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Time-Multiplexed Dual-View Display Using a Blue
Phase Liquid Crystal
Jian-Peng Cui, Yan Li, Jin Yan, Hui-Chuan Cheng, and Qiong-Hua Wang

Abstract—A time-multiplexed dual-view display device using a
blue phase liquid crystal is proposed. In this design, a vertical field
switching blue phase liquid crystal display (VFS-BPLCD) panel is
used to achieve high transmittance and fast response. Combined
with a directional backlight module, this device can present two
different images to viewers sequentially. The proposed device has
advantage in full spatial resolution.
Index Terms—Blue phase, dual-view, liquid crystal display
(LCD).
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I. INTRODUCTION

ULTI-VIEW display is a device which can display different images to viewers at different viewing directions.
For example, a dual-view liquid crystal display (LCD) in a car
can display navigation information to the driver and meanwhile
display movie to the passenger. The driver and the passenger can
observe different images because they are viewing the LCD at
different directions. So far, only a few display approaches have
been proposed to achieve this function. These approaches can
be classified into two types: spatial-multiplexed and time-multiplexed dual-view display devices. For spatial multiplexing,
the main pixel of LCD comprises a right sub-pixel and a left
sub-pixel, and two different images are presented to viewers
who are viewing at different directions. Parallax barriers [1]
and lenticular lenses [2] are two typical approaches to route
light from two sub-pixels to different viewing directions. Recently, some single panel spatial-multiplexed dual-view LCDs
have been demonstrated, in which no additional optical elements are needed [3], [4]. However, spatial-multiplexed dualview displays have some problems, such as loss of spatial resolution and crosstalk. Compared with spatial multiplexing, timemultiplexed dual-view display provides two different images to
viewers sequentially, which has no loss of spatial resolution. For
time multiplexing, a LCD panel with fast response time is required due to high refresh rate.
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Fig. 1. Schematic of the proposed dual-view display device structure.

Polymer-stabilized blue phase liquid crystal (BPLC) [5]–[8]
is emerging as next-generation display and photonic technology
[9]–[11] because of its fast response time, isotropic dark state,
and no need for alignment layers. In particular, the fast response
time not only reduces motion blur but also enables color sequential displays.
In this paper, we propose a time-multiplexed dual-view display device using a BPLC. To achieve high transmittance and
fast response, vertical field switching blue phase liquid crystal
display (VFS-BPLCD) panel is used in this design. Combined
with directional backlight module, the device can present two
different images to different viewers sequentially.
II. DEVICE STRUCTURE
) state, BPLC is optically isotropic.
In the voltage-off (
As the applied voltage increases, the Kerr effect-induced birefringence is along the electric field direction, provided that the
employed LC has a positive dielectric anisotropy [12]. For a
VFS-BPLCD [13], [14], the induced birefringence is in the longitudinal direction. Thus, there will be no phase retardation for
the normal incident light; only those at oblique angles can experience a phase retardation effect. Thus, a directional backlight
module [15] is required to provide collimated and oblique incident light.
Fig. 1 shows the schematic of the proposed dual-view display device structure. This device consists of two major components: a directional backlight module and a VFS-BPLCD panel.
In the backlight module, two light sources (1 and 2) are disposed at the left side and right side of the light guide. Shallow
prismatic extraction feature is formed at the bottom of the light
guide, which can reflect the light at two oblique directions. And
a specular reflector is used to recycle the backward extracted
light. This kind of directional backlight has been used in some
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Fig. 2. VT curves of the VFS-BPLC cell at the specified incident angles. Cell
m,
nm, and
C.
gap

stereoscopic display [16]–[18]. The LCD panel is disposed in
front of the backlight module. BPLC layer is sandwiched between two crossed linear polarizers. The absorption axes of the
polarizer and analyzer are set at 45 and
with respect to
axis. To achieve a good dark state, two biaxial films are used
to compensate the light leakage at oblique angles. To couple
the oblique incident light into and out of the BPLC layer, two
coupling films are laminated to the top and bottom of the LCD
panel, respectively. And a protective film is utilized to protect
the top coupling film. Here, is the incident angle and is the
base angle of the prism; and should be complementary in
order to achieve high coupling efficiency. In this design, light
sources 1 and 2 must be synchronized with images 1 and 2 on
the display panel, respectively. When light source 1 is on, the
LCD panel displays image 1 for viewer 1. Similarly, when light
source 2 is on, the LCD panel displays image 2 for viewer 2. As a
result, we can achieve a time-multiplexed dual-view display by
presenting two different images to viewers 1 and 2 sequentially.
III. EXPERIMENTS AND SIMULATIONS
To study the angular dependence of the BPLC cell, we prepared a polymer-stabilized VFS-BPLC cell with 10 m cell gap
using JNC JC-BP01M [19]. The LC host has a birefringence
and dielectric anisotropy
. In our experiment, we used the same setup as [13]. In the device design, the
two polarizers are crossed for normal incident light but become
non-crossed at large incident angles. The two biaxial films are
used to compensate for the light leakage at oblique incident angles. The function of the biaxial films is to rotate the polarization
state so that the incident linear polarization is at 45 to the slow
axis of the BPLC sample under an applied voltage. In the experimental setup, the light is normally incident on the polarizers
to achieve a good dark state. With this experimental setup, the
polarization state is at 45 to the slow axis of the BPLC sample
without compensation. Therefore, the experimental setup can be
used to simulate the device structure. All the electro-optic measurements were conducted at room temperature (
C)
with a He-Ne laser (
nm).
According to extended Kerr effect model, the induced birefringence is expressed as [20]
(1)

Fig. 3. Measured hysteresis of the VFS-BPLC cell at

.

Fig. 4. Measured rise time and fall time of the VFS-BPLC cell.
nm, and
C.

,

where
stands for the saturated induced birefringence and
is the saturated field. Fig. 2 shows the voltage-dependent
(VT) curves of the VFS-BPLC cell at specified incident angles.
Each VT curve is normalized to the transmittance of two parallel polarizers. The solid lines represent the experimental data
and the dash lines represent the fitting curves using (1) with
and
V m at
nm. As the incident angle ( ) increases from 35 to 55 , the on-state voltage
at the peak transmittance decreases from
to 27
. This is because a larger accumulates more phase retardation, which helps to reduce . Furthermore, when
,
the coupling films have the highest coupling efficiency. So we
choose
in the following measurements. However, for
a selected viewing angle
with operating voltage from
0 to 35
, the gray scale inversion appears if the viewing
angle is larger than 45 . Therefore, the backlight is required to
be collimated. Moreover, we can use a light diffuser to make the
output light more uniform.
For polymer-stabilized BPLCD devices, hysteresis [21], [22]
is a common problem, which affects the accuracy of grayscale
controls. Hysteresis is defined by the voltage difference at the
half-maximum transmittance between forward and backward
scans. Fig. 3 shows the measured hysteresis of the VFS-BPLCD
at
. The operating voltage is
and hysteresis
, which corresponds to
.
For display applications, this ratio should be smaller than 5%.
For this time-multiplexed dual-view display, two sequential
images are displayed for viewer 1 and viewer 2 at a refresh
rate of 120 Hz. So a LCD panel with a fast response time is
required. Fig. 4 shows the rise time and fall time of full-on and
full-off transitions. Here, rise time and fall time were measured
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Fig. 5. Simulated (a) intensity distribution of the bright state and (b) isocontrast contour plots as the light source 2 is on; (c) intensity distribution of the bright
,
and
nm.
state and (d) isocontrast contour plots as the light source 1 is on. Backlight

between 10% and 90% transmittance. From Fig. 4, the rise time
is 0.959 ms and the fall time is 0.985 ms. The fast response time
of VFS-BPLC makes it suitable for sequential displays.
To analyze the viewing angle properties of the proposed device, we use MATLAB program to simulate the intensity distribution and contrast ratio distribution. Since the display is usually optimized for
nm, we take the wavelength dispersion [23] into account and set
and
V m at
nm. With these parameters, the on-state
voltage is
at incident angle
. The backlight module is assumed to have a Gaussian distribution with the
center at 45 and FWHM
. The bottom and top biaxial
films are set at 45 and
, respectively. And both of the optimized biaxial films have the same film thickness
nm
and
. When light source 1 is
on, a viewing cone can be obtained by viewer 1 at 45 viewing
direction, as shown in Fig. 5(a). The intensity larger than 0.2 is
limited to
15 viewing cone. As a reference, the transmittance for two parallel polarizers is 0.44. From Fig. 5(b), we can
find that the contrast ratio larger than 100:1 is limited to 35
viewing cone. The viewing angle seems to be wider in terms of
contrast ratio. This is because the contrast ratio is mainly determined by the dark state, while the intensity is determined by
the distribution of the backlight module as well as the angular
dependent transmittance of the bright state. When light source
2 is on, a similar viewing cone can be obtained by viewer 2 at
45 viewing direction, as shown in Fig. 5(c) and (d).
Image crosstalk is a familiar issue for time-multiplexed displays. At the moment the light source is turned on, the panel still
retains a part of former image, which leads to image crosstalk. A
LCD panel with faster response time helps to reduce this effect.
Meanwhile, a re-designed driving scheme can be another approach of this issue. Fig. 6(a) shows the driving scheme when

dual-view images are displayed. and represent images 1
and 2, respectively. LS1 and LS2 respectively represent driving
waveforms of light sources 1 and 2. Here, light source is on
when the waveform is at a high level. Each frame comprises
of two sub-frames: image 1 and image 2. The frame rate of 60
Hz is employed to avoid image flickering, which means the refresh rate of the LCD panel is 120 Hz. As shown in Fig. 6(a),
images 1 and 2 are scanned to the LCD panel sequentially.
When light source 1 is on, the LCD panel displays image 1 for
viewer 1, and then light source 2 is on, the LCD panel displays
image 2 for viewer 2. To avoid image crosstalk, both of light
sources are turned off while refreshing one image to the other,
which is called black time. Although inserting a black time between two frames will cause some brightness loss, it will reduce the cross-talk and improve the image quality. Since the
BPLC has submillisecond response time, the black time should
be
1 ms. So the transmittance could be
88 for 120 Hz
driving frequency.
Furthermore, we can control the light sources and image data
to display an identical image for both viewers 1 and 2 simultaneously. Fig. 6(b) and (c) show the driving schemes when the
identical image is displayed at a refresh rate of 120 Hz and 60
Hz, respectively. Here, represents the identical image. As a
result, this device can work as dual-view mode or identical-view
mode adaptively.
IV. CONCLUSION
We have proposed a time-multiplexed dual-view display
using a blue phase liquid crystal. In this design, we used a
VFS-BPLCD panel to achieve high transmittance and fast
response time, while using a directional backlight module
to provide a large oblique incident angle. By controlling the
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Fig. 6. Driving schemes of the proposed display device: (a) dual-view mode at
refresh rate of 120 Hz; (b) identical-view mode at refresh rate of 120 Hz; and
(c) identical-view mode at refresh rate of 60 Hz.

light sources and image data, the device can display two different images to different viewers sequentially. As a result, a
time-multiplexed dual-view display device is achieved, which
has a full spatial resolution. Moreover, this device is switchable
between dual-view mode and identical-view mode.
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