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Studies of Polymer-Stabilizied Cholesteric texture films
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Department of Physics, National Cheng Kung University

ABSTRACT

We report the results obtained from the studies of polymer-stabilized cholesteric texture films. Two sets of samples were
fabricated. The first set were fabricated by adding various ferroelectric liquid crystal (SmC*) dopant concentrations in the
mixtures. The second were fabricated using a dual-frequency liquid crystal. The experimental results obtained from the first
set show that adding a small amount of SmC* could significantly improve the cells' electro-optical (E-O) characteristics.
Both the driving threshold voltage and the rise time were decreased, while the hysteresis width was increased. The result
from the second set shows there exists a pronounced hysteresis effect in the transmission versus frequency curve at a given
applied voltage. The hysteresis width is increasing as the applied voltage is increasing. A display mode is proposed based on
this bistable feature.

Keywords : Cholesteric liquid crystal, ferroelectric liquid crystal, dual-frequency liquid crystal

1. INTRODUCTION

Liquid crystal polymer dispersions have been studied intensively owing to their fundamental importance and potential use as
displays and light modulating devices. '9 There are basically two types of liquid crystal polymer dispersions which have been
reported so far. They are polymer-dispersed liquid crystal (PDLC) and polymer-stabilized cholesteric texture (PSCT) films.
The polymer concentration is usually greater than 20% in the former system to confine LC's. In addition to its use in displays
and light modulating devices, it can also be used as a Gaussian filter,"' switchable gratings (both electrically"1 and optically'2).
The polymer concentration in PSCT films is usually below 10% for use in stabilizing the cholesteric texture LC structure in
the cell. Because of its high polymer content, a PDLC film has an index-matching problem, which results in a limited view
angle. This index-matching problem is eliminated in PSCT films, since the polymer concentration is low. As a result, PSCT
films are haze-free at wide view angles in the clear mode, and are suitable for display applications.

Depending on the surface treatment of the glass substrates and on the pitch length of the cholesteric LC, we can fabricate
three types of display devices for the PSCT films. Based on the mode of operation, they are classified into normal-mode
(opaque in a field-off condition and clear in a field-on condition), reverse mode (clear in a field-off condition and opaque in a
field-on condition) and color-reflective bistable mode.i 3' 4

Usually, PSCT films are fabricated using a cholesteric LC, which is a mixture of a nematic LC and a chiral dopant. In this
paper, we report the results obtained from the studies of two sets of PSCT normal-mode devices. One set was fabricated by
adding various ferroelectric liquid crystal (SmC*) dopant concentrations. The other set was fabricated using a dual-frequency
nematic mixed with a chiral dopant. We then measured their electro-optical (E-O) characteristics. It was found in the first set
samples that adding a small amount of SmC* could improve the films' E-O characteristics significantly,
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such as the reduction of both the threshold driving voltage and rise-time, and the increase of the hysteresis width. The causes
of such improvements were found to be due to the modification of the cells' polymer networks and the increase of fills'

dielectric anisotropy with the addition of SmC* in the mixture. For the second set, there exists a pronounced hysteresis effect
in the transmission versus frequency curve at a given applied voltage. The hysteresis width is increasing as the driving
voltage is increasing. A display mode is proposed using a dual-frequency PSCT device based on its bistable feature of the
transmission versus frequency of the driving voltage.

2. EXPERIMENTAL

Two sets of PSCT films were prepared in this expenment. The first set was fabricated as follows. The cholesteric
LC used was a mixture of a nematic E48 (from E. Merck) with a chiral CB15 (E. Merck) by
a weight ratio of 92.0:8.0%. A laboratory-synthesized monomerBis[6-(acryloyloxy)hexyloxy]-1,1'biphenylene
(BAB-6) -2.7wt% and a photoinitiator BME (-10wt% of the monomer) were then added in the cholesteric LC mix
ture. In a separated experiment, we have studied the dependence of this PSCT system on the monomer concentrati
on. The result showed that the addition of -2.7wt% of monomer gives the best E-O characteristic. The final mixtu
re was then used to fabricate the first set PSCT cells with the addition of 0, 0.5, 1.0 and 1.5 times of SmC* (CS
-2003; from Chisso) as much as CB15. In the following, we are referring these set samples as the PSCT cells hay
ing y-times SmC* in the mixture with y=0, 0.5, 1.0 and 1.5.

The second set PSCT films were fabricated identically to the sample having 0-times SmC* in the first set except for the
nematic in the mixture (i.e. no SmC* was added in the second set samples). In this set, the cholesteric LC used was a mixture
of a dual-frequency nematic DF-02XX (Chisso) with CB 15. Its dielectric anisotropy A e = e ii - e as a function of
frequency is plotted in Fig.1. Notably, A e is positive for f < fo, and becomes negative for f> f,. The crossover frequency f.
at T=250C is -1. 1 KI-Iz. It is also noted that no SmC* was added in the second set samples.
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Fig. 1: Variation of the dielectric anisotropy of the dual-frequency nematic liquid crystal (DF-07XX) with respect to
frequency (at room temperature). f, is the crossover frequency.

The sample cell used in this experiment was fabricated with two indium-tin-oxide (ITO) coated glass slides, separated by a
12 in m plastic spacer. The surface of these glass substrates was cleaned without being further treated. The final mixture
prepared as described above was vacuum filled into an empty cell. The filled cell was cured using a UV lamp provided by a
Philips model 400/300s' metal halide lamp -30minutes to form a sample. The UV intensity was about 3mw/cm2 . During
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curing, the LCs in a cell were aligned homeotropically with the application of a 300 Hz square-wave voltage across the ITO

electrodes (-40V, 65V for the first and second sets, respectively).

Details of apparatus used to perform the electro-optical measurements can be found in Ref 15. For scanning electron

microscope (SEM) study of the film's polymer network, details on how to prepare the sample can be found in Ref 16. To

measure the pitch length, cholesteric planar cells having a thickness of 12/1 m were employed using a FTIR spectroscopy.

Finally, an Impedance Analyzer was used to measure the dielectric constant of LC mixtures.

3. RESULTS AND DISCUSSION

The measured E-O characteristics of the first set samples are shown in Figs. 2 and 3. Let the hysteresis width A V be defined

as the voltage difference at the mid-point of the ramp-up curve (voltage increase) and the ramp-down curve (voltage decrease)

between the maximum and minimum transmission in Fig. 2. And, the threshold (driving) voltage Vth is defined as the voltage

of the light transmission to increase 10% from the minimum in the ramp-up curve. Notably, Fig. 2 shows that Vth is

decreasing, but AV is increasing with an increasing SmC* concentration in the mixturc. It is also noted from Fig. 3 that the

rise-time (10-90%) and the fall-time (90-10%) are decreasing and increasing, respectively, with an increasing SmC*

concentration. Based on the driving scheme designed for PSCT normal-mode displays6'7, it is desired to have a lower Vtff, but

a larger AV.
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Fig. 2: Measured transmissions of the PSCT cells having y-times SmC* concentrations (BSmC*/CB 15).
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Fig. 3: The measured response tiens of the PSCT cells having y-times SmC* concentration (y=SmC*/CB 15).

In order to understand the causes that give rise to the results shown in Figs. 2 and 3. We then studied the polymer network
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morphologies of these cells. The pitch length of the cholesteric LC mixtures with various SmC* concentrations was also
measured. It was found that, regardless of the SmC* concentration, the cholesteric LC mixtures have about the same pitch
length for the first set samples. The top-view SEM images of the cells' polymer network are depicted in Fig. 4. It is clear to
see that adding a small amount of SmC* in the cell modifies the cells' polymer network morphology significantly. As the
added SmC* concentration increased, more polymers were phase-separated out to form the polymer network. As a result, the
formed polymer network became denser. For PSCT normal-mode cells, the polymer fibers align perpendicularly to the cells'
surface. The formed polymer networks induce an alignment force on LC molecules that helps a PSCT cell to transit from its
off-state (focal-conic state) to on-state (homeotropic alignment). We would expect that the denser polymer network resulting
from the increasing SmC* concentration in the cell gives a stronger alignment force. The decrease of Va,, rise-time and the
increase of AV and the fall-time shown in Fig. 2 and 3 are, thus, reasonable.
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Fig. 4: Top-view SEM images of the polymer network formed in PSCT cells having y-times SmC* concentrations
(y=SmC*/CB15), (a) y=0, (b) y=-0.5, (c) y=1.0, (d) y--1.5.
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Fig. 5: Measured transmissions of a dual-frequency PSCT cell as a function of the applied voltage at four different
frequencies.

Figure 5 shows the variations of the measured transmission of a dual-frequency PSCT cell with respect to the applied voltage
driven at four different frequencies. Notably, both Vh and AV are increasing with an increasing frequency for the lower
three frequencies. At f--20,000 Hz, it is not switchable. With the application of an electric field, a PSCT normal-mode cell
transits from a focal-conic (helical structure) state to a homeotropic state. The Vth is known to be i

2n d 7Pn K 212

_- - -_ , (1)

where p is the pitch length ,A - is the dielectric anisotropy, Kz is the twist elastic constant and d is the cell's thickness.
Since A - of a dual-frequency LC is decreasing with an increasing frequency for f < f, the increase of Vth with an
increasing frequency shown in Fig. 5 is consistent with Eq. (1). At f=-20,000 Hz, 1Aef is believed to be very small, so the
device is not switchable. It is noted from Fig. I that the device should be unable to be switched by an applied voltage at a
frequency f-fe. A much higher unswitchable frequency observed in Fig. 5 is believed to be due to the impurities such as
CB15, BAB-6 monomer dissolved in LC. Furthermore, the decrease of AV with a decreasing frequency is believed to be
due to the decrease of the field strength by the polarization charges. As the frequency is increasing, the liquid crystal is driven
initially in the conduction regime, and then approaching to the dielectric one. The compensation effect is thus smaller as the
frequency is increasing,

Figure 6 gives the variations of the measured transmissions with respect to the frequency at three driving voltages. The data
points were taken every ten seconds at a given applied voltage. At low frequencieý, A - is positive and relatively large, the
cell is transparent due to its homeotropical alignment. At higher frequencies, 1aC1 becomes so small that the cell remains in
the focal-conic (opaque) state. The cell transits from the homeotropical alignment (clear) to the focal-conic state (opaque) at a
higher frequency when driven with a larger voltage. It is Teas nable since a higher voltage could maintain the cell aligned in
the homeotropical state with a relatively lower value of | AE (i.e. higher frequency). It is noted from Fig. 6 that the curves
trace back at different routes with lowering the frequency. There exists a pronounced "hysteresis" effect. The cause of such a
"hysteresis" effect may be associated with the smaller polarization field in the higher frequency. As mentioned above, the
polarization field is stronger in the low frequency (conductive) regime. The "hysteresis" width is larger when the cell is
driven with a larger voltage.
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Fig. 6: Variations of the measured transmissions with respect to the frequency (T-f curve) at three driving voltages, Vr=
50V, 60V and 70V.The data points were taken every ten seconds under a driven voltage

Using the bistable feature shown in Fig. 6, we propose a driving scheme for a PSCT display. Referring to Fig. 7, which is a
simplified drawing representing one of curves shown in Fig. 6, the display is initially driven with an applied voltage at a
frequency f_, at C point. It is in a focal-conic (off) state. It can be switched on (homeotropical state) by increasing the
frequency to f3( A f-- f,-f:) and decreasing back to f2 . Similarly, it can be switched off by decreasing the frequency from f2 to
f, (A f=- f2-fD), and increasing back to f2.

In conclusion, we have studied two sets of PSCT samples. It is found that adding a small amount of SmC* in the mixture
could result in a lower threshold voltage, a faster rise-time and a larger hysteresis width of the device. From the perspective
of PSCT display applications , these features are desired. In addition, a PSCT based on a dual-frequency nematic LC exhibits
a pronounced "hysteresis" effect in its electrooptical curve. A display mode is proposed using this bistable feature.
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Fig. 7: A simplified T-f curve of a dual-frequency PSCT cell illustrated in Fig. 6. The cell driven by an AC voltage of
frequency f2 can be either at homeotropical (on) state or at focal-conic (off) state, depending on the change of the
frequency from fj to f2 or f, to f,.
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