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ELECTROOPTICS OF A THIN FERROEIECTRIC
SMECTIC C* LIQUID CRYSTAL LAYER

M.I.BARNIK, V.A.BAIKATOV, V,G,CHIGRINOV,
E.P.POZHIDAEV

Organic Intermediates & Dyes Institute,
Moscow, 103787, USSR

Abstract The form of ferrcelectric smectic

C*¥ electrooptical response vs the layer thi-
ckness and the angle B between the polari-

zer end analyser is investigated., The crite-
rion of the smectic CEswitching rate is pro-
pozed and the method for the rotational vis-
cogity measurements is developed.

INTRODUCTION

The great interest is concentrating in studyng
the electrooptic effect in thin homogeneously
oriented smectic C* layers, having small thick-

nesses L~1 -5 p V' =9, In this case the sme-
ctic C* helix pitch P > L and is unwound due to
influence of boundary conditions. This smectic C

10 as Surfase Sta-

director alignment, defined in
bilized Ferroelectric Liquid Crystal Structure
(SSFICS), is characterized by several thermodyna-
mically steble and optically distinguished states
with the electrical field switching between
them'© = 12,

Though the switching rate of ferroeleciric
liquid crystal (IC) (the speed of electrooptical

response) has been investigated in experimen-
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ta13~5’8 and theoreticalg’ 12

does not exist the detailed study of this respon-

works, there still

se in dynamics vs smectic C* physical parameters
and the layer thickness. Consequently, the accu-
rate criteria for measuring the smectic C*elect—
rooptical response speed are also abgent., To fill
this gap is the aim of our paper. We also propose
the method for determination of the rotatiomal
viscosity Z} *with respect to rotations ¥ aro-
und smectic C layer normal.

THEORY

Consider a homogeneously oriented layer of a
smectic C* liquid crystal in linear electrooptic
effect (Fig, 1). When the electric field E chan-~
ges its sign the polarisation Ps of smectic C*
is also reversed and the director rotates around
the layer normal (Z - axis) to its new state
(Fig. 1). While in the initial state the smectic
C* director coincides with the polariser
(n(-E) // P), in the final state the director
n(#Efforms the angle 26, with the plane of the
polariser. The analyser A, placed at the angle
JB with the polarise:, provides the variation of
the output smectic C electrooptic transmission
response.,

According to phenomenological theory of S.A.
Pikin13, the director rotation around the smec-
tic C* layer normal Z (parallel to the substra-
tes) (Fig.1) may be described as follows:

=t Bty Ctem e = (1)
K6, 722 + Py £ Sy = a; g%’
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vhere ¥ is the rotation angle, 0, ~ smectic c*
director tilt in the layer, 2', J} - elestic
and vigcogity constants with respect to azimu~
thal ¥ deformations, t - time.

Tig.1. At the top: the location of the pola-
rizer (P), analyser (A) and C* director angle
in the initial n(<E) and final n(+4E) states.

Bottom: The intermediate position of the di-
rector during its rotation around the smectic
C* layer normal. '

The equation (1) ignores the variations of the
smectic C* layer tilt angle under the influence
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of the electric field E, which is correct, if

the working temperature is not too close to the
smectic C* - smectic A transition point13. Our
qualitative theoretical description also does not
take into account the boundary conditions and the
elastic term ~vK6k in equation (1). Accor=-

9 =12 thls is reasonable in case of suf-~

ding to
ficiently large switching fields. Thus, neglec-

ting the first term in (1) we have:

¥ =aecty (4-exp (f/'rc))) A= t2 %4

(2)
Y= P(t<0), z.= Yo /RE

The value of 7, 1in (2) may be taken as a
criterion for the evaluation of smectic C swit-
ching rate in linear electrooptical effect.

Since (2) is an approximate solution for the
director angle and the constant A in (2) has no
clear physical origin1? its value may be chosen
from the best matching of theoretical and experi-
mental characteristics of smectic C*electrooptic
response.

The variation of the optical contrast ///

( / - is the initial intensity level, / - trans—
mitted intensity) in linear electrooptic effect

may be described as follows14 :

//f -fthz(/ fl) S(/)Q(“-‘ - o 4+fz) (3)

where f= ﬂexp (é/fc.), (S°= %{)—"[%j; ‘4)@},
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ad= Z—g,é'/ﬁ//'/a) , A = light wavelength,2,,
N, - smectic C refractive indices parallel and
perpendicular to the director respectively,ﬁ:eﬂ
- the angle between the polariser and anslyser.
One can use the relation (3) for the appro-
ximation of experimental -//Io curve, obtained
in electrical field switching process (Fig.2).

%ﬁ,ﬂ. 10 ]

577

1
|
|
|
I
I
|
|
[

ts, 100 tgo 200 f,/agec

Fig.2. Electrooptical transmission response
of DOBAMBC: (x)-experimental data (the exter-
nal voltage U =4v), solid line - the result
of computer fitting procedure by the least
squares method with the help of the formula
(3). The following parameters are used in the
calculations: L=t M , A =0,634 , n,=1,7,

n, =1,5, 6,=0,44. The computer fitting gives
A=2, T =95 gsec, while according to the
approxifiate” formila (6) we have f(c=90ﬁse‘9.

Let us note, that the optical contrast_r/_];
considerably depends on the smectic C layer
thickness (Fig.3). One can easily show, that for

L= KA/ (1) (K =0, 1, 2,...) the curve
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I /7, (t) passes through the maximum, while for
L= (K+1/2) A /(A-#) (K=0,1,2,...) the optical
contrast J/]; (t) always increases with rising
the time t (Pig.3). Thus the layer thickness non-
uniformity A L within the smectic C* electrooptic

cell working area must satisfy the requinement14
A (4)
L e
al = E(y-y)
Jaz
e
/_2_
L -nd
80 § 5 =2, %,..
60
40 1
3
%%,
20 1
‘ _4%,1_4 12, ...
C w0 20 30 w0 L psec

Fig.3. Electrooptical transmission response of
ferroelectric smectic C* liquid crystal, cal-
culated by means of (3), vs the layer thick-

ness L. We use in the calculations: 2 =0,63x,
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n/[=1,7, nJ_=1 ’5) @D=093! A=O’4'39 TC=66/'S€C’
L= A/(ny= n;} =3,15p . The layer thickness
L°=KL,/4 (4, = rk/2 ), where K=1,2,

.e.9 — the number of the corresponding curve,

The form of smectic C* electrooptic response
J/]; (t) can be affected by varying the angle f3
between the polariser and analyser (Fig.1). Using
the well known formu],a15 we have:

Z[/];)ﬁ: cos?f3 - sifz/{/e,;{‘—}-z) :
sin (48, F5-2p) st (4~ 8, 2L )
Fig.4 shows, how altering the angle 3, one ob-

taing the monotonous rise of the optical contrast
for the sufficiently high values of time t.

(5)

_B=90°

J5 =G0°+2 &,

100 200 300 400 tipgsec

Pig.4. The electrooptical response of ferro-
electric smectic C* liquid crystal vs the
angle f3 between the polariser and analyser
for the curve N7 (L=TL_ /4) of Fig.3.
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EXPERIMENTAL AND DISCUSSION
We investigated in experiment the electroop-

tical transmigsion response of homogeneously ori-
ented ferrocelectric smectic C*liquid crystal
(DOBAMBC), placed between the polarizer and ana-
lyser (Fig.1). He-Ne laser with A =0,63 m  was
used as a light source. The external voltage,
applied to the cell, was taken in the form of bi-
polar pulses, which mekes it possible to study
the dynamics of smectic C* transmission after the
abrupt change of the voltage sign. The layer
thickness L ~5 - 8 M

Fig.2 shows the experimental dynamical tran-
smission curve of DOBAKBC in case, when the phase
retardation_Agizzz%tf%”””‘x39r . The computer fit-
ting of the _Z/Jn (t) electrooptic response with
the help of the formula (3) is seen to provide a
good agreement with the experimenta] data. The
time constant, obtained by the least squares te-
chnique was zc=95quec.

Using the equation (3) we derive a simple
formula for ¢ ., which makes possible the direct
evaluation of e without the procedure of com-
puter fitting the experimental J-[]' (t) dates ' ?

. ool Zo0- s
.= %9o-lso 1 0y (6)
¢ ails Y

The approximate value of f(;9Qf4sec received
by means of (6), matches the value of T.» teken
from the procedure of the computer fitting with
the accuracy of 6%.

In experiment we appraised the DOBAMBC di~
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rector free relaxation time Z&e14-30 - 60 msec,
which is much longer than the characteristic di-
rector responsge time zc)(Fig.2). We also chose
the layer thickness L for which the apparent dy-
namical threshold was less than 0,5v, while the
working voltage was 4v. Then our experimental
data may be described within the framework of¥qu-
alitetive theory. According to that, the electro-
optical switching rate of smectic C* zc was mea-—
sured by the following procedure. Firgt of all,
the sppropriate angle f3 between the polariser
and analyser was chosen, to provide a monotonous
rise of electrooptic response. Then the charac-
teristic times t90 and tSO were defined, and the
value of g  (6) was calculated.

We also measured the temperature dependence
of the smectic C* DOBAMBC switching rate vs tem-
perature, Taken into account the well-known tem-
perature dependence of the polarisation of DO-
BANBC PS(T), we obtained by means of (2) the
corregponding temperature characteristic for the
rotational viscosity x; (Fig.5).

The rotational viscosity & , measured in
our experiment, acts a role of a kinetic coeffi-
cient, degscribing the dynamics of the azimuthal
smectic ¢ director angle ¥ for the fixed polar
angle é% . The paper16 give the temperature de-
pendence of the another smectic C* rotational
viscosity )%% , related to the dynemical relaxa-
tion processes of the polar (tilt) angle 6% at
a constant value of ¥ (Fig.6). The comparison
of the ¥y end 5%% leads to the conclusion,
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that, in general, one deals with the tensor of
%

smectic C viscosity, X'gand xso being its

principal components,

T msec
Y [ 6.0
)

Poise - X

0:8 9 o 4,0

06 - . s I

8 [
84 - - 2,0
x [
02 1 ¥ r-
®
0 5 5 g5 g 9517

Pig.5. The switching rate T . and the rotati-
onal viscosity of DOBAMBC vs Ctemperature.

The layer thickness L = 7,3 M . The bipolar
rectangular voltage pulses with the amplitude
U = 2v and frequency f = 50 Hz are used in
experiment.

X‘ 90 80 70 T; i sd

Poise’ ) ‘
o %

Wt

fy

\G

28 29 ’D%; oK

Fig.6. The DOBAMBC rotational viscosities
with respect to azimuthal director variations
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Y - [_:‘, and tilt angle @, ones - ¥y .

However, if the 6% variations are small, the
electrooptuc response dynamics may be described
only with the help of x; rotational viscositye.
Fig.5 and Pig.6 demonstrate, that the x& compares
in value with the typical rotational viscosgity
of nematic LCs at room temperatures (or even
less), while x%k remains by one or two orders of
magnitude greater. The small values of chiral
smectic C* liquid crystal viscosity J& may be
explained by the symmetric peculiarities of sme-
ctic C*: the dissipation of C* free energy pro-
cess of the director rotation around the layer

normal remains reasonably low,
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