respective
to the transmissive axis of the light-output polarizer combined with bottom k=2 film
and top k=2 film that was used also at the reflective mode, as shown in Figure 3. The
bright state can be achieved when the LC director is rotated by 45� by the horizontal
field. In this case, the input light of 0� linear polarization is rotated by about 90� at
the LC layer. Such horizontal movement of the LC exhibits an optically high
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contrast ratio for all viewing directions due to the absence of polarization changes in
light of the dark state, even when light is obliquely incident.

As the simple optical description in the reflective region, we express dark and
bright states of this transmissive region through the polarization of light at each layer.
When voltage is 0V between the electrodes, the light with linear polarization of 0�

direction by the input polarizer becomes linear polarized light rotated by 30� after pass-
ing through the bottom k=2 retardation film with the optic axis of 15�. After passing k=
2 LC layer with the optic axis of 75�, it becomes 120�-linearly polarized light. And
finally after passing the top k=2 retardation film with the optic axis of 15�, it becomes
90�-linearly polarized light which is perpendicular to the optic axis of the output polar-
izer. Therefore, it becomes dark state. On the other hand, when an appropriate hori-
zontal electric field is applied to the LC cell by in-plane switching, LC director is
rotated azimuthally along to the horizontal field. In this case, the light with linear
polarization of 0� direction by the polarizer becomes linear polarized light rotated
by 30� after passing through the bottom k=2 retardation film having the optic axis
of 15�. After passing k=2 LC retardation layer with the optic axis of 30�, as a result
rotated by 45� from the optic axis of 75� by horizontal electric field, it keeps 30�-linearly
polarized light. Finally, the top k=2 retardation film with the optic axis of 15� returns
the 30�-linearly polarized light to 0�-linearly polarized light. Consequently, it passes
entirely the output polarizer with the optic axis of 0� and becomes a good bright state.

3. Simulated Result

3.1. Reflective Region

In order to confirm the optical characteristics of the proposed transflective LC struc-
ture, we used a commercial LCD simulator, TechWiz LCD which has developed
simulation software for TFT-LCD, to compute electro-optic property numerically.
LC used in this simulation was MLC-6235-000 with Dn¼ 0.1064 (ne¼ 1.5958,
no¼ 1.4894, and De¼ 7.1). The pretilt angle was 5�. So actual birefringence, Dn of
the LC is 0.0962 from a formula expressing the relation between pretilt angle, h
and birefringence, Dn. It is as follow;

DnðhÞ ¼ ne=ð1þ z sin2hÞ1=2 � no; z ¼ ðne=noÞ2 � 1:

Figure 3. Optical configuration of the transmissive region in the proposed transflective
LC mode.
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Therefore, the cellgap d to fit Dnd into k=2¼ 280 nm (k¼ 560 nm as a central wave-
length) is 2.91 um. Here, Dnd ¼k=2 is for the transmissive region. In case of the
reflective region, Dnd ¼k=4 is needed, and it is attained at low bend state with an
appropriate voltage.

Figure 4 is the voltage-reflectance curve of reflective region. It shows that for
transition from 180� twisted state to lowest bend state, just about 2V is needed.
Figure 5 shows spectrum characteristics simulated by 2� 2 Jones matrix method
at the optical configuration of reflective part. As expected, it shows a good disper-
sion properties at each gray level.

3.2. Transmissive Region

Figure 6 is the voltage-reflectance curve in transmissive region showing typical
electro-optical characteristics of IPS mode. Figure 7 shows spectrum characteristics

Figure 4. The voltage-reflectance curve of reflective region in the proposed transflective LC
mode.

Figure 5. Optical dispersion characteristics of the reflective region in the proposed transflec-
tive LC mode. (Figure appears in color online.)
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simulated by 2� 2 Jones matrix method at the optical configuration of transmissive
region. It exhibits good dispersion properties in an entire visible range at dark and
bright states as expected. The resultant electro-optical characteristics of the proposed
transflective liquid crystal display is excellent.

4. Conclusions and Perspectives

We presented results of optical simulation of a single cell gap transflective liquid
crystal display with bistable states that are splay LC state and 180� twisted LC state
obtained from the pi-cell combined with three terminal electrodes. Here, the splay
LC state is used for transmissive region coupled with back-light source and operated

Figure 7. Optical dispersion characteristics of the transmissive region in the proposed trans-
flective LC mode.

Figure 6. The voltage-reflectance curve of transmissive region in the proposed transflective LC
mode.
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by horizontal field, while the 180� twisted LC state is used for reflective region
coupled with sunlight or ambient light and operated by vertical field.

The results of simulation of the proposed transflective liquid crystal display
shows that an excellent optical dispersion in both reflective and transmissive regions
are exhibited and the resultant electro-optical characteristics of it is also excellent. So
we expect that this is applicable to LCD industry. However, there remain some
demerits in our transflective LCD. It cannot easily obtain single gamma character-
istics due to the different LC modes of the reflective and transmissive regions. So,
more complex driving schemes is required to adjust the electro-optic characteristics
of the two modes. Therefore, hereafter, our research work will be concentrated to
overcome this.
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