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DIELECTRIC PROPERTIES OF A FERROELECTRIC  LIOUID
CRYSTAL MIXTURE UNDER BIAS ELECTRIC FIELD

TAPAS PAL MAJUMDER, SUSANTA SINHA ROY and SHBIR K. ROY
Dept. bpf Spectroscopy, Indlan Association for the
Cudtivation of Science., Jadavpur, Ualcutta - 70D D32,
India.

MUKUL MITRA
Pept. of Physics, Bangabasi Morning College, 19 Scott
Lane, Calcutta - 700 009, India

ABSTRACT The dielectric properties of a ferroelectric

Haguid crystal mixture of low spontanecous polarization
have been studied here as a function of DC bias
voltage, freguency and cell thickness. A small sharp
peak of dielectric constant 1= found to  become
prominent at the chiral =smectic C-smectic A phase
tranzition under the condition in which doldstone mode
iz suppressed. The relaxation fregquency, dielectric
strength and the rotational viscosity of the doldstone
mode have been determined undexr D.C. bias fleld.

INTRODUCTION

The discovery of ferroelectricity in smectic o* phase
and its subsequent applications in electro-optic device%'?‘
provides the system which has gained an increasing amount of
interest during last few vyears. An increasing number of
ferroelectric lquid crystals <(FLC) materials are coming up
day by day and much efforts are being made to characterize
Lhe thermodynamic properties of the systems both
experimentally and Lheoret,ically?-? In this context the
measurements of complex dielectric constant =  important
because in the same measurement both the static and dynamic
properties of the systems can be determined. The large

contribution to the dielectric constant. perpendicular . to the

helical axis in the smectic (.‘:"l phase is due to winding and
unwinding motion of the helicoldal structure, which arises

[3143)/577
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due to the fluctuation of the azimuthal angle of molecular
axis around the helicoidal axis. This contribution is called
the UOoldstone mode. A comparatively smaller contribution to
the dielectric constant comes from the tilt fluctuation of
the director. This relaxation mode is commonly known as soft
mode.

In most bpf the FLC materials, below the smectic
C‘;'-smect.h: A phase transition temperature (Tct A>’ as the
temperature start. decreasing the dielectric constant
increases to a maximum value a few degree below the
transition temperature due to the formation of ferrocelectric
c* phase. Recently Ozaki et 316"3 observed a small peak of
dielectric constant at Tct A for the FLC materials possessing
high spontaneous polarization (PS). The effect. of bilas field
on the dielectric properties of FLC materials are rare in the
literature. Only a few papers have been published so far in
this rield® 13
isolate the softmode from the doldstone mode. In the pre=sent

The bias voltage is generally applled to

paper the characteristic dielectric behaviour as a function
of frequency and bias elect.ric field for a low PS
ferroelectric Hquid crystal mixture <ZLI-3654-000> has been
reported. The dependence of the dielectric behaviour on the
cell thickness has also been investigated here. The phase
segquences of the sample is shown below:

A2 Oy

K < — 30% smc® 2% sma 76%¢ ch 86°

¢ I
EXPERIMENTAL

The complex electric permittivity was measured by using
sandwich type cells. Gold-plated and ITO-coated glass plates

were used as electrodes. We have used three cells of cell

thickness 17 pm, 40 pm and 100 um. The measurements were
carried out for planar configuration. The sample was aligned
parailel to the glass plates by slowly cooling <(cooling rate
0.2°C/min.> from its isotropic phase in presence of magnetic
field <10 kOG> for 40um and 100um cell but for 17um cell
thickness we simply cooled the cell {(cooling rate 0.2°C/min.>
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in presence of a 20 Hz ac field of amplitude 4vrms" For ITO
coated cell alignment was checked under polarizing microscope
and a fairly good alignment was achieved with large focal
conic texture. For goid plated cell we compared the
measurements with that was obtained from the ITO coated cell
with a known FLC material and a fairly comparable results
were cbhtained. Before actual reading t.he cells were
calibrated using air and highly pure benzene as standard
references. The Sct pitch of the FLC material s -3um at 20°¢
and the PS and tiit angle are —ZQnC/cm-z and 25 degree
respectively at 20°¢.

A Hewlett-Packard impedance analyzer model~-HP 4192AD
was used to investigate the frequency dependence of the real
and imaginary part of the electric permittivity of the sample
in the frequency range from 5 Hz ¢to 13 MHz. The temperature
of the sample was controlled by using Mettler Hot Stage
(model - FpP 3. The L C. biaxs fietd was applied
perpendicular to the helix axis i{ie. parallel to the layer
plane.

The relaxation frequency and the distribution parameter

have been calculated from Cole - Cole equationlbusing

v/u-(wr)l-h

Where v m [ { (o) ~ & Cwd X + ¢ evcwn® 1172

Um L€ oeCwd - edad D2+ ¢ evwd? 1172

e’ {w) = dielectric constant at a particular freguency.
e(nd) = fow frequency dielectric constant where the Cole -~
Cole plot cut the abscissa axis at. the lower freguency side.
e(ad = high frequency dielectric constant. where the Cole -~
Cole plot cut the abscissa axis at the higher frequency side.

A plot of .logw Cvrud  against. logm  should give a
straight ldne, the intercept on the abscissa axis corresponds

to fp and the slope gfves the distribution parameter h.
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RESULTS AND DISCUSSION
Figure 1 shows the typical graph of dielectric constant.

r-_=./ against. frequency at different bias electric field At low

-~ 150
c | |—0 Vvolt
,3 2— | Voit
c 3—5volt
s |00 4—10Voit
L
§ 50F
2
)
O 1 1 1
0.l [.0 10
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FIGURE 1 Plot. of dielectric constant vs. freguency
at. different D.C. bias field (at 58°CD.

frequency =side, a sharp change of dielectric constant is
observed as the bias voltage inocreases, but in  higher
frequency bias voltage has a Ulttle effect. on dielectric
constant; because at  higher frequency the OGoldstone mode
contribution to the dielectric constant in Sct phase has
already been suppressed due to  frequency  dispersion of

-

dielectric constant and further suppression of dielectric
constant. due to DG bias voltage is found smaller. The
temperature dependence of the dielectric constant at various
frequencies is shown in Figs 2 and 3. At lower freguency
(Fig. 2), temperature dependence of dielectric constant curve
shows a step wise increase of dielectric constant as the

temperature decreases from Tct but no such stepwise increase

ot dielectrde constant with tex:pex‘ature could be observed at
hizher frequencies because at higher freguency the dielectric
constant is suppressed due teo frequency dispersion and due to
t.hese suppression the stepwise increase o1 dielectric

constant may not be observed at higher freguency curves in
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Fig. 3. The temperature dependence of dielectric constant at
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FIGURE 2 Temperature dependence 0t the dielectric
constant in  the lower fregquency region (with cell
thickness of 17umd.
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FIGURE 2 Variation of dielectric constant with temperature in
high frequency region (with cell thickness of 17 amd.
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disferent cell thickness in figure 4 have been done at 1KHz,
which is higher than the relaxation frequency of the sample
and the dielectric constantt has been suppressed due ¢to
frequency dispersion and for the same reason no such stepwise

increase of dielectric constant i= observed in Fig. 4. A

| —100um 100
| 22— 40um
300 3— | 7um 75

.
b |
\
2

B
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8 200
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£ (50} 63
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2 100}
(]
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0) ] 1 L 1 st
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Temperature (°C)
FIGURE 4 Pielectric constant. vs. temperature at

different. cefl thickness (at 1 KHz).

sharp increase of the value of the dielectric constant a few
degree below ’!'clt A with the decrease of temperature can be
explained as follows - Aa the temperature ocools down below
TC'A the helicoidal structure begins to form but surface
interaction with the wall of the cell prevents the formation
of  helicoidal structure. As the temperature further goes
down, the chiral force dominates over the swurface force and

at. temperatures around 10°¢ below TC‘.‘ a complete formation

A
of the hellcofdal structure is over. As a result dielect.ric

constant attains a maximun valuve due to helicoidal! motion.



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:41 18 February 2013

DIELECTRIC PROPERTIES OF A FLC MIXTURE [3149)/583

But as the temperature further decreases the dielectric
constant. begins to fall at far below the Tc# A owing to the
fact that the viscosity onf the medium increases with the
decrease of temperature and the system get stiffer against
phase fluctuation and consequently dielectric permittivities
decreases. This type of behaviour of dielectric constant with
temperature in the Sc# phase Was also observed by
others ', but no such decrease of dielectric constant was
observed at far below Tct 5 temperature in higher freguency
curves, due to the suppression of Goldstone mode and as a
consequence o©f which the dielectric constant is greatly
reduced at. higher fregquencies and any further reduction of
dielectric constant due to lowering of viscosity at far below
TC# A May be negligibly small In Fig. 3 a smayl peak of
TG'A' This peak is

prominent. at 8 KHz and higzher fregquencies which are much

dielectric constant is appeared near

higher than the relaxation frequency of the Goldstone mode of
this compound. Therefore it is not related to Goldstone mode
contribution because at higher frequency around 10 KHz, there
should not be any peak in Sﬁt phase and at such high
freguencieas thers {2 practically ne contribution from the
Goldstone mode due to dispersion. Therefore it can be assumed
that this peak becomes cbservable owing to the suppression of
the Uoldstone mode at high freguency. Such a characteristic
peak was reported earliera for FLC materialzs with high values
of spontaneocus polarization. To get the better understanding
regarding this peak in our case we also measured the
dielectric constant as function of cell thickness and D.C.
bias field.

The helicoidal structure of FLC materials in Sct phase
is influenced by the surface effect. and dielectric constant
in such phase is also suppressed by the decrease of the
Goldstone mode contribution in thin cell For FLC materials
with high PS value the goldstone mode is suppressed even if
the thickness of the cell s greater than 200-300 ,um?

Temperature dependence of the dielectric constant at. three
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different cells of wvarious spacer thickness is shown in Fig.
4. Dielectric constant is found to decrease with the decrease
of cell thickness which Is guite consistent by the fact that
the helicoidatl motion in Sct is suppressed and its
contribution to the dielectric constant is greatly reduced in
thin cell. Conseguently a small dielectric constant peak is

become prominent in a thin cell at T This peak is become

*
CA
prominent owing to the suppression of doldstone mode
contribution at smaller thickness of the ceil. From Fig. 8 it

is also observed that as the DC. bias voltage increases in

| — O Volt

2— 3 Volt
35 3— 10 Volt
30

25
20
15

1O

0O 1 1 1 1
30 40 50 60 70

Temperature (°C)

I |
—

1 | T ¥

Dielectric constant

FIGURE S Dielectric constant vs. temperature at
different D.G. bias field.

the SCt phase the helicoidal structure gets unwound anpd the

helicoidal motion ceases. As a result a small peak appears at
Tct A at. higher DO field. Therefore it may be concluded that
the s=mall peak of the dielectric constant which is become

prominent. at Tct A is due to the sof't mode contribution which

aprises due to  the suppressien of the doldstone mode

contribution to the dielectric constant. Recently Levstik et
al.malsn reported the appearance of a small peak of
dislectric constant at TC# A from theoretical calculations. In

curve no. 4 of Flg. 3 a small anomalous dip of the dielerctric
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constant. is also observed at just below TC‘A' This can be
explained as follows-In the present studied sample the
relaxation frequencies of the =soft mode just at the
transition temperature iz around 6 - 10 KHz So at. frequency
higher than 10 KHz, dielectric constant of the soft mode
decreases with the increase of frequency due 0 anomalous
dispersion and the small dip is observed in the temperature
dependence of the dielectric constant curve. Thi=z anomalous
dip of dielectric constant in higher frequency was also
observed earlier by Ozaki et .a.l.8 From Fig. 5§ it is also
found that the abrupt change of the dielectric constant
ocours at. 61°¢. which is a little below the actual phase
transition temperature of the material observed in texture
studies under polarizing microscope. This is also observed by
Biradar et 3114 for this sample. They observed the smectic
C'—smectic A phase transition 2°C below the actual Tct A

Cole-Cole plots as a function of various DC. bias fields are

shown in Fig. 6.

o— O Volt
80 b A—— 2 VoIt
O— 5 Volt

1 1
0 40 80 120 60 200

FIGURE 6 Ccle—gjole plot at gifferent. D.C. bias field
in the smectic € phase (at S8 C).
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Figures 7 and 8 are given to show the variation of
dielectric strength (&ee) and relaxation frequency (fe) of
the Goldstone mode with DG bias voltage. From these two
graphs it is seen that the value of dielectric strength is
gradually decreasing and the relaxation frequency is
increasing with the increase of D.C. blas wvoltage which gquite

resembles to the earlier reported values“.m'm The dielectric

| —50°C

Dielectric strength

2
0 | i 1 3 1 1

0] 2 4 9) 8 10
dc bias (Volt)

FIGURE 7 Plot of dielectric strength (AEG) of the
Goldstone mode with D.C. bias field.

strength gradually decreases with applied DC. bias voltage -
predicts a continuous deformation of the helix. It can also
be observed from the Fig. 7 that as the transition approaches
the ocritical field for perturbing the helicoidal motion
becomes less. Since the sample has low PS value we could not
unwound the helfx completely at about 10 wvolt DG bilas

voltage. The relaxation frequency at different temperature as



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:41 18 February 2013

DIELECTRIC PROPERTIES OF A FLC MIXTURE [3153)/587

shown in Fig. 8 increases with the increase of bias field.
Near to transition temperature there is a sharp rise of
relaxation frequency with low bias veltage. Therefore it may
be conciuded that as the transition temperature approaches

the criticat field necessary t.o distort the helicoidal

—~ 25F

T | — 50°¢C

- i

— - — 58°C

= 2.0

1)

o

3 |.5F

b 3

-

c 1.OF l
.2

©

g 05" 2

)

o 0.0 L 1 I |

) 2 q () 8 |0
dc bias (Volt)

FIGURE B Plot of relaxation frequency of the
Goldstone mode with D.C. bias field.

structure becomes less. Rotational viscosity has been
calculated using the visco-elastic equat,ionzz
2
r
v, =
@ 2
-}ﬂ‘n.:D a (A..G !G)

vhere P = Spontaneous polarization
8 = tilt angle

From our Ay and t‘G values we have calculated the
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rotationat viscosity co-efficient C}";p) o this sample in the
Sct phase as a function of temperature uwnder DU bias
voltage. ¥Ye have taken the lit,ear.at,urr:\z3 values of Pq and tilt
angle (8> of this sample. In this case we have assL:x:ed that
these two parameters vary little with DPC. biaz voltage. The

Sy* phase with D.C.

bias voltage and temperature is shown in Fig. 9. It has been

2 020
~N

variation of rotational viscosity in the

| —50°C
2— 58°C

o
o

o
o

0.05

OOO 1 1 1 1 |
O 2 4 6 8 10

dc bias (Volt)

FIGURE @ Variation of rotational viscosity in the smectic C*
phase with DC. bias voltage at different temperatures.

Rotational viscosity {Kg

shown in Fig. 9 that Ps depends much on temperature but
slowly increase with bias wvoltage from 2Volt to 10Volits., The
viscosity ,v:p is found to be invariant by Srivastava et 31.24
The visco-elastic esquations contains PS and 141t angle 8
which are not truly independent of bliaz voltage but  in
calculation we have taken these as constant due to which our
viscosity results are found to vary a little with voltage.
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