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Effect of Surface Anchoring on Optical Bistability
in Deformed Helix Ferroelectric Liquid Crystal
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The effect of surface anchoring on the optical bistability in deformed helix
ferroelectric liquid crystal (DHFLC) has been investigated by electro-optical and
textural methods. The threshold voltage studies have been carried out in strongly
and weakly treated DHFLC cells. The long lasting memory effect has been
observed in weakly treated DHFLC cells, which is due to minimization of depolar-
izing and ionic charges. Moreover, the response time has been shown to exhibit the
dependence on the surface anchoring and the cell thickness. The informations
obtained could be helpful for optimizing the parameters for memory devices based
on DHFLC materials.

Keywords: deformed helix ferroelectric liquid crystal; memory effect; response time;
surface anchoring

1. INTRODUCTION

The interest in surface anchoring effect in liquid crystal (L.C) has been
received a large boost for the last few decades because of the search of
weak surface anchoring which is an important issue for a whole class
of liquid crystal display devices. The surface alignment in LLC displays
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has become much important as it controls the director of one of the two
states of the display. The LC materials are anchored at the substrate
along the preferred direction induced by the surface. Several align-
ment techniques have been reported in the literature [1-4]. The
surface anchoring effect in nematic liquid crystals (NLCs) has been
studied extensively from several decades to understand the precise
interaction between the surface and LC materials [5,6]. But the sur-
face anchoring effect studies in ferroelectric liquid crystals (FLCs)
has been reported rarely in literature because of the complexity in
surface interactions caused by the introduction of spontaneous polar-
ization and layer structure. Nie et al. [7] have explained the effect of
surface anchoring on the LC response time where the thickness of
the cell was also taken into account. To achieve the switching of the
surface director between the two states of the display device, the weak
anchoring becomes much important. Moreover, the weak anchoring
overcomes the disadvantages, e.g. the possibility of deposition of dust
particles [8] and creation of zigzag defects [9], produced by the well
known rubbed polymer alignment technique. Several methods for pro-
ducing the weak anchoring [10-14] have been reported. The weak
anchoring effect in NLCs has been studied well [8,10]. But such effects
in FLCs have not been studied. Among all FL.Cs, deformed helix ferro-
electric liquid crystals (DHFLCs) are very useful and have much appli-
cation potentials in display devices because of their low deriving voltage,
grey scale generation capability, easily achievable alignment even in
thicker cells, and fast response time [15,16]. Apart from these attractive
properties these materials have several advantages over surface stabi-
lized FLCs like better contrast and memory effect. In this article, the
effect of surface anchoring on the optical bistability has been studied
in DHFLC material. It has been shown here that the weak anchoring
lowers the threshold voltage. The prolonged memory effect has been
shown in weakly treated DHFLC cells. The dependence of response time
of DHFLC material on the surface anchoring has been demonstrated
with respect to the cell thickness. The experimental results have been
analyzed by electro-optical and textural methods in DHFLC cells.

2. EXPERIMENTAL

The DHFLC cells for the present study were prepared using indium
tin oxide (ITO) coated glass plates. We prepared three types of sam-
ples. For the first type samples, two electrodes were treated with poly-
mer (thick layer of Nylon 6/6) and strongly rubbed (the number of
strokes were kept forty with maximum rubbing strength), we called
them strongly treated (ST) cells. In second type samples, two
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electrodes were treated with polymer (thin layer of Nylon 6/6) and
then smoothly rubbed (number of strokes were kept twenty with
rubbing strength lower than that of the ST cells), they were called
medium treated (MT) cells. In the case of the third type samples, both
the electrodes were left untreated (neither polymer was coated nor
rubbed) and they were called weakly treated (WT) cells. Moreover,
we have not given any kind of surface treatment in the case of the
WT cells. The coating of the polymer and then rubbing in the case of
the first and second type samples were performed to obtain homoge-
neous alignment. The alignment in the case of the WT cells may be
possible due to the concept given by Miyano [17]. The glass plates were
assembled into cells maintaining a uniform gap of various thicknesses.
In this study, a DHFLC material (FLC 6304, Rolic, Switzerland)
having spontaneous polarization of 90 nC/cm? and a pitch value of
0.35 um was used. The phase sequence of this material is as follows.

Cryst. ¢ sm " 27 Sm A #€ 1s0.

The material was introduced into the cells by means of capillary
action at elevated temperature to ensure that filling takes place in
the isotropic phase. The smectic layers were arranged with layer
planes perpendicular to the cell surfaces. The electro-optical measure-
ments were carried out by applying an electric field parallel to the
smectic layers. For threshold voltage studies, the tilt angle was mea-
sured by observing the texture under polarizing microscope (Ax-40,
Carl Zeiss Germany) on the application of bias field. For optical
response, the sample was mounted on a polarizing microscope and
the transmission of normally incident polarized light through the
sample and analyzer was monitored with a photodiode. The time
delayed square pulse generated from the pulse generator was applied
to the sample and studied by using a storage oscilloscope (HM 1507-3,
HAMEG, Japan) interfaced with the computer via SP-107 software.
The textural studies were carried out by mounting the sample under
a polarizing microscope attached with a computer-controlled charge
coupled device camera. The response time and the spontaneous polar-
ization measurements were performed using automatic liquid crystal
tester (ALCT, Instec, U.S.A.).

3. RESULTS AND DISCUSSIONS

It has been observed that the weak anchoring is responsible for lower-
ing the threshold voltage in the LC materials [8,10]. The studies for
comparing the threshold voltage (the voltage required to switch the
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most of the molecules completely before the saturation voltage region)
in ST and WT sample cells were performed by taking the variation of
tilt angle at different DC voltages, which is shown in Figure 1. As can
be seen from the figure the tilt angle increases at lower voltage but it
starts to saturate as the field is further increased. No change was
observed in the tilt angle after certain voltage. The saturation in the
tilt angle in WT samples has been found almost at the half DC voltage
to that of the saturation for ST samples, which is clearly reflected in
the Figure 1. The decrease in the threshold voltage in the case of the
WT sample has been attributed to the weak anchoring because the
threshold voltage is found anchoring energy dependent [18].

Figure 2 shows the optical response of the DHFLC material for ST
(Fig. 2(a)) and WT (Fig. 2(b)) sample cells on the application of time
delayed square wave pulse of frequency 10 Hz and amplitude 20V.
As can be seen clearly from the Figure 2(a) that there is no memory
effect in ST cell. On the contrary, a complete memory effect was
observed in WT sample as shown in Figure 2(b). The memory effect
in these samples has been observed in a wide frequency range
(100mHz-100 Hz, but not shown in the figure). It has been found that
the memory effect in DHFLC material could be seen at certain fre-
quency and voltage [19]. The complete memory effect in WT sample
was due to the fact that we did not use any alignment layer in these
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FIGURE 1 Behavior of optical tilt (20) as a function of bias voltage for ST and
WT samples.
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FIGURE 2 Optical response of DHFLC at room temperature in 4 pm cell at
20V at 10Hz for (a) ST, and (b) WT samples.

kind of samples and no surface treatment was given to the cell i.e., the
conducting FLLC medium was directly in contact with the conducting
ITO coating. Because of this, there was an injection of free charges,
which screen or neutralize the depolarization and ionic charges. The
depolarization field is caused by the charges developed on the surface
of bounding glass plates as a result of attaining stable states when
electric field is applied to the sample. This develops free charges on
the bounding glass plates, which in turn develops a depolarization
field [20,21]. The origination of ionic charges may be due the fact
[22] that if the pulse width of the external voltage is larger than
approximately few hundred ps then accumulation of excess ions at
the interface between FLC medium and the alignment layers takes
place. These excess ions create the external field which combines with
the depolarizing field and becomes responsible for having no memory
effect in ST sample cells. It is worth mentioning here that minimum or
weak anchoring leads to the better memory effect ever observed in
DHFLC material.

Figures 3 and 4 show the textural observations in deep SmC* phase
by the application of 15V bias in ST and WT samples respectively.
Figure 3(a) shows the texture of virgin cell i.e., without the application
of any bias. A complete switched state was observed on the application
of 15V bias (Figure 3(b)). The sample switched back immediately to the
original state as the bias is removed which is shown in Figure 3(c). In
Figure 3(d), again scattering state has been shown. The last state did
not retrain in the ST sample because of the presence strong depolari-
zation and ionic charges. On the other hand, the last state has been
retained for many hours in WT samples. Figure 4(a) shows the texture
of virgin cell of the WT sample. A switched state was observed when
15V bias was applied to the WT sample (Figure 4(b)). Figure 4(c)



Downloaded by [University of California, San Diego] at 14:21 08 August 2012

Effect of Surface Anchoring on Optical Bistability 193/[1663]

FIGURE 3 Optical micrographs of 4 um ST cell at room temperature at (a) 0V,
(b) 15V bias, (¢) 10 min after removal of bias, and (d) again 0V.

FIGURE 4 Optical micrographs of 4um WT cell at room temperature at
(a) 0V, (b) 15V bias, (¢) 30 min after removal of bias, and (d) again 0V.
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shows that the memory was retained even after removal of bias [the
texture shown is after 30 minutes of removal of bias] unlike the ST
samples. The last memory state was retained even after a prolonged
period (e.g., for 90 hours) when bias was removed. The observation
of long lasting memory ensures the absence of depolarization field as
the last state retains for a long time. The memory state in WT samples
was switched back forcibly to the original state on the application of
sinusoidal field of low amplitude (1V) and high frequency (30-50 Hz)
which has been shown in Figure 4(d).

Figure 5 shows the response time [the sum of rise (switched on)
time and decay (switched off) time] as a function of cell thickness
where the effect of surface anchoring has been taken into account.
Nie et al. [7] reported the effect of surface anchoring on response time
where the dependence of cell thickness on the response was also taken
into account. According to them the response time is directly propor-
tional to cell thickness and indirectly proportional to the anchoring
energy however they derived two different formulae for strong and
weak anchoring. The dependence of cell thickness on different para-
meters e.g. dielectric constant [23,24], transition temperature [25],
electrical property [26], response time [7,27] etc. have been studied
well earlier. As the response time is inversely proportional to the
anchoring energy, so for weakly treated cell, the response time will

0.55
0.50 — /
0.45 —
0.40 —

0.35

Response Time (ms)

0.30

0254 u

0.20 v T v v T v T v T v T
0 2 4 6 8 10 12

Cell Thickness (um)

FIGURE 5 Behavior of DHFLC response time with cell thickness for medium
treated sample cells at room temperature.
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FIGURE 6 Behavior of spontaneous polarization (Pg) with applied voltage
for medium treated cells of different thicknesses at room temperature.

be large which is not good for display purposes. On the other hand the
response time will be small for strongly treated samples but the good
alignment is not achievable in such cells of higher thickness. So we see
the effect of response time with respect to the cell thickness for med-
ium treated cells. As shown in the Figure 5 that for having the fast
response, the cells of lower thickness and medium treatment are found
to be appropriate.

The behavior of spontaneous polarization with applied voltage for
medium treated cells of different thicknesses has also been observed
which is shown in Figure 6. We did this to see the behavior of sponta-
neous polarization with cell thickness where sufficient field was
applied for full switching. It has been found that spontaneous polari-
zation increases with the cell thickness. However, the behavior of
spontaneous polarization above the threshold voltage decreases with
the cell thickness in the cells having thickness below 6 ym and this
strange behavior would be carried out in detail, which will be reported
separately elsewhere.

4. CONCLUSIONS

The effect of surface anchoring on the optical bistability has been
demonstrated. It has been found that the threshold voltage is less in
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weakly treated cells than in the strongly treated cells. The long lasting
memory has been observed in weakly treated cells which are attribu-
ted to the absence of depolarization and ionic charges. The effect of
surface anchoring on the response has also been studied while thick-
ness dependence was taken into account. These studies open new ways
to understand the effect of surface anchoring on electro-optical proper-
ties of FLC material, the interaction of FLC molecules with surface of
cell substrate, and optimizing the parameters for liquid crystal display
devices.
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