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ELECTRO-OPTIC D Y N A M I C  HYSTERETIC BEHAVIOR OF 
WEAKLY-ANCHORED TWISTED NEMATIC LAYERS : 

EXPERIMENT A L RESULTS 

H .  P. H I N O V  
I n s t i t u t e  of S o l i d  S t a t e  P h y s i c s  
Boul. Lenin 72 
S o f i a  1 1  84 B u l g a r i a  

The e l e c t r o - o p t i c  dynamic h y s t e r e t i c  e f f e c t  of 
weakly-anchcred t w i s t e d  nematic  c e l l s  i s  r e p o r t e d .  
I t  depends on the  r e l a t i c n  between t h e  r e l a x a t i o -  
n a l  t ime of t he  nematic  d i r e c t o r  and t h e  sweeping 
r a t e  o f  t h e  A C  v o l t a g e  up and down. A l a r g e  dyna- 
mic h y s t e r e s i s  c a n  be o b t a i n e d  a t  h i g h  t h r e s h o l d  
and a p p l i e d  v o l t a g e s  and a r e l a t i v e l y  f a s t  sweep- 
i n g  r a t e  of  the e x c i t a t i n g  e l e c t r i c  f i e l d .  The 
l i q u i d  c r y s t a l  p a r a m e t e r s ,  t h e  t h i c k n e s s  of t h e  
c e l l s  and t h e  v a l u e  o f  t h e  t empera tu re  might  be 
i m p o r t a n t  as  w e l l .  

1. INTRODUCTION 
I n  t h e  l a s t  t ime one n o t e s  a c o n s i d e r a b l e  e f f c r t  i n  
s e a r c h  of b i s t a b i l i t y  e f f e c t s  i n  t h e  t w i s t e d  n e m a t i c s  

( T N s )  due t o  t h e i r  wide u s e  i n  t h e  d i s p l a y  t e c h n i q u e  

and t h e i r  m u l t i p l e x  d r i v i n g .  R e c e n t l y ,  more t h a n  15-20 

p a p e r s  were p u b l i s h e d  c h i e f l y  by s c i e n t i s t s  w i t h  Bell 
L a b o r a t o r i e s .  our aim i s  t o  p r e s e n t  a n o v e l  and i n t e -  

r e s t i n g  dynamic h y s t e r e t i c  e f f e c t  (Dm). Me have obser-  

ved t h i s  e f f e c t  a f t e r  i n v e s t i g a t i o n  of t h e  c o n v e n t i o -  

n a l  b i s t a b i l i t y  i n  a c h o l e s t e r i c  (Ch) l a y e r  w i t h  weak 

a n c h o r i n g  when t h e  sweeping r a t e  of t he  AC v o l t a g e  up 

and down was s u f f i c i e n t l y  fas t ’ .  F u r t h e r ,  a u r  s t u d y  
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58 H .  P. HINOV 

was e x t e n d e d  on a nemat i c  ( N )  m i x t u r e  w i t h  p o s i t i v e  d i -  

e l e c t r i c  a n i s o t r o p y ,  weak a n c h o r i n g  and r e v e r s e l y - p r e -  

t i l t e d  s u r f a c e  b i a s  a n g l e s .  Again we obse rved  a l a r g e  

DHE i n  a wide r ange  o f  t h e  sweeping r a t e  of t h e  e x c i t a -  

t i n g  v o l t a g e 2 .  Another  t y p e  of DHE has  been obse rved  by 

Gerber  i n  t h e  r e a r r a n g e m e n t  of f i n g e r p r i n t  and s c r o l l  

t e x t u r e s 3 .  DHE of a TN u n d e r  low f r e q u e n c y  v o l t a g e  

( a  t r i a n g u l a r  s i g n a l  w i t h  a f r e q u e n c y  of 0 , 5  Ha) was 

obse rved  by Vlad4. However, a t  such  a low f r e q u e n c y  t h e  

e l e c t r o d e  p o l a r i z a t i o n 5  , t h e  n a t u r e  of  t h e  e l e c t r o d e s  

a n d  the  p o s s i b l e  i n f l u e n c e  of t h e  f l e x o e f f e c t ,  e t c .  a r e  

imp o r  t a n t .  

2. COMPAUNDS AND SAMPLE PREPARATION 
We have i n v e s t i g a t e d  a N m i x t u r e  c o n s i s t i n g  of a 90 % 
w t .  MBBA and a 10 % w t .  5 C B  w i t h  p o s i t i v e  d i e l e c t r i c  

a n i s o t r o p y  measured t o  be between 1.5 and 2. The u s u a l  

g l a s s  p l a t e s  cove red  by a s e m i t r a n s p a r e n t  c o n d u c t i v e  

l a y e r  were i n i t i a l l y  s t r o n g l y  rubbed by a diamond p a s t e  

and were c o v e r e d  by a t h i c k  l a y e r  of common soap. The 

second r u b b i n g  w i t h  a c l o t h  b e i n g  i n  t h e  same d i r e c t i o n  

was a b l e  t o  p r e d e t e r m i n e  t h e  s i g n  of t h e  t i l t  a n g l e  

( s e e  F i g u r e s  l a ,  l b  and l c ) .  A f t e r  t h e  second r u b b i n g  

a small q u a n t i t y  of t h e  soap r ema ins  e s p e c i a l l y  i n  t h e  

d e p t h  of t h e  g rooves  ( F i g u r e  I d )  . I n  such  a way of t he  

glass p l a t e  t r e a t m e n t  i t  i s  n o t  p o s s i b l e  t o  know t h e  

number of  t h e  soap  l a y e r s  and t h e  o r i e n t a t i o n  of t h e  

soap  molecu le s .  T h i s  i s  p o s s i b l e  on ly  by t h e  u s e  of t h e  

Blodjet t -Lengmuir  t e c h n i q u e .  However, t h i s  way of t h e  

soap  t r e a t m e n t  c a n  de te rmine  r e p r o d u c i b l y  v e r y  w e l l  

o r i e n t e d  N l a y e r s .  
0 By a n  a p p r o p r i a t e  90 - t w i s t i n g  of one of t h e  

glass  p l a t e s  i t  i s  p o s s i b l e  t o  o b t a i n  a weakly-anchored 
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DYNAMIC HYSTERESIS IN WEAKLY-ANCHORED TNL 59 

SOAP 

FIGURE 1 A way of t h e  glass  p l a t e  t r e a t m e n t :  
a )  t h e  r u b b i n g  d i r e c t i o n  c a n  p r e d e t e r m i n e  t h e  s i g n  
of t h e  s u r f a c e  LC t i l t :  b )  t h e  groove a f t e r  t h e  
f i r s t  r u b b i n g ;  c )  c o v e r i n g  of t h e  glass p l a t e s  w i t h  
a t h i c k  soap  l a y e r :  d )  t h e  g roove  w i t h  a p a r t  of 
t h e  soap  a f t e r  t h e  second r u b b i n g  

MBBA-5CB N m i x t u r e s  w i t h  a r e v e r s e  p r e t i l t  of t h e  LC 
molecu le s  a t  t h e  glass s l i d e s .  The 5CB N mo lecu le s  

p r e f e r  t o  s t a y  p e r p e n d i c u l a r  t o  t h e  glass p l a t e s  used 

by us .  Due t o  t h i s  r e a s o n  t h e  o r i e n t a t i o n  of t h e  LC mo- 

l e c u l e s  i s  t i l t e d  r e l a t i v e  t o  t h e  g l a s s  p l a t e  normal 

( s e e  F i g u r e  2 c ) .  The TN c e l l s  were p r e p a r e d  w i t h  t h e  

same g l a s s  p l a t e s  and N m i x t u r e .  I n  t h i s  c a s e ,  however 

t h e  r u b b i n g  of  t h e  two glass p l a t e s  was i n  pe rpend icu -  

l a r  d i r e c t i o n s  ( F i g u r e  2 a ) .  F o r  u n d e r s t a n d i n g  t h e  i m -  

p o r t a n t  r o l e  of  t h e  soap c o v e r i n g  w e  have i n v e s t i g a t e d  

TNLC l a y e r s  w i t h o u t  a soap t r e a t m e n t  of t h e  glass 

p l a t e s  as w e l l .  T h i s  c a s e  i s  s c h e m a t i c a l l y  shown i n  

F i g u r e  2b. The t h i c k n e s s  of a l l  t h e  N l a y e r s  unde r  

s t u d y  was around 20  microns and a l l  t h e  s t u d i e s  were 

performed a t  room tempera tu re .  

3 .  EXPERIMENTAL SET-UP 
We have used t h e  p o l i s h  p o l a r i z i n g  microscope NU-2, 

a p h o t o m u l t i p l i e r ,  X-Y r e c o r d e r  endim 620.02, a spe -  
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60 H .  P. HINOV 
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FIGUfiE 2 A schemat i c  r e p r e s e n t a t i o n  of  t h e  LC 

o r i e n t a t i o n  of  t h e  t h r e e  t y p e s  ofON c e l l s  unde r  
s t u d y :  a )  a weakly-anchored 15-20 O t w i s t  c e l l ;  
b )  a s l i g h t l y  s t r o n g e r  anchored  90 t w i s t  c e l l ;  
c )  a splay-bend c e l l  w i t h  a r e v e r s e  p r e t i l t  and 
weak a n c h o r i n g  

c i a 1  c o n s t r u c t e d  e l e c t r o n i c  d e v i c e  p e r m i t t i n g  t h e  ob- 

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

n a t i o n  o c l y  and a d i f f e r e n t  low f r e q u e n c y  modulated by 

a h i g h  f r e q u e n c y  v o l t a g e .  We have worked c h i e f l y  i n  a 

conoscop ic  regime u s i n g  a low a p e r t u r e  o b j e c t i v e  (x10,  

s i n Q c / 2  = 0 , 2 4 ) ,  a c o n d e n s e r  and a s p e c i a l  conoscop ic  

o c u l a r .  IJnf o r t u n a t e  l y  , our t e c h n i q u e  d i d  n o t  p e r m i t  

t h e  e x a c t  measurement of t h e  E t i l t  due t o  t h e  spe-  

c i a l  LC d e f o r m a t i o n s  and the  a b s e n c e  of a d d i t i o n a l  

conoscop i c  t e c h n i q u e .  Consequen t ly ,  o u r  c o n c l u s i o n s  

abou t  t h e  v a l u e  of t h e  LC d e f o r m a t i o n s  a r e  o n l y  q u a l i -  

t a t i v e .  The e l e c  t r o - o p t i c  t r a n s m i s s i o n  c u r v e s  were 

o b t a i n e d  Erom t h e  conoscop ic  p a t t e r n s  observed.  The 

h y s t e r e s i s  c u r v e s  were done a t  d i f f e r e n t  sweeping r a t e  

of t h e  AC v o l t a g e  up and down. T h e i r  importance , 
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DYNAMIC HYSTERESIS IN WEAKLY-ANCHORED TNL 61 

i n  o u r o p i n i o n ,  i s  due t o  t h e  o b s e r v a t i o n o f a  c o n s i d e r a b l e  

h y s t e r e s i s  which i s  v e r y  i n t e r e s t i n g  f rom a s c i e n t i f i c  

p o i n t  of  view and might  be u s e f u l  f o r  d i s p l a y  a p p l i c a -  

t i o n s .  

4. EXPERIMENTAL RESULTS 

A .  Elec t ro -0p  t i c a l  Behavior  of Re v e r s e  ly-Pre t i l t e  d 

Splay-Bend Nematic Layer w i t h  a Weak & P o l a r  Anchoring 

Our aim was f i r s t  t o  s t u d y  t h e  e l e c t r o - o p t i c  b e h a v i o r  

of t h i s  LC i n  o r d e r  t o  compare i t s  e l e c t r o - o p t i c  t r a n s -  

m i s s i o n  c u r v e s  and conoscop ic  p a t t e r n s  t o  t h o s e  o b t a i n -  

ed w i t h  t h e  TN l a y e r s  a t  t h e  same c o n d i t i o n s .  

The conoscop ic  p a t t e r n s  were d i f f e r e n t  depend ing  

on t h e  p o s i t i o n  of t h e  splay-bend p l a n e  r e l a t i v e  t o  t h e  

p o s i t i o n  of t h e  two n i c o l s .  When t h i s  p l a n e  c o i n c e d e d  

w i t h  one of t h e  two c r o s s e d  n i c o l s  one a p p e a r s  t h e  usu- 

al conoscop ic  c r o s s .  A f t e r  t h e  r o t a t i o n  of t h e  sample 

by 45' we obser-.red o n l y  t h e  f o c i  of t h e  h y p e r b o l a  shown 

i n  F igu re  3a, or two h y p e r b o l i c  b ruches  unde r  v o l t a g e  

e x c i t a t i o n  ( F i g u r e  j b )  . From t h e  o r i e n t a t i o n  of t h e  

h y p e r b o l i c  b r u s h e s  i t  i s  p o s s i b l e  t o  conc lude  t h a t  t h e  

p l a n e  d e f i n e d  by t h e  two o p t i c a l  a x e s  also c o i n c i d e s  

w i t h  t h e  splay-bend plane'. I n  e f f e c t ,  t h e  s p l i t t i n g  o f  

t h e  c r o s s  i n t o  two h y p e r b o l a  i s  due t o  t h e  s p e c i a l  

k ind  of t he  JX deformation.No bands of e q u a l  r e t a r d a -  

t i o n  ( i s o c h r o m a t e s )  were observed w i t h  ou r  r a t h e r  low 

n u m e r i c a l  a p e r t u r e  of t h e  o b j e c t i v e  used and t h e  small 

sample t h i c k n e s s  of t h e  LC c e l l s  unde r  s t u d y .  Although 

t h e r e  i s  a f o r m u l a  which p e r m i t s  t h e  c a l c u l a t i o n  of t h e  

mean t i l t  a n g l e  a t  t h e  boundaries ' ,  our t e c h n i q u e  d i d  

n o t  a l l o w  such  measurements.  However, i t  was p o s s i b l e  

t o  conc lude  t h a t  t h e  maximal t i l t  of t h e  LC a t  t h e  
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62 H. P. HlNOV 

FlGURE 5 Conoscopic  p a t t e r n s  of a splay-bend 90 % 
w t .  MBBA and 10 :d w t .  5CB N mix tu re  unde r  a v o l -  
t a g e  e x c i t a t i o n  (f  = 5 kHa): a )  U I 0 V ;  b )  U 25 V ;  
c )  U = 25 V. The r u b b i n g  d i r e c t i o n  i s  a l o n g  t h e  b i -  
s e c t r i x  of t h e  c r o s s e d  n i c o l s  

0 b o u n d a r i e s  was between 0 and 10-15 measured r e l a t i v e  

t o  t h e  glass  p l a t e  normal.  Consequen t ly ,  o u r  experirnen- 

t a l  s t u d y  of e i t h e r  t h e  u s u a l  splay-bend o r  t w i s t  cells 

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

LC r e a l i g n m e n t s  and our s t u d y  p o i n t e d  o u t  v e r y  i n t e r e e -  

t i n g  r e s u l t s .  For  i n s t a n c e ,  a number of a u t h o r s  have 

been d e a l t  w i t h  t h e  e l e c t r o - o p t i c a l  behav io r  of u s u a l  

splay-bend o r  t w i s t  c e l l s  w i t h  weak & p o l a r  a n c h o r i n g  

' - 1 3 .  N e h r i n g  e t  al' have found a second s a t u r a t i o n  

v o l t a g e  ahove which t h e  s u r f a c e  f o r c e s  have been over- 
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DYNAMIC HYSTERESIS IN WEAKLY-ANCHORED TNL 63 

corned, i . e ,  a f t e r  t h i s  v o l t a g e  t h e  LC must be homeotro- 

p i c .  Our e x p e r i m e n t a l  r e s u l t s  however, c o n t r a d i c t  t o  

t h e s e  t h e o r e t i c a l  r e s u l t s  ’-”. Although t h e  LC i n  our  

c a s e  was w i t h  a v e r y  weak 9 - p o l a r  a n c h o r i n g  due t o  t h e  

soap c o v e r i n g ,  a comple t e  o r i e n t a t i o n  of t h e  Lc molecu- 

l e s  a l o n g  t h e  e l e c t r i c  f i e l d  was n o t  p o s s i b l e  even a t  

a v e r y  h i g h  v o l t a g e  b e i n g  ahove 40 V ( t h e  t h r e s h o l d  

v o l t a g e  was i n  t h e  r a n g e  of s e v e r a l  v o l t s ) .  T h i s  expe- 

r i m e n t a l  r e s u l t  c a n  be s e e n  from t h e  conoscop ic  p i c t u r e  

shown i n  F i g u r e  3c. I n  o u r  o p i n i o n  t h i s  e x p e r i m e n t a l  

f i n d i n g  i s  due t o  t h e  a c t i o n  of t h e  s u r f a c e  v i s c e s i t y  

which had n o t  been t a k e n  i n t o  a c c o u n t  by t h e s e  a u t h o r s .  

On t h e  o t h e r  hand t h e  r o l e  of t h e  s u r f a c e  v i s c o s i t y  h a s  

been n o t i c e d  i n  a number of p a p e r s  14-‘’. The r o l e  O f  t h e  

s u r f a c e  v i s c o s i t y  i n  s u r f a c e - i n d u c e d  low-frequency f l e x o  

e l e c t r i c  e s c i l l a t i o n s  h a s  been p o i n t e d  ou t  by Derzhansk i  

and by Derzhansk i  and P e t r o v  21 ’ 22. Another  p o s s i b l e  

r e a s o n  might  be t h e  i n f l u e n c e  of t h e  second-o rde r  e l a s -  

t i c i t y 2 j .  F i n a l l y ,  t h e  v e r y  t y p e  ef t h e  s e r f a c e  energy* 

The e l e c t r o - o p t i c  t r a n s i e n t  t r a n s m i s s i o n  c u r v e s  o b t a i n -  

ed by t h e  conoscop ic  p a t t e r n s  a r e  i l l u s t r a t e d  i n  F i g u r e  

4 ( t h i s  method h a s  been used a l s o  by Van D i j k  e t  ali14). 

It i s  immedia t e ly  s e e n  t h e  v e r y  slow r e l a x a t i o n  of t h e  

LC b e i n g  i n  t h e  r a n g e  of many seconds  . I n  o u r  o p i n i o n ,  

t h e  slow LC r e a c t i o n  i s  due t o  s e v e r a l  c a u s e s :  t h e  e x i s -  

t a n c e  of a l a r g e  s u r f a c e  v i s c o s i t y  c o e f f i c i e n t ,  t h e  

a c t i o n  of 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  c o r r e c -  

t e d  by t h e  back-flow e f f e c t  

weak a n c h o r i n g  of t h e  LC molecu le s .  The e l e c t r o - o p t i c  

t r a n s m i s s i o n  c u r v e s  o b t a i n e d  a t  d i f f e r e n t  sweeping r a t e s  

i n  a l a r g e  s c a l e  between 0 , l  V/sec and 2 V/sec p o i n t e d  

ou t  a l a r g e  dynamic h y s t e r e s i s * .  One example i s  shown 

~7 and f i n a l l y  t o  t h e  
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FIGURE 4 E l e c t r o - o p t i c  t r a n s i e n t  t r a n s m i s s i o n  
c u r v e s  of t h e  splay-bend N mix tu re  u n d e r  s t u d y .  
The c u r v e s  1 ,  2 and 3 c o r r e s p o n d  t o  2 , 5  V, 5 V and 
10 V ,  r e s p e c t i v e l y  

i n  F i g u r e  5 .  I t  i s  c l e a r  t h a t  t h i s  l a r g e  h y s t e r e s l s  i s  

due t o  t h e  d i f f e r e n c e  between t h e  r e l a x a t i o n a l  t i m e  of 

t h e  N d i r e c t o r  and t h e  v a l u e  of t h e  sweeping s a t e  of 

t h e  A C  v o l t a g e  up and down. We know t h a t  t h e  r i s e  time 

depends on b o t h  t h e  s u r f a c e  and b u l k  v i s c o s i t y  c o e f f i -  

c i e n t s ,  t h e  t h i c k n e s s  o f  t h e  LC c e l l  and t h e  v a l u e  of 

t h e  d i e l e c t r i c  a n i s o t r o p y .  It i s  v e r y  l i k e l y  t h e  r e -  

l a x a t i o n a l  time t o  depend on t h e  s t r e n g t h  of t h e  sur -  

f a c e  c o u p l i n g  and on t h e  v a l u e  of t h e  s u r f a c e  LC t i l t .  

B. E l e c t r o - O p t i c a l  Behaviour  of Weakly-Anchored 

Twis t eg  Nematic Ce 11s 

We have i n v e s t i g a t e d  two t y p e s  of TNs.  The f i r s t  t y p e  

i s  shown i n  F i g u r e  2a. The glass p l a t e s  were t r e a t e d  

i n  a way a l r e a d y  d e s c r i b e d .  The c e l l s  were p r e p a r e d  i n  
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DYNAMIC HYSTERESIS IN WEAKLY-ANCHORED TNL 65 

FIGURE 5 E l e c t r o - o p t i c  dynamic h y s t e r e t i c  c u r v e s  
of t h e  splay-bend N m i x t u r e  u n d e r  s t u d y .  The swe- 
e p i n g  r a t e  of t h e  A C  v o l t a g e  up and down was 
0.5 V/sec 

such  a way t h a t  t h e  t i l t i n g  of t h e  molecu le s  a t  t h e  two 

g l a s s  p l a t e s  was w i t h  a d i f f e r e n t  s i g n .  However, t h i s  

t i l t i n g  was accompanied by a c e r t a i n  t w i s t  of t h e  mole- 

c u l e s  s m a l l e r  t h a n  90' due t o  t h e  weak 

a n c h o r i n g  of t h e  Lc l a y e r .  The & p o l a r  a n c h o r i n g  was 

a l s o  weak due t o  t h e  soap  t r e a t m e n t  of t h e  glass p l a t e s .  

L e t  us  s t r e s s  t h a t  t h e  e l e c t r o - o p t i c a l  t r a n s m i s s i o n  

c u r v e s  and t h e  conoscop ic  p a t t e r n s  were v e r y  w e l l  r e p r o -  

d u c i b l e .  The second t y p e  of TN c e l l  i s  shown i n  F i g u r e  

2b. The glass p l a t e s  of t h i s  c e l l  were on ly  rubbed 

w i t h o u t  t h e  u t i l i z a t i o n  of soap.  Consequen t ly ,  i t  i s  

n a t u r a l  t o  assume t h a t  t h i s  t y p e  o f  TN c e l l  i s  w i t h  a 

s l i g h t l y  l a r g e r  s u r f a c e  anchor ing .  The conoscop ic  p a t -  

terns  of t h e  weakly-anchored TN c e l l  are shown i n  

a z i m u t h a l  F 
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66 H. P. HINOV 

FIGURE 6 E l e c t r o - o p t i 6  conoscop ic  p a t t e r n s  of a 
weakly-anchored 15-20 t w i s t  MBBA-5CB m i x t u r e  
u n d e r  A C  ( f = 5 kHz) v o l t a g e  e x c i t a t i o n :  a )  U = 
O V ;  b ) U = 2 V ;  c ) U = 5 V ;  d ) U = 2 0 V  

F i g u r e s  6 a-d. They were t a k e n  a t  such  a p o s i t i o n  of 
the  sample t h a t  t h e  r u b b i n g  d i r e c t i o n  of one of t h e  

glass p l a t e s  c o i n c i d e d  w i t h  one of t h e  n i c o l .  If t h e  

r u b b i n g  d i r e c t i o n  c o i n c i d e s  w i t h  t h e  o t h e r  n i c o l  we 

s h a l l  o b t a i n  t h e  symmetric conoscop ic  p a t t e r n s  r e l a t i -  

ve t o  t h e  glass  p l a t e  normal. Eve ry  o t h e r  p o s i t i o n  of 

t h e  sample l e d  t o  t h e  o b s e r v a t i o n  of  c o m p l i c a t e d  C O -  

n o s c o p i c  p i c t u r e s 2 5 .  There i s  one d e t a i l  which i s  n o t  

e v i d e n t  from t h e  conoscop ic  p a t t e r n s .  The moving of t h e  

c r o s s  i n  t h e  l e f t  ( o r  i n  t h e  r i g h t )  a f t e r  t h e  d e c r e a s -  
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DYNAMIC HYSTERESIS IN WEAKLY-ANCHORED TNL 67 

i n g  of t h e  v o l t a g e  i s  accompanied by a c e r t a i n  dep lac -  

ment of t h e  two h y p e r b a l a .  T h i s  shows t h a t  t h e  s i g n  of 

t h e  LC t i l t  a t  t h e  two glass p l a t e s  i s  d i f f e r e n t .  On 

t h e  o t h e r  hand,  f r o m  t h e  c o n o s c o p i c  measurements i t  i s  

known t h a t  t h e  p o s i t i o n  of t h e  c r o s s  c a n  a p p r o x i m a t e l y  

d e t e r m i n e  t h e  v a l u e  of t h e  t i l t  of t he  LC r e l a t i v e  t o  

t h e  glass p l a t e  From t h e  conoscop ic  p a t t e r n s  

we c a n  conc lude  t h a t  t h e  43-ti l t  of t h e  LC molecu le s  i s  

abou t  15-20°, when t h e  v o l t a g e  i s  n o t  a p p l i e d .  I t  i s  

much more d i f f i c u l t  t o  d e t e r m i n e  t h e  v a l u e  of t h e  t w i s t  

a n g l e .  According t o  our  e l e c t r o - o p t i c  o b s e r v a t i o n s  

made i n  a t r a n s m i t t e d  l i g h t  i t  i s  a l s o  a round  15-20 . 
An i n t e r e s t i n g  r e s u l t  o b t a i n e d  from t h e  c o n o s c c p i c  

p a t t e r n s  i s  t h a t  t h e  movement of t h e  p o s i t i o n  of t h e  

c r o s s  shown i n  F i g u r e  6c was a c h i e v e d  by a v e r y  low AC 

v o l t a g e  ( 5  V, 5 kHz),,whereas t h e  f i n a l  homeotropic  o r i -  

e n t a t i o n  was o b t a i n e d  a t  20  V ,  5 kHa. 

The c o n o s c o p i c  p a t t e r n s  of 90' twist  c e l l s  

p a r e d  w i t h o u t  u t i l i z a t i o n  of soap  are  shown i n  F i g u r e s  

7 ,  a-d. Although one n o t e s  a s i m i l a r i t y  between t h e  cc-  

n o s c o p i c  p a t t e r n s  from F i g u r e s  6 and 7 ,  t h e r e  a r e  some 

d i f f e r e n c e s .  For i n s t a n c e ,  t h e  f i r s t  conoscop ic  f i g u r e  

a p p e a r s  a t  abou t  3 V ,  5 kHz i n  t h e  form of a n e a r l y  

s t r i g h t  b l a c k  l i n e  shown i n  F i g u r e  7a which unde r  t h e  

f u r t h e r  i n c r e a s e  of t h e  v o l t a g e  bends and t h e n  a p p e a r s  

t h e  d e c e n t e r e d  c r o s s .  The o t h e r  conoscop ic  p a t t e r n s  r e -  

semble t o  t h o s e  i l l u s t r a t e d  i n  F i g u r e  6 ,  b-d. However, 

t h e y  a r e  o b t a i n e d  a t  a s l i g h t l y  h i g h e r  v o l t a g e  due t o  

t h e  s l i g h t l y  h i g h e r  s u r f a c e  a n c h o r i n g  of t h e  molecu le s .  

The t r a n s i e n t  e l e c  t r o - o p t i c  t r a n s m i s s i o n  c u r v e s  f o r  t h e  

twotypes of t h e  IC t w i s t  c e l l s  a r e  shown i n  F i g u r e  8 

and one c a n  s e e  t h e  s l i g h t l y  h i g h e r  v o l t a g e  needed f o r  

0 

b e i n g  p r e -  
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68 H .  P. HINOV 

t h e  r e o r i e n t a t i o n  of  t h e  LC m o l e c u l e s  of t h e  t w i s t e d  

c e l l s  p r e p a r e d  wothout u t i l i z a t i o n  of soap.  The e l e c t r o  

o p t i c  c u r v e s  d i r e c t l y  o b t a i n e d  from t h e  conoscop ic  p a t -  

t e r n s  a t  d i f f e r e n t  sweeping r a t e s  of  t he  h igh - f r equency  

( 5  kHa) v o l t a g e  up and down a r e  shown i n  F i g u r e s  Va-ye. 

The c o r r e s p o n d i n g  sweeping r a t e  of t h e  AC v o l t a g e  was 

0 , 5  V/sec,  0 , 2 5  V/sec,  0 , l  V/sec, 0,05 V/sec and 

0,017 V/sec,  r e s p e c t i v e l y .  

FIZUSE 7 
s t r o n g e r  anchored  90 t w i s t  MBBA-5CB m i x t u r e  u n d e r  

Conoscopib p a t t e r n s  of a s l i g h t l y -  

AC ( E = 5 kHz v o l t a g e  e x c i t a t i o n :  a )  U = 3 V; 
h )  U = 6 V ; c U = 1 5  V and d )  U = 25 V 
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FIGIJRE 8 E l e c t r o - o p t i c  t r a n s i e n t  t r a n s m i s s i o n  
c u r v e s  of t h e  two t y p e s  of t w i s t  c e l l s  unde r  s t u d y .  

The a p p l i e d  AC v o l t a g e  was w i t h  a f r e q u e n c y  of 
5 kHa. The cu ryes  1 ,  2 and  3 c o r r e s p o n d  t e  IT = 5 ,  
2 end 1 V ,  r e s p e c t i v e l y  and weke o b t a i n e d  f o r  t h e  
90 twist  c e l l ;  t h e  c u r v e s  4, 5 and 6 c o r r e s p o n d  
t o  U = 2,  1 and  0,5 8, r e s p e c t i v e l y  and  were ob- 
t a i n e d  f o r  t h e  15-20 t w i s t  c e l l  

The lower  h y s t e r e t i c  c u r v e s  c o r r e s p o n d  t o  t h e  soap- 

t r e a t e d  weakly-anchored t w i s t  c e l l  and t h e  u p p e r  c u r v e s  

c o r r e s p o n d  t o  t h e  90' twist  c e l l  w i t h  rubbed glass  

p l a t e s  only.  I t  i s  e v i d e n t  t h a t  a l a r g e  h y s t e r e s i s  c a n  

be o b t a i n e d  a t  a r e l a t i v e l y  f a s t  s c a n n i n g  of t h e  LC 
l a y e r  and when t h e  t h r e s h o l d  v o l t a g e  and t h e  v o l t a g e  

b e i n g  a p p l i e d  are s u f f i c i e n t l y  h igh .  

5 .  DISCUSSION 
The c u r v e s  from t h e  F i g u r e  9e unambiguosly show t h a t  

t h e  DHE must d i s a p p e a r  a t  a v e r y  small sweeping r a t e  

of t h e  AC v o l t a g e .  T h i s  nonconven t iona l  h y s t e r e s i s  i s  
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70 H .  P. HINOV 

a 

FIGURE 9a 

% ( A R B .  UNITS) 

b 

FIGURE 9 b  
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c 

F I G U R E  9c 

f;/(ARB. UNITS) d 
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72 H. P. HINOV 

e 

FIGURE 9 E l e c t r o - o p t i c  dynamic h y s t e r e t i c  c u r v e s  
f o r  t h e  MBBA-5CB m i x t u r g  u n d e r  s t u d y .  The c u r v e s  1 
c o r r e s p o n d  t o  t h e  15-20 t w i s t  c e l l s  w i t h  we k 
a n c h o r i n g ;  t he  c u r v e s  2 c o r r e s p o n d  t o  t h e  90 t w i s t  
c e l l s  w i t h  a s l i g h t l y  l a r g e r  a n c h o r i n g  
a )  t h e  sweeping rate of t h e  AC v o l t a g e  up and down 
was 0.5 V/sec; b )  0,25 V/sec; c )  0 , l  V/sec,  
d )  0.05 V/sec and e )  0 ,017 V/sec 

8 

o n l y  due t o  t h e  d i f f e r e n c e  between t h e  r e l a x a t i m n a l  

t ime of t h e  N u n d e r  s t u d y  and t h e  sweeping r a t e  of t h e  

a p p l i e d  AC v o l t a g e .  We know t h a t  t h e  c o n v e n t i o n a l  t w i s t  

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

t ime  i n  p r e s e n c e  of  t h e  v o l t a g e  which i s  i n  t h e  r ange  

between 50 m s  and 100 msZ7.  From t h e  r e s u l t s  of 

Gerber2'  , Van D 0 0 r n ~ ~  and Gerber  and Schadt3' i t  i s  

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

b e h a v i o r  of t h e  u s u a l  t w i s t  c e l l s  i s  v e r y  combersome 

and i t  would be more d i f f i c u l t  f o r  t h e  T N s  under  s tudy .  

We l i k e ,  however,  t o  u s e  t h e  f o r m u l a ,  o b t a i n e d  by 

Jakeman and R a p e s 3 '  f o r  t h e  r i s e  t ime of t h e  N 
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DYNAMIC HYSTERESIS IN WEAKLY-ANCHORED TNL 73 

d i r e c t o r  i n  one c o n v e n t i o n a l  t w i s t  c e l l :  

tz d2 

K 'v2 ( (v/vc) - 1 1 = -------- L 

( - r i s e  

where K = (K,, + ( 1 / 4 ) K j j  - ( 1 / 2 ) K , 2  ) 
which i s  v a l i d  a t  l e a s t  f o r  small LC d e f o r m a t i o n s  . In  

o u r  o p i n i o n ,  t h e  f o r m u l a  p o i n t s  o u t  t h a t  t h e  DHE f o r  

such  TN c e l l s  s h o u l d  d i s a p p e a r  when d u r i n g  t h i s  r i s e  

t ime  t h e  v o l t a g e  i s  a lmos t  c o n s t a n t .  I n v e r s e l y ,  when t h e  

v o l t a g e  changes  even s l i g h t l y  t h e  DHE: must e x i s t . F o r  

o u r  c a s e  u n d e r  s t u d y  o n l y  t h e  e x a c t  s o l u t i o n  would g i v e  

t h e  c o r r e c t  answer.  The r e s u l t s  o b t a i n e d  by Baur e t  a1 

3 * ,  ' 5  c a n  g i v e  a q u a l i t a t i v e  answer f o r  o u r  r e s u l t s ,  

o b t a i n e d  w i t h  t h e  splay-bend N c e l l .  According t o  t h e i r  

r e s u l t s ,  t h e  r i s e  t i m e  of t h e  N d i r e c t o r  i n  p r e s e n c e  of  

t h e  v o l t a g e  i s  i n  t h e  r a n g e  of s econds .  I n  a d d i t i o n ,  w e  

l i k e  t o  p o i n t  o u t  t h e  a n a l o g y  between t h e  r e s u l t s  ob- 

t a i n e d  by B r ~ c h a r d ~ ~  and Brochard e t  a135 a b o u t  t h e  be- 

h a v i o r  of a homeotropic  N l a y e r  i n  a r o t a t i n g  magnet ic  

f i e l d  w i t h  our  e x p e r i m e n t a l  r e s u l t s .  I t  i s  c l e a r  t h a t a  

synchronous  and a synchronous  r o t a t i o n  of t h e  N d i r e c t o r  

a l s o  e x i s t s  depend ing  on t h e  s c a n n i n g  r a t e  of t h e  AC 

v o l t a g e .  Fo r  a l a r g e  sweeping r a t e  of t h e  v o l t a g e  t h e  

LC m o l e c u l e s  c a n n o t  f o l l o w  t h e  changes  i n  t h e  v o l t a g e  

and t h e r e  i s  a r e t a r d a t i o n  which c a u s e s  t h e  dynamic 

h y s t e r e s i s  obse rved .  I n  t h e  synchronous regime t h e  d i -  

r e c t o r  r o t a t e s  w i t h  t h e  n e a r l y  l i n e a r  v e l o c i t y  of t h e  

v o l t a g e .  The e x a c t  t h e o r e t i c a l  c a l c u l a t i o n  of t h e  prob- 

lem u n d e r  c o n s i d e r a t i o n  o r  o f  one more s i m p l e r  c a s e  w i l l  

shows i n  ana logy  w i t h  t h e  B r o c h a r d ' s  r e s u l t s  whe the r  

t h e  N d i r e c t o r  have t o  fallow t h e  v a r i a t i o n  of t h e  A C  

v o l t a g e  w i t h  a c o n s t a n t  r e t a r d a t i o n ,  which i n  t h e  asyn- 
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74 H. P. HlNOV 

chronous  regime must be no l o n g e r  c o n s t a n t  i n  t ime and 

t h e  LC m o l e c u l e s  c o u l d  n o t  f o l l o w  t h e  t o o  r a p i d  v a r i a -  

t i o n  i n  t h e  AC v o l t a g e  ampl i tude .  F i n a l l y ,  we wish t o  

d i s c u s s  t h e  p o s i b l e  @,‘q o r i e n t a t i o n s  of t h e  TN c e l l s  

u n d e r  s t u d y .  There are  o n l y  s e v e r a l  p a p e r s  devo ted  t o  

t h i s  problem 36-38. However, t h e  LC o r i e n t a t i o n  of weak- 

ly-anchored 8 , q  t w i s t  N l a y e r s  w i t h  a s e r f a c e  r e v e r s e  

p r e t i l t  a n g l e  Go h a s  n o t  been i n v e s t i g a t e d  e i t h e r  theo- 

r e t i c a l l y  o r  e x p e r i m e n t a l l y .  From t h e  g e n e r a l  t h e o r y  of 

t h e  Pi which are  t w i s t e d  deve loped  by L e s l i e ,  i t  i s  

known t h e  impor t ance  of t h e  s i g n  of K 

22 known from t h e  l i t e r a t u r e  t h a t  f o r  t h e  MBBA K j j * L K  

a t  l e a s t  a t  room t e m p e r a t u r e  j9’ “. The e l a s t i c  cons-  

t a n t s  of t h e  5CB have a l s o  been measured4’.  I t  i s  s e e n  

t h a t  a t  room t e m p e r a t u r e  K of 5 C B  i s  n e a r l y  e q u a l  t o  53 
t h a t  of MBBA, w h i l e  K 2 2  i s  much lower.  Consequen t ly ,  

i t  i s  c l e a r  t h a t  f o r  t h e  MBBA-5CB mix tu re  u n d e r  s t u d y  

K 

o b s e r v a t i o n  of twis t  wal ls  i l l u s t r a t e d  i n  F i g u r e  10a 

- 2KZ2 . I t  i s  35 

- 2K22 7 0 . T h i s  i m p o r t a n t  r e s u l t  was conf i rmed  b y  35 

FIGURE 10 T w i s t  walls i n  a 90 % w t .  MBBA and 
10 % w t .  5 C B  N m i x t u r e  w i t h  a t h i c h n e s s  ef 10 
mic rons  a t  room t e m p e r a t u r e : a )  i n  t h e  v o l t a g e l e s s  
s t a t e ;  b) unde r  AC ( f  = 5 kHz) v o l t a g e  of 1 V 
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DYNAMIC HYSTERESIS IN WEAKLY-ANCHORED TNL 75 

42-44 which c l e a r l y  i m p l i e s  t h a t  2K (K + K 
Fur the rmore ,  t h e  v e r y  low v o l t a g e  b e i n g  s u f f i c i e n t l y  

t o  remove t h e  t w i s t  walls which i s  shown i n  F i g u r e  1 0 b  

c l e a r l y  p o i n t e d  o u t  t h a t  t h e  a d j a c e n t  walls are  sepa-  

r a t e d  by n o n - s i n g u l a r  d i s c l i n a t i o n s  of s t r e n g t h s  

s = +  1 45' 46. According t o  t h e  t h e o r e t i c a l  c a l c u l a -  

t i o n s  of F r a s e r j 7  and S c h e f f e r j '  t h e  K > 2KZ2 c a s e  

i s  more c o m p l i c a t e d  when t h e r e  i s  a t i l t i n g  a t  t h e  

glass p l a t e s .  However, w e  need from t h e  e x a c t  t h e o r e -  

t i c a l  s o l u t i o n  of o u r  problem which s h o u l d  be compared 

t o  t h a t  a l r e a d y  o b t a i n e d  by Sche f fe r j ' .  I t  seems t h a t  

t h e  maximal ar.gle i n  t h e  midplane 8 i s  l a r g e r  t h a n  

t h e  s u r f a c e  t i l t  , whereas  t h e  c h a r a c t e r i s t i c  a n g l e  

0, de te rmined  from t h e  r e l a t i o n :  

22 11 5 3  

5 3  

m 

f o r  t h e  ou r  c a s e  i s  c l o s e  t o  t e r o .  Consequen t ly  

€JO >ac  even for t h e  c a s e  of h i g h  v o l t a g e s  a p p l i e d  

a c r o s s  t h e  c e l l s .  So  i n  o u r  o p i n i o n ,  i t  i s  more l i k e l y  

t h e  f o l l o w i n g  s o l u t i o n  

6. CONCLUSION 

We have e x p e r i m e n t a l l y  i n v e s t i g a t e d  the  e l e c t r o - o p t i c  

b e h a v i o r  of Q,y weakly-anchored t w i s t e d  N l a y e r s  of 

two k i n d s .  A t  t h e  f i r s t  k ind  o f  t h e s e  c e l l s  w e  t r e a -  

t e d  t h e  g l a s s  p l a t e s  w i t h  soap  a f t e r  r u b b i n g  and a t  

t h e  second k i n d ) t h e  glass p l a t e s  were o n l y  rubbed.  

We o b t a i n e d  a number o f  conoscop ic  p a t t e r n s  and e l e c -  

t r o - o p t i c  t r a n s m i s s i o n  c u r v e s  f o r  d i f f e r e n t  sweeping 

r a t e s  of t h e  A C  v o l t a g e  up and down. The v a r i a t i o n  i n  

t h e  ampl i tude  of t h e  v o l t a g e  was l i n e a r  i n  a time. We 

0 
O < G c  & G o  5 Gm $ 90 . 
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7 6  H .  P. HINOV 

obse rved  a l a r g e  dynamic h y s t e r e s i s  which i s  v e r y  i n -  

t e r e s t i n g  from a s c i e n t i f i c  p o i n t  of view and might  be 

a p p l i e d  i n  t h e  d y s p l a y  t e c h n i q u e .  T h i s  dynamic h y s t e -  

r e s i s  depends on b o t h  t h e  s u r f a c e  and b u l k  v i s c o s i t y  

c o e f f i c i e n t s ,  t h e  nemat i c  c h a r a c t e r i s t i c  c o n s t a n t s ,  t h e  

sample t h i c k n e s s  t h e  v a l u e  of t h e  t h r e s h o l d  v o l -  

t a g e  and t h e  v a l u e  of t h e  a p p l i e d  v o l t a g e  as w e l l  as  

on t h e  sweep ing  r a t e  of t h e  v o l t a g e .  I t  i s  v e r y  l i k e l y  

t h a t  t h e  t e m p e r a t u r e  also s h a l l  he a n  i m p o r t a n t  p a r a -  

meter for t h e  t y p e  of t h e  h y s t e r e t i c  c u r v e s .  
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