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ABSTRACT

Ferro nematic suspensions are the prominent materials to enhance the electro optical performance of liquid
crystal displays. Electro optical properties of polymer dispersed liquid crystal (PDLC) display with the intro-
duction of Barium Titanate nanoparticles have been investigated in this article and it is shown that there is a
considerable enhancement in electro-optical response of the displays. The nanoparticles lower the switch-on
electric field and thereby increase the optical transmission at certain voltages of the displays. The electro-optical

characteristics of the PDLC cells were investigated with a He-Ne laser followed by MatLab calculations.
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1. Introduction

Considerable attention has been paid to the fabrication of
devices with polymer-liquid crystal composites. Polymer
dispersed liquid crystals consists of submicron size
droplets of liquid crystal (LC) embedded within a poly-
mer matrix [1-4]. In the absence of external fields LC
molecules in PDLC device are oriented randomly,
thereby the scattering of light dominates, and it appears
opaque. Application of sufficiently strong electric fields
leads LC molecules to align so that the transmission
through the PDLC increases. The electro-optical effect is
the basis for many PDLC based applications, owing to
their easy processing and flexibility, due to which poly-
mer-LC composites have been studied for a wide variety
of applications. Some of their possible applications in-
clude smart windows, optical shutters, diffractive optics,
photorefractive systems, micro-displays, potential nu-
clear radiation detectors, and flexible displays etc. [5-9].
External perturbations affect the alignment of LC mole-
cules, which can influence the electro-optical properties
of the displays. Incorporation of noble metal nanoparticle
(NP) in PDLC microstructure is particularly important
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because of the possibility of surface plasmon excitations
[10-13] at the NP-polymer interface and their influence
on the electro-optical properties of PDLCs. A few nota-
ble developments on this particular area have been re-
ported by recent researchers. Research results includes,
Zhu et al. [14] have observed faster response in Ag NPs
doped PDLCs, Yaroshchuk et al. [15,16] have used in-
organic NPs and observed improved angular characteris-
tics of light transmission through PDLCs. Alfonso
Hinojosa et al. reposted effects of gold nanoparticles on
electro-optical properties of PDLC cells [10]. Here, we
present evidence for rather large changes in the electro-
optical properties of PDLCs containing relatively small
concentrations of BaTiO3 NPs.

2. Materials and Methodology

PDLC cells were fabricated with a liquid crystal (E7)
purchased from Merck and used as received, acrylic mo-
nomer mixture (Photolec A-202 optical adhesive) from
Nissan chemicals, and a spherical divinylbenzene (DVB)
spacer with 5 micron in size from Nissan chamicals.
Nano BaTiO; with approximately 50 nm diameter was
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purchased from Sigma-Aldrich and used as ferro-electric
nanomaterial.

3. Experimental

LC composites were prepared by the addition of specific
amounts of BaTiO; to the E7 mixture followed by ultra
sonication with a probe for 15 minutes. Optical adhesive
was added to the LC mixture with thorough mixing under
mechanical stirring for 10 minutes. The ITO glass plates
were properly cleaned, glued and cured under UV expo-
sure for 25 minutes [17,18]. Morphology of the cells was
studied with high resolution field-emission scanning
electron microscope (SU-6600) at 20 kV accelerating
voltage. The electro-optical properties were measured
with He-Ne continuous laser. The block diagram of the
experimental setup is shown in Figure 1. Transmitted
beam of laser through the cell was captured by hi-speed
CCD camera at different applied voltages. Typical black
and white pictures of transmitted beam of laser through
PDLC cells at 60 volts are depicted in Figure 2.

From the captured hi-resolution black and white pic-
tures, transmittance was calculated using MatLab simu-
lations. Relative transmittances of displays were plotted
against corresponding voltages from the obtained values
as shown in Figure 3. The percentage enhancement of
switch on voltage was calculated. The switch on voltage
of the displays and percentage of BaTiO; added were
plotted in Figure 4.

4. Results and Discussion

The relative concentration of Barium titanate to the lig-
uid crystal has been varied from 0.2 to 5 weight percent-
age. The electro-optical properties were performed using
He-Ne continuous LASER at room temperature and
found the synergetic enhancement in switching voltages
in PDLC cells upon introducing the barium titanate
nanoparticles. It has been found that switchover voltage
for displays without BaTiO3 was 62 volts and with 0.5%
BaTiO; was 45 volts. It is observed that the threshold
voltages of displays were lowered by almost 27 percent.
As mentioned in the referred literature the electro-optical
properties of liquid crystals are sensitive to their micro
structure [10,19]. It is therefore reasonable to assume that
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Figure 1. Block diagram of the experimental setup for elec-
tro-optical characterization of PDLC cells.
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Figure 2. Hi-resolution black and white pictures of trans-
mitted light of laser beam through PDLC cell (a) without
BaTiO3; and (b) with 0.5% BaTiO; nanomaterial at 60 volts
applied voltage.

Transmittance
o
O
o0
)

—=— 0% BaTiO,
—e— 0.5% BaTiO,
—&— 5% BaTiO,

0.975

30 40 50 60 70 80 90 100
Voltage (Volts)

0 10 20

Figure 3. Relative transmittance verses corresponding vol-
tages of PDLC cells.
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Figure 4. Switching voltage of the cells and percentage of
BaTiO; were added.

enhancement of electro-optical properties of liquid crys-
tal cells were due to the build up of local electric fields
by the addition of ferroelectric nanoparticles like BaTiOs.
These low energy liquid crystal displays are essential for
present and future applications. The morphology of
PDLC cells with 30 weight percentage of polymer were
presented in Figure 5. From the Figure 5, voids are the
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Figure 5. SEM picture of 30 wt% LC to the polymer dis-
persed liquid crystal; voids are the finger prints of liquid
crystal droplets.

finger prints of the LC material and well developed
sponge like structure of polymer having voids of about 3 - 5
pm indicates the optimum composition (30 - 40 volume
fraction of the polymer) of the cells.

5. Conclusion

In summary, with the introduction of relatively small
concentrations of Barium titanate produces synergetic
changes in the electro-optical properties of PDLC dis-
plays. With the electro-optical data it is further believed
that the surface plasmon excitations at metal/dielectric
interfaces in the composite material may contribute to the
build up of local electric fields in PDLC cells containing
BaTiO; nanomaterial.
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