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ON THE POLARIZATION REVERSAL OF THE SURFACE-
STABILIZED FERROELECTRIC LIQUID CRYSTAL

S.A.PIKIN

Institute of Crystallography, Moscow, USSR

Abstract Analytic solution describing the spread of
a solitary kink through the ferrocelectric smectic C
film is discussed.

INTRODUCTION

The polarisation reversal in thin films of the ferraelectric

smectic C liquid crystal stabilized by a surface is of great

1-3

interest because of the creation of the new type of displays.
In particular the mechanism of the polarization reversal
under existing conditions of work of such films is not clear
yvet. Parallel with numerical calculationsq—6 one should find
some exact solutions or some approximate solutions with de-
finite accuracy to make qualitative conclusions about the
course of these processes. The analytic solution describing
the spreading of a solitaxy kink through the film is found

and the conditions of existence of approximate solutions are

discussed in present paper.
KINX SOLUTION OF THE NONLINEAR PROBLEl

In general case the equation of director motion for the azimuth

angle Y(y,t) can be written in the form

2
PE sin® ¢+ 3T sin 2@ - g8 ay2 e af (1)

where P is the spontaneous polarization, E is the external
electric field, g is the elastic constant, ¥ is the viscosity

o . 2 .
coefficient. The magnitude I' = [, + gé(EIG) characterises the

201



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:43 19 February 2013

202 S. PIKIN

anisotropy energy conditioned by anisotropic dypole-dypole
interactions (I",) and by the ordinary dielectric anisotropy
Ea. The parameter I, must be proportional to the magnitude
QLB)Z, where O is the polar angle, rk is the piezoelectric
constant, fﬂ = (P/B ). The physical meaning of the anisotropy

', consists in the fact that the polarization fluctuations

o
result in the Coulomb interaction of polarizable charges which
hinders the development of these fluctuations. The preferential
direction of the spontaneous polarization in a cell can be
given by external influences and boundary conditions, the
direction can be fixed due to the existence of free charge
carriers in a film. The preferential orientation Y=1/2 in

a cell corresponds to the positive anisotropy (I'; > 0), the
orientations Y= 0 and Y=Y correspond to the negative
anisotropy (T, € 0).

By introducing the dimensionless variables ¥ = y/d and

{ = gt/’UdZ, where d is the cell thickness, one can rewrite

the equation (1) in the form

o
JAsin® - PB sin 2¢ + BY = ¢ (2)
where
PR’ ra® I % y
&____ P = o — — LP: i
ge t 29921 a'\y/2’ a% -
The equation (2) has the exact solutions
2
?::i arctg (3a)

~ A

exp( VB (F-9,) - o) -exp (- VB (F-F,) +aL¥)

Y- t+ arctg 2 (3b)

exp (~VB (7-F) - By -exp (VB F-F,)+ £ T)

which answer the boundary conditions

9] =0or [P =0 at |y -4Tl = o (4)
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The solutions (3a) and (3b) describe the solitary kinks of
the function 4(y,t) which are spreading along the y-axis
and in the reverse direction, correspondingly, with the

velocity

V = — = JE PEd(-gF)nl/2

A

The velocity (5) has the physical meaning at the negative

(5)

anisotropy I < O,

APPROXIMATE SOLUTIONS

In practical situation the boundary conditions for the film

with a finite thickness take the form

- _ +92.8¢%
Q sinp_ = g B (ay)S (6)

Taking into account the relation

sin = och [+ \/';7) T - ¥y - T =

I+

=~

one can rewrite the equation (6) in the form
g8 )ch Lt - F.) —afl - 0
(Qt\/}?T ply-v, : .

Thus the condition (4) is fulfilled approximately at<1%>>1
and ? >>1 only. At the equality

0t (-rg8%/2)1% = o (7)

the solutions (3a) and (3b), correspondingly, satisfy the
equation (6) everywhere on the y—axis, In the absence of the
equality (7) the solutions (3) can have the following meaning:
near one of cell surfaces, by chance, the orientational per—
turbation of the kink type shapes and then it is spreading

along the y axis, The width of such kink is about the magnitude
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d/%E‘, the time of its formation is, for example, larger than
2 . . a

£,~(Fd /gl ). In the time interval 5 >t>>t, the boundary

conditions (4) for the solutions (3) are fulfilled to within

a exponentially small value.

If the parameter of polar surface anchoring ¢ is positive,

the derivative Wé

in the boundary conditions (6) must be
positive. In that case the condition (7) can be fulfilled for
the solutions (3b) (+JU - kink) and (3a) (-% -kink) which
correspond to the motion of + T ~kink from the boundary ¥y=1
towards the boundary ? = 0 and to the motion of -X -kink from

~
X7

the boundary ¥ = 0 towards the boundary §'= 1 (see Fig.l).

T

+7

-
. . {
FIGURE 1. + R - kinks with positive derivatives 4%.

If the parameter @ is negative then the condition (7) can be
fulfilled for the solutions (3a) (-Jl - kink) and (3b) (+q -
kink) which correspond to the motion of - N - kink from the
boundary § = 0 towards the boundary § = 1 and to the motion
of +f - kink from the boundary ¥ = 1 towards the boundary

¥ = 0 (see Fig.2). The velocity of such kink motion is
determined by the expression (5). If the + T - kink (3a)
arises by accident near the boundary §'= 0 that corresponds
to the negative derivative W; then at @ > 0 this kink can

o~

not move towards the boundary y = 1 because such solution
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-

/
FIGURE 2. *+ W - kinks with negative derivatives Ws.

does not answer the boundary conditions (6). In that case the
vrimary perturbation (near the bcundary §'= 0) must spread
deep into the smectic layer by the diffusion manner.

The time t* ~ ( ¢F‘d/d«) is the characteristic time of
kink motion across the cell, it depends on the material
constants and the external field in the following manner:

(-gr) }/? Vg _ .. T w2, 1/2

O e O e (8)

Thus, under the action of strong external field the polariza-

tion reversal time stops to depend on the field E and is of

* ~ - ;
the order of t Jgi &a\ /}l >> t, f/)km. In minor szernal
fields the ratio t,/t* is of the order of f§8(g|r.|) , i.e
the polarization reversal time is defined by the time of kink

nucleation t, if 70> (g\l"o\)l/z.

CONCLUSIONS

The problem under consideration is spatially one-dimensional.

Actually the polarization reversal problem is three~dimensional.

The orientational perturbations can arise locally on film

boundaries and spread in depth of film and in the plane of



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:43 19 February 2013

206 S. PIKIN

film. Correspondingly, the velocity of the total polarization
reversal is defined by the smallest velocity of various
processes, the numbex of centres of the kink nucleation, the
interaction of solitary perturbations and other factors. This
problem is substantially nonlinear, it calls for a special
consideration by corresponding methods of solution. Such work

is in progress.
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