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Polymer-stabilised blue phase liquid crystal displays (PS-BPLCD) based on Kerr effect have become an increas-
ingly important technology for information display applications. In comparison with conventional nematic LC
devices, BPLCs exhibit several attractive features, such as sub-millisecond grey-to-grey response time, reasonably
wide temperature range, no need for alignment layer, optically isotropic voltage-off state and large cell gap
tolerance. However, some technical challenges such as high operation voltage, hysteresis, residual birefringence
and relatively low transmittance remain to be overcome before their widespread applications can be realised.
Recent progress on BPLC materials and devices has shown great promise. From material aspect, the electro-
optical properties of blue phase liquid crystal material system are studied. To realise the electro-optic effect of
PS-BPLC, novel device configurations that can dramatically improve the display performances are designed.
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1. Introduction

From cell phones, laptops, desktops, TVs to projectors,
high-reliability liquid crystal displays (LCDs) have
become indispensable in our daily life. Tremendous
progress in LCDs has been made after decades of exten-
sive research and development in materials, device con-
figurations and manufacturing technology.[1]
Nowadays, the most critical issue on viewing
angle has been solved using multi-domain structures
[2-4] and optical film compensation.[5,6] Slow
response time has been improved to 2-5 ms with
low-viscosity LC material, overdrive and undershoot
voltage, and thin cell gap approach. Moving image
blur has been significantly reduced by impulse driving
and frame insertion.[7] Contrast ratio in excess of
1 million-to-1 has been achieved through local dim-
ming of the segmented LED backlight.[8—10] The
colour gamut would exceed 100% of the NTSC
(National Television System Committee), if RGB
LEDs are used.[l1] Besides these technological
advances, the cost has been reduced dramatically by
investing in advanced manufacturing technologies.
Polymer-stabilised blue phase liquid crystal displays
(PS-BPLCDs) based on Kerr effect is emerging as a
potential next-generation display technology. In compar-
ison with conventional nematic devices, the PS-BPLCDs
exhibit following attractive features: (1) sub-millisecond
response time, (2) no need for molecular alignment
layers, (3) optically isotropic dark state when sandwiched

between crossed polarisers, and (4) transmittance is
insensitive to cell gap when the in-plane electrodes are
employed.[12,13] Therefore, BPLC holds promises for
fast-response transmissive display, reflective display and
photonics applications.

In this paper, we will review of the properties of
PS-BPLC materials system and discuss the device
operation mechanisms of LCDs based on the Kerr
effect. New BPLC device structures are introduced to
optimise display performances.

2. Properties of PS-BPLC
2.1. PS-BPLC appearance and material system

Blue phase is a distinct thermodynamic phase that
appears over a narrow temperature range (1-2°C)
between the chiral-nematic/cholesteric (CH) and iso-
tropic phases. Depending on the structure, there are
up to three blue phases: BP-I, BP-II and BP-III. BP-I
and BP-II exhibit 3-D periodic structures in the direc-
tor field as shown in Figure 1. They have body-
centred and simple cubic symmetry, respectively.
BP-III is seemingly amorphous; it has a same symme-
try as the isotropic phase.[14]

Figure 2 is the molecular structure of blue phase
LC with cubic structure. The liquid crystal molecules
have a double-twist alignment filled up in a cylinder.
There is in fact unlimited number of helical axes pre-
sented; however, the structure was named double-

*Corresponding author. Email: lirao@microsoft.com

© 2014 Taylor & Francis



Downloaded by [153.165.53.206] at 20:16 02 December 2014

4 L. Rao and S.-T. Wu

i

1
:ﬂfaﬂ.q]
—E

5 NS
2 )
......... L oo eO
BP-I 3-D BP-I
pe=——7l =
./ |
.
BP-1I 3-D BP-II

Figure 1. Cubic structures of BP-I and BP-II.

twist. The LC directors perform a 45° rotation from
the centre line. Due to the orientation of the LC mole-
cules, microscopically, blue phase is optically anisotro-
pic. The diameter of the cylinder is in the range the
pitch length of the chiral nematic LC of ~100 nm.
Because of this small range local reorientation, blue
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phase has a very fast response. So far, a microsecond-
response BPLC with 39-us decay time at room tem-
perature has been demonstrated.[15] The double-twist
cylinders further form the cubic symmetry; therefore,
blue phase is optically isotropic macroscopically. The
double-twist alignment is more stable than the single-
twist structure such as the chiral nematics with normal
helical structure. However, the double-twist cylinders
cannot fill the cubic space completely uniformly to
allow the directors to be matched everywhere.
Meiboom has introduced the defect theory that defects
occur at the intersections between the double-twist
cylinders in the cubic structure.[16]The cubic structure
of blue phase is stabilised by the lattice defects. The
disclination lines in Figure 2 (d) are the defect lines.

The temperature range in which the defect
structure exists is very narrow (around 1-2°C)
and is an issue problem from the viewpoint of
practical applications. In 2002, Kikuchi proposed
a polymer stabilisation method in which an equili-
brium phase is thermodynamically stabilised by the
coexistence of a polymer. Polymer chains are
formed selectively in the disclination core, and
therefore, the blue phase composite does not
require a thermal energy to keep the disclination
core isotropic at a temperature below isotropic
phase. Through this method, the temperature
range is reported to be expanded to more than
60° including room temperature.[17]

A PS-BPLC precursor typically comprises of
70-90 wt% of nematic LC host as switching

(d) Disclination line
(lines of singualarity in
molecular alignment)

double-twist
cylinder

(c) Cubic symmetry

Figure 2. Blue phase LC structure at the microscopic level: (a) double-twist alignment of LC molecules; (b) double-twist
cylinder; (c) lattice cubic symmetry formed by double-twist cylinders and (d) disclination lines of singularity in molecular

alignment.
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molecules, 5-10 wt% of chiral dopant to induce
blue phase, and 8-15 wt% of photocurable mono-
mers and ~1% of photoinitiator for polymer stabi-
lisation. To form BPLC composite, the precursor is
cooled from isotropic phase to blue phase and
then exposed to UV light. After UV irradiation,
PS-BPLC nano-composites are self-assembled, exhi-
biting the characteristic small platelet structures.

2.2. Kerr effect

Kerr effect is a type of quadratic electro-optic effect
caused by an electric-field-induced ordering of polar
molecules in an optically isotropic medium. It usually
exists in crystals with centro-symmetric point groups.
If an electric field E is applied to a Kerr medium, such
as PS-BPLC or optically isotropic LC composite,
birefringence will be induced which is related to E
as [18]:

Aning = AKE? (1)

where 1 is the wavelength and K is the Kerr constant.
From Equation (1), the induced birefringence is line-
arly proportional to E*.

The induced anisotropy will be along the direction
of the electric field. Consequently, the isotropic sphere
will appear as an elongated (Figure 3(b)) or a flattened
(Figure 3(c)) ellipsoid, depending on whether the host
LC has a positive or negative dielectric anisotropy
(Ae).[19] Equation (1) is valid only when the electric
field is weak. As E keeps increasing, the induced bire-
fringence will gradually saturate, as clearly described
by the following extended Kerr effect [20]:

Aning = Ang (1 — exp {f(E/ES)ZD @)

where Ang denotes the saturated induced birefringence
and E; is the saturation electric field. In the weak field
region (E<KE,), we can expand Equation (2) and
deduce the Kerr constant as:
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K =~ Ang/(AE2). 3)

From Equation (3), a BPLC material with high Ang and
low Es will result in a large Kerr constant. Roughly
speaking, Ang governs the optical property (e.g., max-
imum phase change) and FE; determines the electric
property (operating voltage) of a BPLC material.

It has been reported by Gerber that the Kerr
constant can be approximated by the following equa-
tion [21]:

Aning &, P

K ~An-ANe————.
AE? ki (2r)?

“4)

where An;,q 1s the induced birefringence, An, Ae and k
are the intrinsic birefringence, dielectric anisotropy
and elastic constant of the host LC material, respec-
tively and P is the pitch length. Furthermore, we
know that An, Ae and k are related to the nematic
order parameter (S) as An ~ An,S,[22] Ae ~ S/T, and
k ~ S?.[23]

As is discussed in detail later, Kerr constant plays
a key role on the operating voltage of the BPLC
devices. A typical Kerr constant of BPLC composite
is around 1 nm/V% In 2009, Kikuchi et al. [24]
reported a polymer-stabilised isotropic phase compo-
site with K ~ 10 nm/V? and its operating voltage in an
IPS cell (5-um electrode width and 10-um electrode
gap) is ~50 V .

2.3. Response time

Fast response time is one of the most attractive fea-
tures of PSBP LC since it helps to reduce motion blur
and enable colour-sequential display while minimising
colour break-up. Figure 4 shows the response time
data from a paper by L. Rao about the prospects of
PS-BPLCD.[25] The decay time is defined as 100-
10% transmittance change.

As the temperature increases, the decay time
decreases rapidly. At room temperature, the response
time of BPLC is indeed experimentally shown being sub-
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Figure 3. Electro-optic effect on BPLC refractive index ellipsoid: (a) BPLC without an electric field, (b) positive Ae BPLC
with an electric field and (c) negative Ae BPLC with an electric field.
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Figure 4. Temperature-dependent decay time. Dots are
experimental data and line represents fitting using exponen-
tial curve in the paper.[25]

millisecond. For example, we note from Figure 4 that
the response time is decreased by 2X when the tempera-
ture is increased by merely 4-5°. This changing rate is
~3X more sensitive than that of most nematic LCs.

To understand this phenomenon, a physical model
has been developed to explicitly correlate the tempera-
ture-dependent response time with LC parameters. The
free relaxation time of a polymer-stabilised blue phase
or optically isotropic LC composite can be approxi-
mated by [1,26]:

V1P2
k(2x)?’

T

©)

with y; being the rotational viscosity, P the pitch length
and k the elastic constant. The pitch length is insensitive
to the temperature and can be treated as a constant.

From mean field theory,[23] elastic constant is
related to the nematic order parameter (S) as k ~ S2.
With regard to rotational viscosity, the following
modified Arrhenius model works well to describe the
temperature-dependent rotational viscosity of nematic
LCs [27,28]:

n ~ S exp(Ea/KsT), (6)

where E, is the activation energy of molecular rota-
tion and Kp is the Boltzmann constant. With
Equation (6) and treating P as a constant, we can
rewrite Equation (5) as:

_ nP* S-exp(E,/KsT) - P

~

k(2x)? S2. (27)*
N .exp(Ea/KBT)
~ B 7(1 — T/Tc)'B . @)

From Equation (7), a low-viscosity host (smaller activa-
tion energy) is always in favour for achieving fast
response time. However, there are trade-offs between
response time and Kerr constant. For example, from
Equation (4), a smaller elastic constant k and a larger
pitch length P lead to a larger Kerr constant, but from
Equation (7) the response time will be slower. Similarly,
a larger dielectric anisotropy helps to enhance Kerr
constant, but it could dramatically increase viscosity
and thus slow down the response time. The polymer-
stabilised blue phase or optically isotropic liquid crystal
composite is a complex system, as it consists of nematic
liquid crystal host, chiral agents and two types of mono-
mers. Both material optimisation and UV curing pro-
cess need to be optimised.

3. PS-BPLC for displays

3.1. Blue phase liquid crystal displays with in-plane-
switching fields

Typically, for display applications, the LC layer is sand-
wiched between two crossed linear polarisers. The
operation mechanism of a PS-BPLCD is drastically
different from conventional nematic LCDs in that the
former is based on Kerr effect-induced isotropic-to-ani-
sotropic transition while the latter relies on the aniso-
tropic-to-anisotropic ~LC  director reorientation.
Moreover, the optic axis of the induced birefringence
in BPLC is along the direction of the electric field. To
achieve effective phase retardation, the induced birefrin-
gence should be parallel to the BPLC cell substrates,
that is, a lateral electric field is desired. Among the
present LCD modes, in-plane-switching (IPS) LCD
can effectively generate horizontal electric fields; there-
fore, in blue phase LCD devices, IPS electrodes are
commonly employed.[29]

Figure 5 illustrates the basic operation principles
of a BPLCD in a planar IPS cell, where w is the
electrode width and [/ is the electrode gap. When
there’s no electric field applied, the symmetric cubic
structure in a PS-BPLC appears to be optically
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Figure 5. Operation principle of a BPLCD. Left: without
electric field, BPLC appears to be optically isotropic; right:
with electric field, BPLC becomes optically anisotropic.
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isotropic. Therefore, the linearly polarised light pas-
sing the bottom polariser experiences no phase retar-
dation in the BPLC layer; thus, it cannot pass the
crossed analyser. When an electric field is applied, the
BPLC becomes anisotropic according to the Kerr
effect; thus, the linearly polarised light passing the
bottom polariser can pass the analyser on the top.

The output transmittance of a uniaxial medium
placed between two crossed linear polarisers is
T = Tysin (2¢)*sin (6/2)>, where ¢ is the angle
between optic axis of the uniaxial media and the
absorption axis of the polariser, 0 = 27dAn/) is the
phase retardation of the uniaxial medium. The angle
¢ needs to be 45° away from the linear polariser
absorption axis in order to obtain maximum trans-
mittance. In other words, the induced An also needs to
be along that direction to have a maximum transmit-
tance. Moreover, to get the maximum phase retarda-
tion J, the induced birefringence should also be along
the horizontal direction parallel to the substrate sur-
face. Therefore, the stronger horizontal fields will
benefit.

However, in a conventional IPS electrode configura-
tion, the electric field is confined near the surface, and
only the LC molecules in this shallow region contribute
to the induced birefringence. As a result, the required
voltage is high and transmittance is low. Even with a
large Kerr constant of 13.7 nm/V? (Chisso JC-BPOIM),
the on-state voltage is still as high as ~50 V at room
temperature, which is too high for amorphous-silicon
thin-film transistors (a-Si TFTs).[30] Therefore, there is
an urgent need to address this critical issue of high
driving voltage.

3.2. BPLCDs with protrusion electrodes

To reduce the operating voltage, deeper penetration
into the LC bulk region is needed. In the conventional
planar IPS structure, we could strengthen the hori-
zontal electric field by reducing the electrode gap.
However, as the electrode gap becomes narrower,
the penetration depth becomes shallower. The trade-
off is the reduced optical efficiency. Figure 6 is pro-
posed protruded electrode design with trapezoid
shape.[31] The BPLC layer is interposed between
two glass substrates, which are further sandwiched
between two crossed polarisers; pixel and common
electrodes are made with the trapezoid-shaped protru-
sion structure. The trapezoid dimension is defined as
follows: wy is the bottom width, w, is the top width, A
is the height and / is the space between common and
pixel electrodes. The protrusion structures have been
widely used in multi-domain vertical alignment LCDs
for obtaining wide viewing angle.[19] Besides, it can
be made transparent with organic positive photoresist
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Figure 6. BPLCD structure with trapezoid-shaped protru-
sion electrodes and electric field lines.

so the aperture ratio of the LC panel will not be
sacrificed. In this design, the induced birefringence
on top of the electrode does not contribute to the
transmittance since the electric field is almost vertical.
But compared with traditional IPS structure, stronger
horizontal electric fields are generated between the
pixel and common electrodes. Moreover, the field is
able to penetrate deeply into the LC bulk region. The
former plays a key role to reduce operating voltage
while the latter helps to achieve high transmittance.
This explains why a much lower on-state voltage is
needed for the protruded electrode design.

For the protruded electrode with w; = 2 um,
wy = 1 um, 4 =2 pm and / = 4 pm shown in Figure 7,
the peak transmittance is ~71% (normalised to the trans-
mittance of two parallel polarisers) at 17 V.
Compared to the conventional IPS structure with elec-
trode width w = 2 um and electrode gap / = 4 um (desig-
nated as IPS 2-4) with V,, ~ 38 V., and peak
transmittance ~66.5%, our protrusion electrode shows
a significant reduction in driving voltage while main-
taining a relatively high transmittance.

To understand the underlying physics, we plot in
Figure 8 the effective induced-birefringence (Jr.g) dis-
tribution for the protrusion electrode structure and
IPS 2-4 structure. Jngg is the effective birefringence
that the normal incident light experiences. It is differ-
ent from the induced birefringence An in Equation (1),
which is the overall induced-birefringence of the
BPLC material regardless of the electric field direc-
tion and the effectiveness whether the An will contri-
bute to the transmittance.

From Figure 8, dneg is almost zero on top of the
electrode for both structures since the electric field there
is almost vertically distributed so that it does not pro-
vide phase change for the normal incident light.
Nevertheless, the protrusion structure has a thicker
penetrating depth and a larger on.gr value in the effective
region. This is the reason why a much lower on-state
voltage is needed for the protrusion electrode design.
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Figure 7. Normalised VT curves for protrusion electrodes with different dimensions.

Figure 7 also shows the influence of electrode
dimension on the voltage-dependent transmittance
(VT) curve. Different electrode dimension generates
different electric fields distribution in the BPLC cell.
In comparison with the structure with parameters:
wiy =2um, wy =1 um, 2~ = 2 um and / = 4 um, if
the spacing width / is decreased to 3 or 2 um, then the
on-state voltage is lowered to 13 or 9.9 V,,,,, respec-
tively. This is attributed to the stronger electric field
generated as the electrode gap gets smaller. However,
the trade-off is the lower transmittance. This is
because the effective volume with horizontal electric
field that accumulates the phase for the transmittance
is smaller. If the size of w, is increased to 2 pum, the
electric field near the bottom of the cell will be more
uniformly distributed in horizontal direction. As a
result, denoted by the black line in Figure 7, the
operating voltage is reduced to 12 V.. Again, the
trade-off will be that the transmittance is lower since
larger w, reduces the effective spacing area between
the electrodes. If we increase the protrusion height /4
to 4 um, the peak transmittance would increase to
74.2% at 13 V... The electric field in this case is
stronger and more uniform as compared to the one
with a 2-pum height. Therefore, a lower driving voltage
is needed. Meanwhile, the penetration of electric field
gets deeper into the LC medium which enhances the
transmittance. However, a 4-um height protrusion
electrode may be difficult to fabricate.

In the voltage-off state, blue phase LC is optically
isotropic so the dark state is very good. We have
calculated the iso-contrast contours for the protrusion
electrode structure with dimensions of d = 10 um,
wp =2um, w, =1 uym, 7 = 2 um, / = 4 yum and

A = 550 nm. The contrast ratio (CR) of 200:1 is over
30° without any compensation film in Figure 9(a). In
Figure 9(b), adding a half-wave biaxial film greatly
suppresses the off-axis light leakage of the two crossed
polarisers, so that CR = 1000:1 can reach about 60°.
This result is even better than that of the strip-elec-
trode IPS BPLC cell we reported previously because
the peak transmittance for the protrusion electrode is
slightly higher. While blue phase liquid crystals have a
really good dark state, the CR is mainly governed by
the on-state transmittance.

At off-angle incident, the vertical part of the field
is no longer vertical to the incident light, so the
curved electric field will compensate the transmit-
tance. Figure 10 shows the angular dependent (azi-
muthal and polar) light transmittance for (a) strip
electrode (parameters: electrode width w = 2 um and
spacing width / = 4 ym) and (b) protrusion electrode
(parameters: w; = 2 um, wp, = 1 um, 2 = 2 um and
/ = 4 um). The polar angle of the protrusion structure
with a transmittance of ~60% is over 50° while the
strip electrode structure is only ~30°. The increasingly
curved electric field in z-direction of protrusion elec-
trode compensates more than the strip electrodes due
to its deeper penetration layer into the LC bulk
region. The iso-brightness contour plots in Figure 10
match the induced effective birefringence distribution
in Figure 8.

In addition to optimising the device structure for
generating strong and deep electric fields, it is equally
important to develop LC materials with a larger Kerr
constant. Figure 11 depicts the simulated VT curves
at 4 = 550 nm under different Kerr constants
(K; = 12.68 nm/V>, K> = 3K, K5 = 5K;) for the
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Figure 8. Induced effective birefringence (dn.g) distribution
for (a) conventional IPS cell with strip electrode with elec-
trode width w = 2 pm, spacing / = 4 um, and cell gap
d = 10 um, and (b) protrusion electrode with w; = 2 um,
wy=1pum, # =4 um and / = 4 um, cell gap d = 10 pm.

Figure 9. Iso-contrast plots of the BPLC cell with protru-
sion: (a) without compensation films and (b) with biaxial
compensation films. The biaxial film parameters are:
N, = 0.5, Ry = (ny—n,).d = /2.
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Figure 10. Angular-dependent (azimuthal and polar) light
transmittance for: (a) strip electrode (parameters: electrode
width w = 2 pm and spacing / = 4 um) and (b) protrusion
electrode (parameters: w; = 2 um, w, = 1 um, 2 = 2 pum and
[ =4 pym).

protrusion electrode structure with dimensions of
d =10 pm, wy = 2 pm, w, = 1 ym, 2 = 2 um and
[ = 4 pm. With the increased Kerr constant, the on-
state voltage is reduced from 17 to 9.7 Vs and to
7.5 Vims. The low-voltage operation would reduce the
power consumption of the display devices.
Amazingly, the on-state voltage is linearly propor-
tional toK—'/2, although the electric field generated
from the protrusion electrodes is not uniform. Shown
in the insert of Figure 11, the red line is the linear
ﬁttlng for Kla Kz, K3, K4 = 2K1, and KS = 45K1 with
the linear equation as [30]:

1
Von:A-\/—E. ®)

Here, the device proportionality constant
A = 191 pm'? We can conclude that for a given

1.0 — =
—a— K
® —e— 3K,
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Figure 11. VT curves with different Kerr constants for
protrusion electrode structure with w; = 2 um, w, = 1 pm,
h =4 um and / =4 um, cell gap d = 10 um, inset is the linear
plot between on-state voltage and1 / VK.
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structure, while Kerr constant K represents the influ-
ence from the material side to the driving voltage, the
device constant A represents the effect from the device
design. Larger Kerr constant K and smaller device
proportionality constant 4 will lead to a lower oper-
ating voltage.

To illustrate the importance of device structure, we
compared the planar IPS electrodes with protrusion
electrodes. From a previous experiment described in
paper,[25] we have employed an IPS cell with a cell
gap of 7.5 um, and the ITO (indium tin oxide) electrode
width of 10 um and the electrode gap of 10 um. We filled
the same type of IPS cell with both the UCF BPLC
material and Chisso BPLC material JC-BPOIM. We
find the device constant A is around 6 pm'?. Here,
compared to the planar IPS cell, the protrusion elec-
trode reported in Figure 11 has a device proportionality
constant 4 = 1.91 um'”?, which indeed indicates that a
small A4 coefficient helps to lower the operating voltage.

The protrusion electrode structure is a feasible
configuration for dramatically reducing the operating
voltage of blue phase LCDs while keeping a reason-
ably high transmittance. There are already prototypes
manufactured with this type of electrodes from lead-
ing LCD manufacturers such as Samsung and SEL
lab.[32,33] By optimising the protrusion structure, the
operating voltage can be successfully reduced to
~10 Vs This is an important milestone because the
device can be driven by a-Si TFTs. There are other
effects in optimising the device configuration, struc-
tures like BPLCDs with double-penetrating fringing
fields,[34] with corrugated electrodes [35] and with
vertical field switching [36] are proposed. With con-
tinuous development of large Kerr constant BPLC
materials, the voltage can be reduced further.

4. Remaining challenges

Although polymer-stabilised isotropic-to-anisotropic
LCDs hold great potentials for future display appli-
cations, some technical challenges remain to be
overcome:

1. Low operating voltage: The protrusion electrodes
substantially lower the operating voltage, but its
fabrication complexity is increased. Simpler
methods for reducing voltage while keeping high
transmittance need to be developed.

2.  New materials: PS-BPLC represents a paradigm
shift in materials. The conventional TFT-grade
nematic LCs require a modest birefringence
(An ~ 0.1) and dielectric anisotropy (Ae ~ 5-10),
low viscosity and high resistivity. However, to

achieve a large Kerr constant (K ~ 10 nm/V?), the
BPLC would need to have a high An (>0.2) and
large A¢ (>30). These compounds will have long
molecular conjugation and large dipole moment.
As a result, their viscosity will be high. Moreover,
the PS-BPLC requires two types of monomers and
photoinitiator. The ionic impurities in these mono-
mers would degrade the voltage-holding ratio. The
temperature range is another concern. For display
applications, the LC temperature range should
cover from —40 to 80°C. In PS-BPLC, we could
choose a wide-temperature-range nematic LC host.
However, after mixing with chiral dopant, the mix-
ture’s clearing point often decreases substantially.
For example, the clearing temperature of our LC
host is 94°C, but it drops to 54°C after polymerisa-
tion. A low-clearing point will make the electro-
optic properties of the LC/polymer composite very
sensitive to the local temperature variation of a dis-
play panel, such as VT curves and response time.
Consequently, the requirement for better thermal
uniformity of a backlight unit is increased. A lot of
new material development work (LC and mono-
mers) along with the photopolymerisation process
need to be studied.

3. Hysteresis: It is known that polymer-stabilised
LCs often exhibit memory effect, also known as
hysteresis. Some preliminary work on the hyster-
esis of BPLC and PS-BPLC has been reported
[37]. Hysteresis affects the accuracy of grey-scale
control and should be minimised.

4. Long-term stability: The concerns of long-term
stability include twofold: incomplete photopoly-
merisation process and device operating lifetime,
such as image sticking and polymer stability.

5. Residual birefringence: During the polymerisa-
tion process, some LC molecules could be
embedded in the polymer networks. If this resi-
dual birefringence is not uniformly distributed in
the entire panel, it will be difficult to be compen-
sated by an optical film. As a result, the display
CR will be degraded.

5. Summary

PS-BPLC is emerging as a promising candidate for
next-generation display and photonics devices. In this
paper, we have reviewed the material system and
electro-optic properties of PS-BPLC. The device opti-
misation for BPLCD is introduced that can success-
fully reduce the operating voltage to ~10 V. This is an
important milestone as it enables the a-Si TFTs driv-
ing. With rapid advances in PS-BPLC materials and
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device structures, the widespread application of
PS-BPLC:s is foreseeable.
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