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INVESTIGATION O F  SWITCHING PROCESSES IN SmCx 
LIQUID CRYSTAL SAMPLES WITHOUT AND WITH 
CROSSED POLARIZERS 

A.JAKLI and L.BATA 
Central Research Institute for Physics 
H-1525 Budapest 114, P.O.B. 49. Hungary 

Abstractx Electrooptical responses of planar 
oriented SmC liquid crystal samples were investi- 
gated with and without crossed polarizers by apply- 
ing A.C. square voltages with different D . C .  bias 
voltages. The switching processes due to the bire- 
fringence and the transient light scattering were 
analized simultaneously. From the results we deduce 
stjme conclusions on the structure of the sample. 

INTRODUCTION 

Ferroelectric chiral smectic C (SmC*) liquid crys- 
tals have attracted significant attention because 
of the possibility of their application as high 

1 speed switching devices . 
In planar oriented S m C *  liquid crystals under 

the influence of a sufficiently high electric field 
director reorientation takes place when reversing 
the polarity. Due to the refractive index anisotropy, 
the different director alignments (corresponding to 
the different polarity of the electric field) result 
in different light transmission intensities between 
crossed polarizers. We refer to this switching mode 
as crossed polarizer mode (CPM). 

F o r  thickness (d) is shorter than the pitch ( p )  
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194 A. JAKLI AND L. BATA 

the director orientation remains stable even after 
the electric field is switched off. This type of 
bistable electrooptical switching was investigated 
by Clark et al.1,5 who found very short switching 
times in the range of 0.1-1 
In the case when the cell thickness is larger than 
the pitch a helical structure, accompanied by 

2 disclination lines, is present in the sample . 

Applying an electric field larger than the so called 
unwinding critical field EC a homogeneous unwound 
structure forms. Reversing the pol-arity of the field 
a different homogeneous structure is created r e s u l -  
ting in transmitted light intensity variation. ( s e e  
e.g. z l ? 1 8  

report on o u r  investigations of this type of 
switching by a step-wise reversed electric field. 
In order to find out more about the sample structure 
we measured the different switching times as the 
function of the D . C .  bias field and at different 
cell thicknesses. 

switching, light scattering occurs 3 , 1 " .  A S  a result 
of this process a transient light intensity de- 
crease can be detected without polarizers. This 
transient light scattering mode was investigated 
b y  Ozaki and Yoshino , It was found that this effect 
results in a very good contrast when the sample 
thickness is large compared with the helical pitch. 
O u r  aim i s  to investigate the switching times, 
detected with and without crossed polarizers 
simultaneously. F o r  this purpose we investigated 
the transient light scattering m o d e  (TSM) on the 

Psec. 

) .  In the fi rst part of this article we 

Due to the molecular rotations during the 
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INVESTIGATION OF SWITCHING PROCESSES IN SmC* 195 

same samp le  where  t h e  c r o s s e d  p o l a r i z e r  mode was 

i n v e s t i g a t e d .  These r e s u l t s  a r e  p r e s e n t e d  i n  t h e  

s e c o n d  p a r t  o f  t h i s  p a p e r .  

EXPERIMENTAL 

The e x p e r i m e n t s  were  c a r r i e d  o u t  o n  a homogeneous 

p l a n a r  o r i e n t e d  l i q u i d  c r y s t a l  b i n a r y  m i x t u r e  F k 4  

w i t h  t h e  p h a s e  sequence  

4 , 6  

I + Ch --P SmA + S m C *  --? SmI* 
67'1: 6 3 O C  2 9 O C  16'1: 

The p i t c h  p i n  t h e  SmC'  was a b o u t  5 /urn and homo- 

geneous  p l a n a r  o r i e n t e d  t h i c k  s a m p l e s  ( w i t h  h e l i c a l .  

s t r u c t u r e )  w i t h  1 5  urn, 30  /um a n d  6 0  /urn s a m p l e  

t h i c k n e s s e s  were  u s e d .  The s a m p l e  t h i c k n e s s e s  were 

c o n t r o l l e d  w i t h  an a c c u r a c y  o f  +2 

c h e c k e d  b y  c a p a c i t a n c e  m e a s u r e m e n t s .  

The s a m p l e s  were i l l u m i n a t e d  b y  a He-Ne l a s e r  beam 

and t h e  t r a n s m i t t e d  l i g h t  was d e t e c t e d  b y  a p h o t o -  

d i o d e .  The s i g n a l  o f  t h e  d e t e c t o r  was d i s p l a y e d  i n  

an o s c i l l o s c o p e  s c r e e n .  

We measured  t h e  s w i t c h i n g  t i m e s  when t h e  s a m p l e s  

w e r e  b e t w e e n  c r o s s e d  p o l a r i z e r s  ( c r o s s e d  p o l a r i z e r  

mode=CPM) and w i t h o u t  any  p o l a r i z e r  ( t r a n s i e n t  

l i g h t  s c a t t e r i n g  mode=TSM). 

The s w i t c h i n g  p r o c e s s e s  here a n a l i z e d  as t h e  f u n c -  

t i o n  o f  r e v e r s e d  f i e l d  and t h e  D . C .  b i a s  f i e l d  

a m p l i t u d e s .  

I n  a l l  e x p e r i m e n t s  t h e  samp le  was t h e r m o s t a t e d  a t  

T=23OC 

/ 

urn and w e r e  / 
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I96 A.  JAKLI AND L. BATA 

RESULTS 

A .  C R O S S E D  P O L A R I Z E R  MODE ( C P M )  

When t h e  p o l a r i t y  o f  t h e  a p p l i e d  f i e 1 . d  was r e v e r s e d  

s t e p - w i s e  a s  shown i n  F i g . 1 . a  ( a n d  w h e r  i t s  a m p l i -  

t u d e  was l a r g e r  t h a n  a c e r t a i n  t h r e s h o l d  v c l t a g e  

( U t h )  ) t h e  i n t e n s i t y  of  t h e  l i g h t  t r a n s m i t t e d  

t h r o u g h  t h e  p o l a r i z e r s  a n d  t h e  c e l l  g e n e r a l l y  c h a n g e d  

a s  i n d i c a t e d  i n  F i g . 1 . b .  

The s w i t c h i n g  t i m e  w a s  d e t e r m i n e d  a s  i t  i s  u s u a l  

( t h e  t i m e  w h i l e  t h e  t r a n s m i t t e d  l i g h t  i n t e n s i t y  

c h a n g e s  b e t w e e n  t h e  10% a r d  t h e  9 0 %  o f  i t s  maximum 

v a l u e ) .  

The d i r e c t i o n s  o f  t h e  c r o s s e d  p o l a r i z e r s  w e r e  c h o E e n  

S O  t h a t  in one o f  t h e  unwound  s t a t e s  of  t h e  s a m p l e  

t h e r e  was a c o m p l e t e  e x t i n c t i o n .  

F I G U R E  1. T i p i c a l  l i g h t  t r a n s m i s s i o n  i n  CPM 

a .  A p p l i e d  v o l t a g e  o n  t h e  s a m p l e  
b .  S i g n a l  o f  p h o t o d i o d e  

I n  t h e  c a s e  o f  s y m m e t r i c  v c j l t a g e s  ( n o  h i a s ,  U = 0 )  

we f o u n d  t h a t  the c o n t r a z t  i n c r e a s e d  w i t h  i n c r e a s i n g  

a p p l i e d  v o l t a g e  up t o  a t h r e s h o l d  v a l u e  U t h  b e y o n d  

0 
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INVESTIGATION OF SWITCHING PROCESSES IN SmC+ 197 

w h i c h  i t  was c o n s t a n t .  

F o r  Uth we g o t  t h e  f o l l o w i n g  v a l u e s :  
=, 

a t  d=15  um Uth%2V ( e E t h E 1 . 3 x 1 0 ' V / m )  

a t  d = 3 0  um 

and a t  d=60  um 

U n f o r t u n a t e l y  we have  n o  i d e a  why t h e  E t h a t  s a m p l e  

t h i c k n e s s  d=30 /um i s  l a r g e r  t h a n  i n  t h e  o t h e r  t w o  

c a s e s .  

The dependence  of  t h e  s w i t c h i n g  t i m e s  T U p ( U )  and  

'YD ( U )  on t h e  v o l t a g e  U f o r  t h e  s a m p l e  t h i c k n e s s  

d = 3 0  um i s  shown i n  F i g . 2 .  / 

/ 

/ 

/ 

5 U t h %  7 -8V( (JE th%2-2 .5x10  V / m >  

U t h %  9 - 1 0 V ( ( = L E t h ~ 1 . 5 - l . 8 x 1 0  V / m >  5 

FIGURE 2 .  Switching times Cup(U) and T,-J (U) versus 
appl ied step-wise vo l tage U with b i a s  
volzage Uo=O V i n  case o f  p lanar o r i e n t e d  
SmC l i q u i d  c r y s t a l  Fk4. 
Sample th ickness d=30 urn, T=23'C. / 

W i t h i n  t h e  error o f  o u r  measuremen ts  we f o u n d  t h a t  

Z U , ( U )  =T&J> - T ( u )  (1) 

I n  t h i s  e q u a t i o n  %,(U) ( o r  ~ , , ( U )  ) means t h e  

s w i t c h i n g  t i m e  when t h e  p o l a r i t y  of  t h e  a p p l i e d  
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A. J A K L ~  AND L. BATA 198 

v o l t a g e  c h a n g e s  f r o m  + s i g n  t o  - s i g n  ( o r  f r o m  - 

s i g n  t o  + s i g n ) .  

A t  d i f f e r e n t  D . C .  b i a s  v o l t a g e s  ( U o f O )  we f o u n d  
t h e  f o l l o w i n g  f a c t s :  

u O  U 
T' ,,,(U) a n d  7 ,O(U) 

a b i a s  ( U o )  w a s  a p p l i e d .  

F o r  U o = ~ 1 0  V we p r e s e n t e d  t h e  r e s u l t s  i n  F i g . 3 .  

m e a n  t h e  s w i t c h i n g  t imes  w h e n  

F I G U R E  3 .  S w i t c h i n g  times Y!;(U) and 'Y3I.J) v e r s u s  

a p p l i e d  r e v e r s e d  v o l t a g e  i n  case o f  D . C .  
b i a s  v o l t a g e s :  Uo=+10 V ,  Uo=-10 V and Uo=O V 

We e x p l a i n  t h e  l o c a l  m i n i m a  i n  t h e  c u r v e % : :  " ( U )  

b y  n o t i n g  t h a t  b e l o w  U r n 2 0  V t h e  r a t i o  o f  t h e  
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INVESTIGATION OF SWITCHING PROCESSES IN SmC* 199 

t r a n s m i t t e d  l i g h t  i n t e n s i t i e s  i n  t h e  t w o  unwound 

s t a t e s  ( t h e  c o n t r a s t )  i n c r e a s e d  w i t h  t h e  a p p l i e d  

v o l t a g e ,  t h a t  i s  i n  t h i s  r a n g e  t h e r e  was n o  s a t u r a -  

t i o n  y e t  i n  t h e  d i r e c t o r  a l i g n i n g  p r o c e s s .  

I n  F i g s  4a and 4b we p r e s e n t e d  t h e  s w i t c h i n g  

t i m e s  v e r s k s  t h e  D . C .  b i a s  v o l t a g e  U o  when t h e  

a m p l i t u d e  o f  t h e  A . C .  v o l t a g e  was U = 6 0  V .  

S i m u l t a n e o u s l y  we p r e s e n t e d  t h e  7 ( U + U o )  f u n c t i o n s  

a n d  f o u n d  t h a t  

U 
Y ( U - U 0 )  ( 5 )  

*G uo 
UP 

From t h e  

t h e  a p p l  

s y m m e t r i c a l  r e s p o n s e s  o f  t h e  m a t e r i a l  t o  

e d  f i e l d s  we c o n c l u d e  t h a t  t h e  s t r u c t u r e  

o f  t h e  s a m p l e  i s  s y m m e t r i c  w i t h  r e s p e c t  t o  t h e  s i g n  

o f  t h e  s p o n t a n e o u s  p o l a r i z a t i o n .  I t  means t h a t  

w i t h o u t  an e l e c t r i c  f i e l d  t h e  a l i g n m e n t  i s  a n t i -  

p a r a l l e l  a t  t h e  b o u n d i n g  p l a t e s .  

F u r t h e r m o r e ,  f r o m  e q u a t i o n s  5 and  6 we s e e  t h a t  t h e  

s w i t c h i n g  t i m e  i s  p r i m a r i l y  d e t e r m i n e d  b y  t h e  v o l -  

t a g e  w h i c h  s w i t c h e s  t h e  s p o n t a n e o u s  p o l a r i z a t i o n  

t o  t h e  o t h e r  d i r e c t i o n  p a r a l l e l  t o  t h e  r e v e r s e d  

e l e c t r i c  f i e l d .  W i t h i n  t h e  error o f  o u r  m e a s u r e -  

m e n t s  t h e  v o l t a g e  w h i c h  h o l d s  t h e  s p o n t a n e o u s  

p c l a r i z a t i o n  i n  t h e  o r d i n a r y  d i r e c t i o n  ( i f  i t  i s  

l a r g e r  t h a n  the u n w i n d i n g  c r i t i c a l  v o l t a g e  Uc ) 

does  n o t  p l a y  any e s s e n t i a l  r o l e .  T h i s  f a c t  i s  i n  

a good  a g r e e m e n t  w i t h  t h e  a s s u m p t i o n  t h a t  above  

U c  t h e  s a m p l e  s t r u c t u r e  does n o t  v a r y .  

We a l s o  measured  t h e  s w i t c h i n g  t i m e Y ( U )  a t  
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200 A. JAKLI AND L. BATA 

+ T I T  1 I 1  I I I I T T Y  

-60 -40 -20 0 20 40 60 U,(V) 

0 20 40 60 60 100 (60*U,)(V) 

-60 -40 -20 0 20 40 60 U,(V) 
100 80 60 40 20 0 (60-U,)(V) 

F I G U R E  4 .  The swi tch ing times a t  CPM as the  f u n c t i o n  
o f  D . C .  b i a s  vol tages Uo when the amplitude 
o f  the step-wise vo l tage is U=60 V 

samp1.e thicknesses d=15 um and d=60 um.The r e s u l t s  are o l o t t e d  

t o g e t h e r  w i th  t h a t  o f  s a m p l e  t h i c k n e s s  d = 3 0  um i n  

F i g u r e  5 .  T h i s  f i g u r e  shows t h a t  f o r  each  s a m p l e  

t h i c k n e s s  t h e r e  i s  a l i n e a r  p a r t  w i t h  t h e  same 

s l o p e .  H o w e v e r  i n c r e a s i n g  t h e  v a l u e  of 1 / E  t h o  

s w i t c h i n g  t i m e  f u n c t i o n T \ G ( l / E )  d e v i a t e s  f r o m  t h e  

/ / 
/ 
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INVESTIGATION OF SWITCHING PROCESSES IN SmC* 20 1 

l i n e a r i t y .  We d e f i n e  an e l e c t r i c  f i e l d  E o ,  as t h e  

f i e l d  where  t h e  a c t u a l  s w i t c h i n g  t i m e  i s  t h e  h a l f  

o f  t h e  v a l u e  t h a t  one w o u l d  o b t a i n e  b y  e x t r a p o l a t i o n  

f r o m  t h e  l i n e a r  p a r t .  E o v a r i e s  w i t h  t h e  samp le  t h i c k -  

n e s s :  

F l G U R E  5 .  Switching times vErsc:s the r e c i p r o c a l  value 
o f  e l e c t r i c  f i e l d  1 /E i n  case o f  sample 
thicknesses d=15 um, d.30 um and d=60 um. / / / 

F r o m  F i g . 5  we o b t a i n  : 

a t  d=15  um 

a t  d=30  um 

and  a t  d = 6 0  urn 

T a k i n g  i n t o  a c c o u n t  t h e  e r r o r  of  measuremen ts  we 

c a n  s a y  t h a t  E = E f o r  a l l  t h e  s.ample t h i c k n e s s e s .  

C o n s i d e r i n g  t h e  d i n a m i c a l  e q u a t i o n  f o r  t h e  d i r e c t o r ’  , 9  
i t  is c l e a r  t h a t q  - 1 j E  o n l y  i f  t h e  a p p l i e d  e l e c t r i c  

f i e l d  i s  l a r g e  enough t o  u n w i n d  the h E l i x  c o m p l e t e l y  

( E > E c ) .  

E o = 1 . 2 x 1 0  5 V / m  ( E t h = 1 . 3 x 1 0  5 V / m )  / 

/ 
/ 

5 5 

5 5 
E o = 2 . 6 x 1 0  V / m  ( E t h = 2 - 2 . 5 x 1 0  V / m )  

E o = 1 . 6 x 1 0  V / r n  ( E t h = 1 . 5 - 1 . 8 x 1 0  V / m >  

o t h  
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202 A. JAKLI AND L. BATA 

In t h i s  c a s e  t h e  d y n a m i c a l  e q u a t i o n  f o r  t h e  d i r e c t o r  

r e a d s  

- t * y  = P o *  E l s i n  ( 7 )  

w h i c h  h a s  t h e  s o l u t i o n  

where  - is t h e  r o t a t i o n a l  v i s c o s i t y  c o e f f i c i e n t ,  

- P o  i s  t h e  s p o n t a n e o u s  p o l a r i z a t i o n  

- i s  t h e  a z i m u t h  a n g l e ,  

- y o  = Yo(t=O) 

and  - 'Y = "L/(P;E) ( 9 )  

i s  t h e  s w i t c h i n g  t i m e .  

K n o w i n g  t h e  v a l u e  of t h e  s p o n t a n e o u s  p o l a r i z a t i o n  

P , E q . 9  makes p o s s i b l e  t o  d e t e r m i n e  t h e  r o t a t i o n a l  

v i s c o s i t y  f r o m  t h e  s l o p e  o f  t h e  l i n e a r  p a r t  o f  t h e  

c u r v e  T v s .  1 / E  ( E I E c ) .  The s p o n t a n e o u s  p o l a r -  

i z a t i o n  is P o = 1 0 5  P / m  a t  T=23'C6 h e n c e  we o b t a i n  

t h a t  e . g .  a t  T=23 C ( t = O . 2  p o i s e .  

From Fig.5 we c a n  s e e  t h a t  t h e  l i n e a r i t y  o f  the?! 

v s . l / E  does n o t  h o l d  when E < E c t h o u g h  E > E t h  t h a t  

i s  t h e  e l e c t r o o p t i c a l  c o n t r a s t  i s  m a x i m a l .  Pos-  

s i b l y  i n  t h i s  f i e l d  i n t e r n a l  t h e  e l e c t r i c  f i e l d  

c a n n o t  u n w i n d  t h e  s t r u c t u r e  c o m p l e t e l y .  Thesre a r e  
some d i s t o r t i o n s  v e r y  n e a r  t o  t h e  s u r f a c e s ,  b u t  

t h i s  r e g i o n  is so  t h i n  t h a t  i t  c a n n o t  i n f l u e n c e  

t h e  e l e c t r o o p t i c a l  c o n t r a s t .  

The b e h a v i o u r  o f  t h e s e  d i s t o r t i o n s  and  t h e i r  r e l a -  

t i o n s h i p  t o  t h e  s w i t c h i n g  p r o c e s s e s  i n  t h e  f i e l d  

r e g i o n  E < E c  w i l l  b e  t h e  o b j e c t  o f  o u r  f u r t h c o r n i n g  

p a p e r .  

0 

0 
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INVESTIGATION OF SWITCHING PROCESSES IN SmC* 203 

B .  T R A N S I E N T  LIGHT S C A T T E R I N G  MODE ( T S M )  

When we remove t h e  c r o s s e d  p o l a r i z e r s  and a p p l y  a 

s u f f i c i e n t l y  h i g h  a m p l i t u d e  s t e p - w i s e  v o l t a g e  ( s e e  

F i g . 6 a )  t h e  t r a n s m i t t e d  l i g h t  i n t e n s i t y  v a r i e s  a s  

we c a n  s e e  o n  F i g . 6 b .  

F I G U R E  6 .  T i p i c a l  l i g h t  t ransmission i n  TSM f o r  Fk4 
w i t h  sample th ickness d=30 urn 
a.  Appl ied vo l tage 
b.  S ignal  o f  t he  photodio& 

/ 

I n  c a s e  o f  no D . C .  b i a s  T l ( U > =  Y3(U) and  

T2(U)= y‘,(U). The v o l t a g e  dependence  o f  t h e s e  

s w i t c h i n g  t i m e s  p r e s e n t e d  i n  F i g . 7 .  

The d e f i n i t i o n  o f  r , ( U )  ( i = 1 , 2 , 3 , 4 )  a r e  t h e  f o l -  

l o w i n g :  

d e c a y  t i m e  r e s p e c t i v e l y  when t h e  a p p l i e d  v o l t a g e  

p o l a r i t y  c h a n g e s  f r o m  + t o  - s i g n .  

-y l (U)  and  r , ( U )  a r e  t h e  r i s e  t i m e  and  t h e  

- 7 , ( U >  and  T 4 ( U )  a r e  t h e  r i s e  t i m e  and  t h e  

d e c a y  t i m e  r e s p e c t i v e l y  when t h e  a p p l i e d  v o l t a g e  

p o l a r i t y  changes  f r o m  - t o  + s i g n .  D
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204 A. JAKLI AND L. BATA 

5 4 
01 1 I 1 I b 

0 20 40 60 80 U(V) 

FIGURE 7 .  Switching times 'Y. (U) ( i =1 ,2 )  vcrsus the  
amplitude of app l l ed  step-wise vo l tage I1 
w i t h  b ias  vo l tage Uo=O for Fk4 i n  TSM 
a t  T=23 C 

R e s u l t s  f o r  an a p p l i e d  D . C .  b i a s  v o l t a g e  o f  
U =: 10 V a r e  shown i n  F i g . 8 .  

On t h i s  f i g u r e  we c a n  s e e  t h a t  ( w i t h i n  t h e  error 
o f  our  measuremen ts )  

0 

7:' v ( U ) = 7 , 1 n  ' ( U )  andy; '  ' ( U > = t - ' @  ' ( U )  

f u r t h e r m o r e ,  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
18

 1
9 

Fe
br

ua
ry

 2
01

3 



INVESTIGATION OF SWITCHING PROCESSES IN SmC* 205 

0 .  
a 3 -  

2 -  

1 1  , . -  
0 -  
0 20 40 60 80 100 U(V) 

F I G U R E  8 .  Applied vo l tage dependence o f  swlbtching 
times o f  Ti ( i=1,2,3,4)  a t  T.23 C i n  
TSM f o r  Fk4 sample with the  th ickness 
d=30 urn. 
The b . C .  b i a s  vol tage i s  Uo=f10 V 

I n  o r d e r  t o  compare Zi- +I0" ( U >  ( i = 1 , 2 , 3 , 4 )  and  

% ( U  1 0  V )  we p l o t t e d  t h e s e  f u n c t i o n s  o n  t h e  

same f i g u r e  ( s e e  F i g . 9 a  and 9 b ) .  

From F i g . 9 a  and  9b we c a n  see t h a t  ( w i t h i n  t h e  

me a s c: r i n g e r r o r  ) 

and 

r e s p e c t i v e l y .  
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206 A. JAKLI AND L. BATA 

, , . r - - - T - - T -  

40 60 80 100 U(V) 

0 )  ' , , , , , , . , L 

0 20 40 60 80 loo U(V) 

F I G U R E  9 .  Comparison of t h e  s w i t c h i n g  times a t  TSM 
a s  t h e  f u n c t i o n  of a p p l i e d  v o l l a g e  U when 
t h e  a p p l i e d  D . C .  v o l t a g e  is U , = - l O  V 
and &O V 

C o m p l e t i n g  t h e  m e a s u r e m e n t s  a t  o t h e r  n o n z e r o  D . C .  

b i a s  v o l t a g e s  we a l w a y s  o b s e r v e d  s i m i l a r  f a c t s ,  
t h a t  i s  : 
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INVESTIGATION OF SWITCHING PROCESSES IN SmCf 207 

These facts coincide with those we got from o u r  
CPM studies (see Figs.4a and 4b). From these r e s u l t s  
we concluded that the switching times are primarily 
determined by the amplitude of the field reversing 
the sportaneous polarization, and that the boundary 
conditions are symmetrical resulting in antiparal- 
lel alignment at zero electric field. 

FURTHER REMARKS 

Comparising Figs.2 and 7 we obtain that 

21 TSM(U) + y  lSM(U) = (1.5'0.3).2CPM(U) 

From this fact we conclude that the transient light 
scattering mode is slightly more sensitive to the 
variation of the director configuration than the 
crossed polarizer mole. Thus when we see satura- 
tion in the transmitted light intensity via crossed 
polarizers, the l i g h t  scattering is still going on. 

Theoretically, the light scattering (due to 
depolarization) may be visible even through crossed 
polarizers thus disturbing the electroptical r e s -  
ponse in CPM. 
Supposing that the intensity of transient light 
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208 A. JAKLI AND L. BATA 

s c a t t e r i n g ,  a t t e n a u t e d  b y  t h e  c r o s s e d  p o l a r i z e r s ,  

i s  c o m p a r a b l e  w i t h  t h a t  of C P M  a s u p e r p o s i t i o n  o f  
t w o  s w i t c h i n g s  c a n  be s e e n .  

From t h e  n a t u r e  of  t h e  l i g h t  s c a t t e r i n g  i t  is e v i d e n t ,  

t h a t  t h e  i n t e n s i t y  of t h e  T S M  i n c r e a s e s  w i t h  t h e  

samp le  t h i c k n e s s ' ' .  A c t u a l l y  we o b t a i n e d  f o r  t h e  

Fk4 t h a t  e v e n  a t  s a m p l e  t h i c k n e s s  d=30  urn thc  i n -  

t e n s i t y  o f  t h e  T S M  a t t e n a u t e d  b y  t h e  c r o s s e d  p o l a -  

r i z e r s  (ITSM> i s  n e g l i g a b l e  compared  t o  t h e  i n t e n -  

s i t y  o f  C P M ( 1  C P M ) ,  n a m e l y  

/ 

< 1 / 2 0  
I T S M / I C P M  

However t h e  i n c r e m e n t  o f  t h e  v a l u e  fS?s so l a r g e  

when t h e  samp le  t h i c k n e s s  i s  i n c r e a s e d  f r o m  d=30,um 
f 

t o  d=60  um, t h a t  t h a n  I T S M  i s  c o m p a r a b l e  w i t h  

I "~, n a m e l y  
/ 

I T S M / I C P M  h/ 1 

t h u s  t h e  e l e c t r o o p t i c a l  p i c t u r e  i n  CPM i s  a f f e c t e d  

v e r y  s e r i o u s l y  b y  t h e  l i g h t .  s c a t t e r i n g .  A t y p i c a l  

t r a n s m i t t e d  l i g h t  i n t e n s i t y  a s  t h e  f u n c t i o n  o f  

t i m e  i s  p r e s e n t e d  i n  F i g . 1 0 .  

I I F I G U R E  1 0 .  
I I Typ ica l  l i . gh t  

- - -  - c - - - 4 - - - _ _  0 t ransmission i n  
CPM for Fk4 with 
sample th ickness 
d=60 um. / 
a .  Apc l ied vo l tage 
b .  S ignal  of the 

photodiode 

I I 
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INVESTIGATION OF SWITCHING PROCESSES IN SmC* 209 

C O N C L U S I O N  

We i n v e s t i g a t e d  t h e  s w i t c h i n g  p r o c e s s e s  i n  p l a n a r  
o r i e n t e d  SmC* l i q u i d  c r y s t a l  s a m p l e s  b e t w e e n  c r o s s e d  

p a l a r i z e r s  a n d  w i t h c u t  a n y  p o l a r i z e r s .  A p p l y i n g  t o  
t h e  s a m p l e  a n  e l e c t r i c  f i e l d  ( i f  i t s  v a l u e  is  l a r g e r  

t h a n  a c e r t a i n  t h r e s h o l d  o n e )  a p a r t  f r o m  t h e  p o s -  

s i b l e  d i s t o r t i o n s  v e r y  n e a r  t o  t h e  b o u n d i n g  p l - a t e s  
a u n i f o r m  d i r e c t o r  a l i g n m e n t  o c c u r s  h a v i n g  a n e t  
s p o r l t a n e o u s  p o l a r i z a t i o n  p a r a l l e l  t o  t h e  f i e l d .  
S w i t c h i n g  o f f  t h e  e l e c t r i c  f i e l d ,  a f t e r  some t ime a 
h e l i c a l  s t r u c t u r e  f o r m s .  B u t  r e v e r s i n g  t h e  e l e c t r i c  
f i e l d  p o l a r i t y  ( i f  t h e  a m p l i t u d e  o f  t h e  e l e c t r i c  
f i e l d  i s  l a r g e r  t h a n  t h e  t h r e s h o l d  o n e )  s w i t c h i n g  
t a k e s  p l a c e .  We f o u n d  t h a t  t h e  s w i t c h i n g  t ime i s  
i n d e p e n d e n t  o f  t h e  a m p l i t u d e  o f  t h e  o r i g i n a l  
f i e l d  a n d  i s  d e t e r m i n e d  b y  t h e  a m p l i t u d e  o f  t h e  o n e  

w i t h  o p p o s i t e  p o l a r i t y .  
B y  t h i s  t y p e  o f  m e a s u r e m e n t s  we c a n  d e c i d e  ( a n a l y s i n g  
t h e  a p p l i e d  f i e l d  p o l a r i t y  d e p e n d e n c e  o f  r e s p o r . s e  
t i m e s )  w h e t h e r  t h e  a l i g n m e n t  w i t h o u t  e l e c t r i c  f i e l d  

i s  p a r a l l e l  o r  a n t i p a r a l l e l .  E . g .  i n  c e l l s  f i l l e d  
w i t h  F k 4  a n t i p a r a l l e l  a l i g n m e n t  Wac a l w a y s  f o u n d .  

( I n  a l i g n i n g  we d i d  n o t  u s e  a n y  s u r f a c e  t r e a t m e n t ) .  
K n o w i n g  t h e  v a l u e  o f  t h e  s p o n t a n e o u s  p o l a r i z a t i o n  
a n d  m e a s u r i n g  t h e  s l o p e  o f  T ( l / E )  we c a l c u l a t e d  t h e  
v a l u e  o f  t h e  r o t a t i o n a l  v i s c o s i t y .  O u r  r e s u l t s  a n d  
c o n c l u s i o n s  w i t h  a n d  w i t h o u t  p o l a r i z e r s  a r e  i n  g o o d  
a g r e e m e n t .  
F i n a l l y  we p o i n t e d  o u t  t h a t  t h e  l i g h t  s c a t t e r i n g  
c a n  i n f l u e n c e  t h e  c h a r a c t e r i s t i c s  o f  t h a t  s w i t c h i n g  

w h i c h  i s  r e l a t e d  t o  t h e  r e f r a c t i v e  i n d e x  a n i s o t r o p y .  
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