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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 ferroelectric 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 

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 

yet. Parallel with r,umerical calc~lations~-~ 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 solitary kink through the film is found 

and the conditions of existence of approximate solutions are 

discussed in present paper. 

1-3 

KINK SOLUTION OF THE YONLINEAR PROBLZi!. 

In general case the equation of director motion €or the azimuth 

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

where P is the spontaneous polarization, E is the external 

electric field, g is the elastic constant, $ is the viscosity 
L coefficient. The magnitude r z.. + &a (E 8 ) characterises the 
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202 S. PIKIN 

anisotropy energy conditioned by anisotropic dypole-dypole 

interactions (To) and by the ordinary dielectric anisotropy 

&a. The parameter ro must be proportional to the magnitude 
(Po ) ', where 6 is the polar angle, 
constant, = ( P / f j ) .  The physical meaning of the anisotropy 

ro consists in the fact that the polarization fluctuations 
result in the Coulomb interaction of golarizable charges which 

hinders the Sevelopment 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 v=K/2 in 

a cell corresponds to the positive anisotropy ( F o > O ) ,  the 

is the piezoelectric 

orientations 'p= 0 and 

anisotropy (ro 0). 

By introducing the 
N 2 t = gt/ T d  , where'd is 
the equation ( 1 )  in the 

v=x  correspond to the negative 

dimensionless variables 7 = y/d and 

the cell thickness, one can rewrite 

form 

where 

The equation (2) has the exact solutions 

2 
Yp-. 2 arctg (3a) 

exp( JF  (~-~~)-dZ)-exp(-Jg (F-F,)+DL?) 
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POLARIZATION REVERSAL 203 

The solutions (3a) and (3b) describe the solitary kinks of 

the function y(y,t) which are spreading along the y-axis 

and in the reverse direction, correspondingly, with the 

velocity 

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

ailisotropy r < 0. 

AFPROX I MATE 30LUT I ONS 

In practical situation the boundary conditions for the film 

with a finite thickness take the form 

Taking into account the relation 

one can rewrite the equation (6) in the form 

Thus the condition (4) is fulfilled approximately at $T>>l 

and f5 > > 1  only. At the equality 

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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204 S .  PIKIN 

d/’@ , t h e  t i m e  of i t s  formation i s ,  f o r  example, l a r g e r  than 

t o d (  3-d /g$). I n  t h e  t i m e  i n t e r v a l  - >t>>t, t h e  boundary 

condi t ions  ( 4 )  f o r  t h e  s o l u t i o n s  ( 3 )  a r e  f u l f i l l e d  t o  within 

a exponent ia l ly  s m a l l  value.  

2 d 
V 

If t h e  parameter of p o l a r  s u r f a c e  anchorinq Q i s  p o s i t i v e ,  

t h e  d e r i v a t i v e  

p o s i t i v e .  I n  t h a t  case t h e  condi t ion  ( 7 )  can be f u l f i l l e d  f o r  

t h e  s o l u t i o n s  (3b) (+R - kink)  and (3a)  (-’Jt -kink) which 

correspond t o  t h e  motion of -:-Z-kink from t h e  boundary = 1 

towards t h e  boundary $ = 0 and t o  t h e  motion of -%-kink  from 

t h e  boundary = 0 towards t h e  boundary = 1 ( s e e  F i q . 1 ) .  

yQ i n  t h e  boundary condi t ions  ( 6 )  m u s t  be 

F I G U R E  1. ? %  - kinks with p o s i t i v e  d e r i v a t i v e s  . q; 

If t h e  parameter Q is  negat ive then t h e  condi t ion  ( 7 )  can be 

f u l f i l l e t !  f o r  t h e  s o l u t i o n s  (3a)  ( -  - kink)  and (3b) (+x - 
kink)  which correspond t o  t h e  motion of - 3 - kink from t h e  

boundary y” = 0 towards t h e  boundary y” = 1 and t o  t h e  motion 

of +z  - kink from t h e  bounZary = 1 towards t h e  boundary 

= 0 (see F ic j . 2 ) .  The v e l o c i t y  of such kink motion i s  

determined by t h e  expression ( 5 ) .  I f  t h e  -:- 5 - kink (3a) 

a r i s e s  by acc ident  near  t h e  boundary = 0 t h a t  corresponds 

t o  t h e  negat ive d e r i v a t i v e  ‘p then a t  Q > 0 t h i s  kink can 

n o t  move towards t h e  boundary = 1 because such s o l u t i o n  

i 

S 
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POLARIZATION REVERSAL 205 

FIGURE 2 .  2 5  - k inks  wi th  nega t ive  d e r i v a t i v e s  . d 
does n o t  answer t h e  boundary c o n d i t i o n s  ( 6 ) .  I n  t h a t  c a s e  t h e  

primary p e r t u r b a t i o n  (nea r  t h e  bcundary y = 0)  must spread 

deep i n t o  t h e  smectic l a y e r  by t h e  d i f f u s i o n  manner. 

n 

The t i m e  t *  ( @ d / & )  i s  t h e  c h a r a c t e r i s t i c  t i m e  of 

kink motion a c r o s s  t h e  c e l l ,  it depends on t h e  material 

c o n s t a n t s  and t h e  e x t e r n a l  f i e l d  i n  t h e  fol lowing manner: 

I- 2 1 / 2  1 /2 
t * N  (-gf) N -  fi (. o -  & E )  

8’ a P Z  ?E 

Thus, under t h e  a c t i o n  o f  s t r o n g  e x t e r n a l  f i e l d  t h e  p o l a r i z a -  

t i o n  r e v e r s a l  t i m e  s t o p s  t o  depend on t h e  f i e l d  E and is of 

t h e  o rde r  of t *  - 
f i e l d s  t h e  r a t i o  t o / t *  i s  of t h e  o r d e r  of ae(g I r o l )  , i . e .  

t h e  p o l a r i z a t i o n  r e v e r s a l  t i m e  i s  de f ined  by t h e  t i m e  of kink 

nuc lea t ion  t o  i f  50 > (g I r,\) . 

g 1 & \ /)l >> to+  T/pE .  I n  minor e x t e r n a l  c -1/2 

1 / 2  

CONCLUSIONS 

The problem under cons ide ra t ion  i s  s p a t i a l l y  one-dimensional. 

Actual ly  t h e  p o l a r i z a t i o n  r e v e r s a l  problem i s  three-dimensional ,  

The o r i e n t a t i o n a l  p e r t u r b a t i o n s  can a r i s e  l o c a l l y  on f i l m  

boundaries and spreac?. i n  depth’ of f i l m  and i n  t h e  > lane  of 
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206 S. PlKIN 

film. Correspondingly, the velocity of the total polarization 

reversal is defined by the smallest velocity of various 

processes, the number 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 correspondinq methods of solution. Such work 

is in progress. 
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