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TEXTURES OF PLANAR ORIENTED FERROELECTRIC LIQUID
CRYSTALS IN ALTERNATING ELECTRIC FIELDS

ANTAL JAKLI, LAJOS BATA and NANDOR EBER
Central Research Institute for Physics
H-1525 Budapest 119, P.0.Box 49, Hungary

Abstract We inyestigated the behaviour of thick
chiral smectic £ samples subjected to an alternat-
ing electric field.Various patterns of electrohyd-
rodynamic instabilities have been observed below
the unwinding threshold. A resonance-like minimumn
has been found in the frequency response which is
connected with the conductivity of the substance.

INTRODUCTION

%

The chiral smectic C (SE) phases of liquid crystals show

a number of fascinating properties.They are ferroelectric

1-2

which fact gives rise to linear electromechanical and

!
' effects. This latter phenomenon makes

electroopticalz_
them potentially attractive for application in high speed
switching devices.

In this paper we report on our investigations of the
textures of planar oriented ferroelectric liquid crys-
tals under the influence of various electric fields (the
anplitude varies from zero up to the critical unwinding
one, and the frequency varies from DC up to 2 kHz).

The measurements were carried out on samples with

different,relatively large conductivities.
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EXPERIMENTAL

The electrooptical behaviour of sandwich cells were in-
vestigated by a microscope. The planar orientation of the
samples were established by a special shear method.5 The
homogeneity of the samples was sufficiently goond (sce
Fig.l). In the samples there were regions with a dianc-
ter about 200-300 un which were perfectly aligned with
their smectic layers in one direction, but the differ-
cnce between the directions of the smectic layer normal
ed 57. This small

he uncertainty of
0

in the neighbouring regions did nnt exce
difference in directions may he due to t
the shearing direction and the presence dust

particles.

f

(0.5%0.3 mn”). The stripes are parallel to the

icture of a planar oriented 55 samnp
smectic layers. Thz distance between two neigh-
bouring stripes is cqua.. to the helical pitch p=5un.
See Color Plate VIII.
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If the sample thickness i1s higher than the pitch, a
sequence of parallel straight stripes can be seen with

and without polariser These stripes correspond to the

(a6

dechiralization lines

One of the main goal of our measurements was to 1in-
vestigate the hechaviour of these stripes under various
alternating electric fields. For this purpose we used a
liquid crystal binary mixture FK4 with the phase
sequence7

5] ==== §g ==== Sy =-== Ch —==- 1
16°C 2990 63°¢ 67°C

The pitch and the spontancous polarization at T=23°C were
n=5um and P-107"

For the quantitative measurements two samples were
used. Sample A had a thickness of 60X2 um and an average
conductivity of 6-10"7 2m) ! wnidte sample B had a

e + .
thickness of 40-2 pm and an average conductivity of

2
C/m” rtespectively.

6:7x10~9 R~ The average dielectric permittivity in
both samples were & =4.5.

The qualitative behaviour of both samples werc very
similar.

In the low frequency region (helow 5 Hz) a periodic

shift of the dechiralization lines in the direction of
the helical axis can he ohserved with the frequency of
ithe applied field. This sideward shift was explained ear-
lier by Glogarova et als.

The amplitude of this displacement of lines in-
creases with the amplitude of the electric field, except
at the walls where domains with slightly different layer
normals join together.At these walls the lines are plnned
up yielding a hended stripe structure. Increasing the
clectric field further the continuous but bended stripes

hegin to split and reaching up a certain electric field
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all the stripes disappear. This field is called as the
unwinding critical field EC‘
In the high frequency region (above 10 Hz) one can

see the following structures:

a. At low field amplitudes the parallel stripes are in
rest.

b. At a certain threshold field E
stability occurs, the straight stripes become
sinusoidally distorted with a wavelength which is in
the order of the width of the monodomains.

th an undulation in-

c. Above Eth the pure sinusoidal pattern varies and
forms a zig-zag structurea.

d. Increasing the field the wavelength decreases and
simultaneously the line width becomes narrower.

e. Increasing the amplitude of the field further this
zig-zag structure becomes unstable and at the un-
winding critical field EC the stripes disappear.

This type of structure-morphology is shown in Fig.2 at
f=10Hz.

We measured the frequency dependence of the unwind-
ing critical field in both samples (Fig.3). Due to in-
homogeneities in the sample thickness EC varies in the
sanple. This variation was found to be less than 10%,
however during our measurements we always observed the
same area to avoid this uncertainty.

Disregarding the frequency interval around fmin the
curves are very similar to each other and the one meas-
ured by us on FK4 sample with a lower conductivity
w107 (aAamt
The sharp increase of the threshold field in the fre-
guency interval 5-10Hz is due to the different unwinding
mechanism in the low and high frequency regions.9 At high

frequencies the spontaneous polarization can not
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FIGURE 2 Textures of sample B under the influence
of AC electric field (f=10Hz, T=22°C). The distance
between the stripes corresponds to the pitch p=5um.
a. E= lO V/m: the parallel straight stripes are in
rest up to a threshold amplitude Eth—3x10 V/m.
b. E=3.5x10°
with a wavelength A=50 um.

V/m:sinusoidal undulation instability

E=6><105 V/m zig-zag structure.
E=9x105 V/m: perturbed zig-zag structure.

e. E=2x106 V/m: unwound homogencous structure. (The
unwinding critical field 1is EC=1.9><106 V/m.)
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FIGURE 3 Frequency dependence of the unwinding

critical field EF for two samples of FK4 at

7=23.5°C. Both curves show a minimum at a frequenc

fmin:BBUHz for sample A and fmin=25Hz for sample B
follow the electric field hence at low frequencies the
ferroelectric while at high frequencies the dielectric
interaction will unwind the helix.

It can be seen in Fig.3 that there is a resonance-

like minimum on both curves(at fm n:BBOHz on sample A a

i
-at f . =25Hz on sample B).

rrom the resistance R and capacitance C of our sanples

can calculate their characteristic frequencies fR whic

C
are independent of the sample geometry:

fpe = 1/(2RC) = 6/(2freeo) (1)
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From the measured impedances we obtained:
f

H

RC 350Hz for sample A and

b
RC
Thus, taking into account the measuring errors of capac-

= 25Hz for sample D.

itance, resistance and the unwinding critical field, we
conclude that

foe 7 Fnin
for hoth samples.

(2)

This identity suggests that the resonance-like mini-
mum in the frequency response is connected with the con-
ductivity of the sanples.

At frequencies near to fmin the unwinding mechanisn

55 different from the one described abnve.In the micro-
scope nne can see that at EC a real flow starts in the
directinn of the layer normal with a spatial periodicity
cqual to that of the zig-zag structure (Fig.4).
This flow makes the zig-zag stripes tear and move out in
opposite directions yielding an unwound texture. (A simn-
ilar mechanism was descrihed hy Labroo et al.lo in focal
conic SE samples.)

le have also ohserved that in the vicinity of fmin
the time necessary for the siripes to disappear varies
very seriously with the applied voltage and the temper-
ature as shown in Figs.5 and 6 for sample A.

From Figs.5 and 6 the following relations can be deduced:

logt ~ 1/(T-T,, (U)) (3)
and

logt ~ l/(U—Uth(T)) (4)
Since the velocity of flow is inversely proportional to
the time necessary for the total unwinding 1in a certain
area of the sanple one can ohtain from Eqgs.(3) and (4)
for the flow velocity that:

v Alexp(—l/(T—Tth(U))) (5)
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FIGURE 4 Schenatic representation of the flow in-

duced by an electric field E of a frequency fmin'
The direction of the flow is parallel to the smectic

layer normal n.

and

v ~aexp(—1/(U—Uth(T))) (6)

These proportionalities confirm that the flow is in-
duced by the electric voltage which has a threshold
value. This threshold behaviour indicates that some ener-
gy i1s needed to stear up the dechiralization lines. Equa-
tion (5) shows that this energy increases with decreasing
temperature.

Equation (6) is in good agreement with the measure-

10 Furthermore, estimating the ab-

nent of Labroo et al.
solute value of velocities from the diameter of the ob-

served area (0.5 mm) we obtained that the maximal value



o~

the same order as the one

posamMpciY.
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FK4

d-60 um
T-247°C

FIGURE 5(on the left)

FIGURE 6(on the right)

the time of the total unwinding for sample A at

of flow velocity at U =95V 1is
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The time of the total un-
winding versus applied electric voltage for sample A
at f_, =3B0Hz and T=24.7°C.

min

Temperature dependence of

.n:380Hz at different applied voltages.

v=0.25mm/s which 1s 1in
(v=0.2mm/s) reported for

We still have to explain the absence of minima in

the frequency dependence of the unwinding critical field
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in earlier measurements.7’9 In case of the FK4 sample
with low Conductivity7 the characteristic frequency is
fRC £ lHz. At this low frequency, however the unwinding
mechanism due to the ferroelectric coupling is stronger
than the one due to the flow thus the latter mechanism is
ineffective. The same arguments are valid for the meas-
urement on DDBAMBCg. ’

The detailed description of the possible mechanism
of unwinding around fRC will be presented in a subse-
quent paper within the framework of a theoretical model
which is capable to explain the appearence of sinusoidal
distortions as well as zig-zag structures.

Similar zig-zag structures can be observed under
other circumstances as well.

It is known that if we unwind the structure hy a
sufficiently high electric field,removing the field the
original sequence of the straight dechiralization lines
reappears very slowly. Generally it lasts more than
several minutes. However, if we apply such an electric
field that would distort the parallel stripes to a
zig-zag structure, a zig-zag structure developes also
from the unwound state quickly in several seconds. The
distance hetween the stripes were found to be in the
order of the pitch.

Similar patterns were found in various surface
stabilized samples too. These instabilities remind us of
the so called "fundamental domains" which were observed
by Petroff et al.l!

Yact this similarity is not surprising,because the

in nonchiral smectic C phases.In

' structure of an unwound chiral Sé phase is almost the
same as that of a nonchiral SC phase.
It suggests that the electrohydrodynamic instabil-

ities in SC and unwound or surface stabilized SF samples
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may develop by a common mechanism.

SUMMARY

We investigated the behaviour of planar oriented Sé
liquid crystals in electric fields.

In thick samples ( the sample thickness is larger
than the pitch ) we observed that at electric fields
Jarger than a certain threshold one Eth’ but less than
the unwinding critical field EC’ an undulation instabil-
ity of the originally straight parallel stripes occurs.

At fields near to the threshold (E bEth) the dis-
tortion of the stripes is sinusoidal which tends to have
a zig-zag shape at highér fields.

A minimum was ohserved in the frequency dependence
of the unwinding critical field E.. The minimum in the
frequency response coincides with the characteristic fre-
quency of the substance. In the vicinity of this
frequency the unwinding takes place by a flow.

Similar electrohydrodynamic instabilities were oh-
served on unwound thick samples and on surface stahilized

chiral smectic C samples too.
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