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Morphological control and polarization switching in polymer dispersed
liquid crystal materials and devices
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Abstract. Liquid crystals dispersed in polymer systems constitute novel class of optical materials. The precise
control of the liquid crystal droplet morphology in the polymer matrix is essentially required to meet the pre-
requisites of display device. Experiments have been carried out to investigate and identify the material pro-
perties and processing conditions required for the precise control of the droplet morphology of the dispersed
liquid crystal systems. Polarization switching has been studied. Aligned liquid crystal dispersed systems
showed higher polarization over unaligned ones.
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1. Introduction attracted significant interest among various research groups
due to their technological applications (Madéikal 2003,
In recent years, polymer dispersed liquid tay¢§PDLC) 2004; Sumana and Raina 2005). The role of dyes in these
composite materials have emerged as novel futuristsystems is to allow an increase in the light absorption thus
optical display materials because of their focus on extereducing remarkably the power necessary to induce
sive research, both fundamental and applied (Drzaic 199%nlinear optical effects. PDLC films with dichroic dye
Valery and Kumar 1999; Lucchetti and Simoni 2000¢lissolved in the liquid crystal (referred to as dichroic
Kikuchi et al 2002). They consist of micron and sub-PDLC) possess both controllable absorbance and scattering
micron sized liquid crystal (LC) droplets dispersed in as well. This combination can be used to produce high
polymer matrix (usually thermo plastic). The PDLC basedontrast displays (Drzaiet al 1989).
displays have a number of advantages over conventionaln this work, efforts have been made to study the material
liquid crystal display (LCD) devices, e.g. simple and miniproperties and processing conditions required for the precise
mal fabrication cost, flexible, high brightness, faster switctcontrol of liquid crystal droplet morphology of the dis-
ing time and many others (Ono and Kawatsuki 199persed systems. We have succeedeadigning the ferro-
Karlsson and Konitor 1999; Simoni and Francescangediectric liquid crystal droplets along the rubbing direction
2000; Lehmanret al 2001). of the substrates to show better responses. The control of
LCDs using polymer dispersed ferroelectric liquiddye concentration to liquid crystal ratio led to better optical
crystal (PDFLC) materials have been demonstrated to besponses as well as the improved contrast of the device.
atleast three orders of magnitude faster than the displays
using nematic liquid crystals. It has also been reportezd
that the contrast ratio and viewing angle of ferroelectric’

liquid crystal devices are superior to all other LC diSplayaovel liquid crystal mixtures exhibiting nematic phase

(Sumana and Raina 2005). Orientation structure insi 7, BLO36) and ferroelectric phase (ZLI-3654) were

the droplets, the droplet size and consequently the opti . .
. e oftained from E. Merck. UV curable polymers possessing
properties of these composite films are strongly depended"lj erent viscosities in the range 140-5000 CROA-73

on polymer curing, viscosity, its molecular structureNOA_65 NOA-63, NOA-68 procured from NORLAND
magnitude of applied electric field, temperature and ali?\]) weré used for, preparing PDLC films. E7 and BLOéG

the alignment of liquid crystal droplets in them. Both th ave wide nematic liquid crystal temperature range whereas

threshold voltage and the switching speed of the resulti%gl 3654 has wide ferroelectric smectic C temperature at
display are reported to decrease with increase in the dr(r)g-

let size (Drzaic 1995). &ently, dichroic PDLCs have om te_mp_erat_ure. PDLC samples were prepared using
polymerization induced phase separation (PIPS) technique.

Liquid crystal to polymer ratio was taken as: 30 wt/wt
*Author for correspondence to prepare polymer dispersed ferroelectric liquid crystal
(rainatietp@yahoo.com; kkraina@tiet.ac.in) (PDFLC) samples. The sample cells essentially consisted

Experimental
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of indium tin oxide (ITO) coated glass substrates pre-treat8d Results and discussion

with the polyamide (nylon 6,6) solution by spin coating at

1400 rpm. These substrates were then heated in vacu@rh Droplet morphology of PDFLC films

oven to remove traces of solvent, if any, to achieve a uniform

film coating on the glass substrates. The treated glaSigure 1(a—d) shows the micro-textures of unaligned PDFLC

substrates were rubbed uni-directionally using nylon clotNOA series + ZLI-3654)ifms in the order of increasing

to induce planar alignment. The cell substrates were sep#scosity at a magnification of 10X. It is seen that with

rated by about 1Adm Mylar spacers to maintain the sampléncrease of polymer viscosity, the droplet size of ferro-

thickness. Spontaneous polarization studies were carrielctric liquid crystal also increases. The droplet size has

out using polarization current technique (Sumana armen measured by taking an average size of about 20

Raina 2004). droplets in the polymer matrix. The variation in liquid
To obtain dichroic PDLC films, nematic liquid crystalcrystal droplet size distribution and uniformity can be

mixtures were mixed with anthraquinone dye of differen¢éxplained using Stoke’s equation (Fuh and Caporaletti

dye concentrations and then dispersed into the polym&®89) indicating that the liquid crystal droplet size and its

material in 1 1 wt/wt ratio. This homogenous mixture wasuniformity is dependent on the sedimentation force as well

heated to isotropic temperature in a vacuum oven amad the polymer viscosity. As the polymer viscosity in-

simultaneously shaken rapidly to ensure proper mixingreases, the liquid crystal droplet size also increases. In

The PDLC material prepared by SIPS technique wadigned PDFLCs as shown in figure 2(a—d) respectively,

sandwitched between the substrates and electrical conniéés seen that all the liquid crystal droplets are elongated

tions applied for the measurements of physical parametaidsng the rubbing direction. At lower viscosity, all the

in presence of the electric field. The sample temperatuliquid crystal droplets are well aligned.

was maintained at an accuracy @1 in temperature

programmer and hotstage {LKAM model TP94 and L

THMS 600) interfaced to a computer. The microstructurés2 SPontaneous polarization

of the samples were investigated through polarizing micro-

scope (BX 51P) using thermal polarizing microscopy at Bhe spontaneous polarizatioRs) gives information about

magnification of 10X. The details of the experimental prothe internal structure of the mesophase and also about the

cedures are reported elsewhere (Sumana and Raina 20a8glity of the phase separation since it is directly correlated

Figure 1. Micro-textures of the droplet morphologies of unaligned PDFLC film at 10X magnification under crossed polarizers at
polymer viscosity: §) 140 CPS, If) 1000 CPS, ) 2500 CPS andd) 5000 CPS.

Figure 2. Effect of polymer viscosity on the alignment of liquid crystal droplets in aligned PDFLC films at 10X at polymer vis-
cosity: @) 140 CPS,§) 1000 CPS, ) 2500 CPS andd) 5000 CPS.
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to the fraction of switching molecules. Polarization
switching responses were measured using field reversal
technique (Sumana and Raina 2004). Spontaneous polari-
zations Py) of the aligned PDFLC composite films were
calculated usindNOA polymers of different viscages.

The spontaneous polarization as a function of temperature
for UV cured PDFLC compositédhs at room temperature
(30°C) in presence of an electric field (1895, 100 Hz)

is shown in figure 3.

It is observed that with increasing temperature, sponta-
neous polarization decreases. At SmC*-SmA transition
temperature {.*A), Ps suddenly drops to a very small
value. Our results indicate that the PDFLC sample of
lower polymer viscosity (NOA-73) shows highdt
(~ 1060 nC/cnf) than the sample with higher polymer

Figure 3. The effect of temperature on spontaneous polarizatisfiscosity (NOA-68) Ps ~ 645 nC/cni]. Over the whole

in aligned PDFLC films.

temperature range studied, we found that polarization

Figure 4. Droplet morphologies of dye doped polymer dispersed nematic liquid crystal (E7) with varying dye coa)ents: (

00125%, b) 0R25%, () 05% and @) 1%.
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Figure 5. Dye dependence contrast ra@#) &t different temperatures anb)(as a function of applied voltage.
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Figure 6. Influence of dye concentratiora)(1%, ©) 2%, () 4% on LC droplet morphology and)(variation of applied voltage
on optical transmission at different dye concentrations in nematic liquid crystal, BL0O36.

Table 1. Variation of the nematic— when dissolved in LCs (Smith 1993). The thermal contri-
Isotropic transition temperature in bution of light induced by absorption greatly enhanced by
dye doped PDLC. ) . .

the presence of the dye, and its concert of dye in the mixture

E7+NOAGS T (°C) polymer/LC which causes a decrease in the clearing
0125% dye 59 point.

025% dye 513

08% dye 55 '

10% dye 45 3.4 Contrast ratio

Contrast ratio (CR Ton/Torr Ton IS the maximum trans-
mission andloge the minimum transmission of a dichroic

PDLC film) is an important measure of performance for any

decreases but at the same time flexibility in the composiggactro-optic display. Contrast ratio as a function of dye
films has enhanced. A typic&k dependence of PDFLC concentration and applied voltage is shown in figure 5(a,

films as a function_ of polymer vis_cosity at different tempep) and it was observed that lower dye concentration
ratures is shown in figure 3. It is seen tRaidecreases pp| c film has much higher contrast ratio than the higher
with increase in polymer viscosity. dye concentration PDLC films.

Optical textures of dichroic PDLC shows dominant

3.3 Droplet morphology of dichroic PDNLC films bipolar configuration in comparison to other configura-

' tions (radial, axial) as in figure 6(a—c). The size of LC
Droplet morphology and phase behaviour of nematic Ed;roplets was nOt',CEd_ in the range dfG-40um in all tr_‘e i
based dichroic polymer dispersed nematic liquid crys;t&VStemS and their sizes are mdepe_nd(_ent of electrlc_ field
(PDNLC) with 0125%, G25%, 05% and 1% (wt/wt) of and temperature. The optical transmission as a function of
dichroic dye, respectively was studied as shown in figuraeopl":"_d vc_)ltagt_e dgpendence at different dye concengra—
4. It is seen that liquid crystal droplet size in the lowelons Is given in figure 6(d). It shows that nearly 50%

dye concentration{0[25%) films is relatively smaller transmission can be achieved i1% dye doped sample
(in the range 5—15um) and more uniformly distributed ©Ve" 2% and 4% GHPDNLC samples. It can be concluded

forming spheroidal bipolar configuration (figure 4b) tharjfhat ~1,% dye shows higher transmission than 4% SamP'e-
higher dye concentration samples (figures 4c, d). We believe that the higher absorption on 4% concentration
These include bipolar, axial, radial and tc’)roidal (O|,eads to lower transmission of the guest host device. Thus

collapsed) configurations. Studies performed on dye dopgd?. dYye doped sample gives better transmission than
materials prove that a reduction in interfacial energy cdH9Ner dye concentration samples.

cause an increase in the fraction of collapsed or toroidal

droplets (Hall and Higgins 2003). We observed variatiod. Conclusions

in theTy_, values as a function of dye concentration. The

change in transition temperature from nematic to isotrop{t) In unaligned PDFLC films, liquid crystal droplet
phase is shown in table 1. We believe that this differenséze increases with increasing polymer viscosity whereas
in the transition temperature might be due to some coinaligned sample, liquid crystal droplets elongated along
taminations arising from dye and monomer moleculegée rubbing direction. The spontaneous polarization de-
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