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A N O W L  METHOD FOR STUDY OF A SMECTIC PHASE 

TEXTURE 
OBTAINED FROM A STRONGLY-DEFORMED NEMATIC 

H. P, HINOV and A .  1. DERZHANSKI 
I n s t i t u t e  of S o l i d  S t a t e  Phys ic s ,  Boul. Lenin 72, 
S o f i a  1 184, Bulgar ia  

Abs t r ac t  A s imple method f o r  t h e  growth of conven- 
t i o n a l  or r e e n t r a n t  smect ic  phases  from s t rong ly -  
deformed conven t iona l  or r e e n t r a n t  nematics ,  i s  
proposed. I t  pe rmi t s  t h e  format ion  of su r f ace -  
induced and surface-governed conven t iona l  and/or 
r e e n t r a n t  smect ic  t e x t u r e s  which can  be s t u d i e d  
from t h e  s c i e n t i f i c  p o i n t  of view or  can  be a p p l i -  
ed i n  t h e  laser -addressed  thermo-optic smect ic  
l i q u i d  c r y s t a l  s t o r a g e  d i s p l a y s  for t h e  c r e a t i o n  
of s t a t i c  f i g u r e s .  The s imple method proposed 
might be a p p l i e d  f o r  s tudy  of many smect ics  arr i -  
s i n g  e i t h e r  from conven t iona l  or r e e n t r a n t  nematic 
phases  under c o o l i n g  or heat ing .  

INTRODUCTION 

The va r ious  smect ic  (Sm) phases  a r e  u s u a l l y  obtained 

and i n v e s t i g a t e d  a f t e r  a slow c o o l i n g  of t h e  well-  

a l i g n e d  nematic (N) phase ( i n  t h e  c a s e s  when i t  e x i s t s )  

down t o  t h e  cor responding  Sm phase.  On the  o t h e r  hand, 

they  can be c r e a t e d  a f t e r  slow or r a p i d  ( f r e e )  c o o l i n g  

of previously-deformed N f i lms.  I n  t h i s  way, C lad i s  

and Torza have obta ined  Sm A t e x t u r e s  from i n i t i a l l y  

bent  N CBOOA and r e l a t e d  t h e i r  s c a t t e r i n g  p r o p e r t i e s  

w i th  t h e  well-known Kahn's thermo-optic d i s p l a y  devi- 

c e s .  The in f luence  of t h e  in i t i a l ly -de fo rmed  N phase,  

t h e  s u r f a c e  t r ea tmen t ,  t h e  sample th i ckness  and the  

c o o l i n g  r a t e  on t h e  type  of t h e  Sm s c a t t e r i n g  t e x t u r e s  

have been a l s o  i n v e s t i g a t e d  by Chu and Jacobs.  'Some 
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120 H .  P. HINOV AND A. I. DERZHANSKI 

problems r e l a t e d  t o  t h e  c r e a t i o n  of t h e  Sm A phase 

from an in i t i a l ly -de fo rmed  N phase were d i scussed  by 

G r i n s t e i n  and P e l c o v i t s  as wel l .  Recent ly ,  t h e  me-  

thod of C l a d i s  and Torza ’ w a s  extended i n  a s imple 

manner by Hinov who proposed a growth of t h e  Sm phase 

a f te r  slow o r  r a p i d  c o o l i n g  of a N w i th  s t rongly-defor -  

med s u r f a c e  r eg ions  and an o r i e n t e d  res t  p a r t  of t he  

l i q u i d  c r y s t a l  (LC) l a y e r  under  s tudy  5t 6’ ’. The ad- 

vantages of t h i s  method f o r  a t e c h n i c a l  a p p l i c a t i o n  i n  

the  thermally-addressed ?X d i s p l a y s  were also s t r e s s e d .  

Our aim i s  t o  emphasize on t h e  p o s s i b i l i t i e s  of 

a 

t h i s  g e n e r a l  and s imple method which permi ts  n o t  only 

the  o b t a i n i n g  of very n i c e  and homogeneous Sm s c a t t e -  

r i n g  t e x t u r e s  5-7 bu t  a l s o  can be e l abora t ed  f o r  t h e  

c a s e  of t he  novel  r e e n t r a n t  U s ,  t h e  f i r s t  one obta in-  

ed by C lad i s .  ’ The r i c h  polymorphism discovered  i n  a 

number of conven t iona l  or r e e n t r a n t  LCs can  a l s o  be 

taken  i n t o  account  . In  t h e  f i rs t  p a r t  of t he  paper  

we r e c a l l  t h e  method f o r  t h e  case  of convent iona l  LCs 

and e s p e c i a l l y  emphasize on t h e  LCs wi th  a r i c h  poly- 

morphism. I n  the  second p a r t  we extend our  method f o r  

the c a s e  of t h e  r e e n t r a n t  Us. I n  t h e  t h i r d  p a r t  we 

d i s c u s s  a number o f  ques t ions  which now are open f o r  

exp lana t ion  and g i v e  some our  q u a l i t a t i v e  i d e a s  €or 

some of them. The method i s  i l l u s t r a t e d  by photos  of 

Sm s c a t t e r i n g  t e x t u r e s .  The p o s s i b l e  t echn ic  app l i ca -  

t i o n  of t h i s  method i s  d i scussed  i n  the  end of t he  

paper .  

A METHOD FOR STUDY OF CONVJZNTIONAL SMECTIC PHASES 
OBTAINED FROM A STRONG LY-DEFORMED NEMATIC TEXTURE 

The g e n e r a l  i d e a  of  t h i s  method is  i l l u s t r a t e d  i n  

F igure  1. 5-s The N phase must be i n i t i a l l y  s u b j e c t  
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE 121 

u n d e r  t h e  a c t i o n  of e x t e r n a l  f o r c e s  ( e l e c t r i c  o r  magne- 

t i c  f i e l d s ,  e t c . )  i n  such  a. way t h a t  t h e  N must be 

s t rong ly -de fo rmed  i n  t h e  s u r f a c e  r e g i o n s  and q u i t e  w e l l  

o r i e n t e d  i n  t h e  r e s t  p a r t  of t h e  sample.  The d i r e c t i o n  

strongly-deformed N smectlc textures 

€ 1  (ORJ-) 

O R I E N T E D  N E M A T I C  O R I E N T E D  SMECTIC 

Strongly-deformed N smectk textures 

R A P I D  or SLOW COOLING 

FIGURE 1. A schemat i c  i l l u s t r a t i o n  of t h e  n o v e l  
method proposed f o r  t h e  s t u d y  of a c o n v e n t i o n a l  
Sm p h a s e  o b t a i n e d  a f t e r  r a p i d  o r  s low coo l ing ;  of 
a deformed c o n v e n t i o n a l  nemat i c  phase.  

of t h e  e l e c t r i c  f i e l d ,  which s h o u l d  be w i t h  a s u f f i c i -  

e n t l y  h i g h  f r e q u e n c y  t o  a v o i d  t h e  e v e n t u a l  development  

of a hydrodynamics,  depends on t h e  s i g n  of t h e  d i e l e c -  

t r i c  a n i s o t r o p y  of t h e  N phase  and i t s  i n i t i a l  o r i e n -  

t a t i o n .  Under s l o w  or r a p i d  c o o l i n g ,  t h e  Sm p h a s e  i n i -  

t i a l l y  i s  formed i n  t h e  midd le  o r i e n t e d  p a r t  of t h e  LC 
c e l l  and t h e n  i n  t h e  boundary r e g i o n s  i n  such  a way 

t h a t  v e r y  n i c e  and homogeneous Sm t e x t u r e s  a r i s e .Very  

o f t e n ,  i n t e r m e d i a t e  t e x t u r e s  s u c h  as t h e  s t r i p e - l i k e  

p a t t e r n s  of C l a d i s  and T o r z a '  or n o n i d e n t i f  i e d  p a t t e r n s  

5 ,  e t c .  grow which r e l a x  and c r e a t e  t h e  f i n a l  Sm t e x -  

t u r e s .  The s t r i p e - l i k e  p a t t e r n s  i n d i c a t e  t h e  c o e x i s t -  

e n c e  of t h e  N and Sm phases  ' whereas  t h e  n o n i d e n t i -  

f i e d  p a t t e r n s  show t h e  t r a n s f o r m a t i o n  of t h e  s t r i p 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:
12

 2
0 

Fe
br

ua
ry

 2
01

3 



I22 H. P. HINOV AND A.  I. DERZHANSKI 

l i k e  domains i n t o  t h e  f i n a l  confoca l  domains. We 

cannot  exhaus t  a l l  t h e  p o s s i b l e  in t e rmed ia t e  t e x t u r e s  

between t h e  in i t i a l ly -de fo rmed  N and the  f i n a l  Sm tex- 

tures. Th i s  can be done only a f t e r  the  performance of 

t h e  even tua l  experiments.  However, our  du ty  i s  t o  n o t e  

t h a t  t h e r e  a r e  examples when t h e  in t e rmed ia t e  t e x t u r e s  

cannot  appear  due t o  a number of causes  such as the  

va lue  of t h e  l a t e n t  hea t  around t h e  cor responding  N -  

Sm phase t r a n s i t i o n  and t o  the  su r face  t e n s i o n  between 

t h e  N and Sm phases ,  e t c .  We s h a l l  focus  our  a t t e n t i o n  

t o  t h e s e  problems below. We a g a i n  emphasize t h a t  a 

Sm monocrystal  appears  f i r s t  i n  t h e  middle o r i e n t e d  

p a r t  of t he  N c e l l  where t h e  t r a n s i t i o n  temperature  i s  

h ighe r  and then s t r o n g l y - s c a t t e r i n g  and r e g u l a r  Sm tex-  

t u r e s  a r e  formed i n  t h e  strongly-deformed N s u r f a c e  re-  

g ions  where the  t r a n s i t i o n  temperature  i s  lower. 

Consequently,  t h e  Sm phase c r e a t e d  i n  the  su r face  r e -  

g ions  must match i t s e l f  bo th  t o  t h e  a l r eady  c r e a t e d  

Sm monocrystal  i n  t h e  middle p a r t  of the  sample and t o  

t h e  o r i e n t a t i o n  of t he  LC molecules a t  t h e  su r face  

determined by t h e  way of p r e p a r a t i o n  of t h e  g l a s s  

p l a t e s  c o n f i n i n g  t h e  Lc. This  way of t h e  Sm growth 

has two advantages:  f i r s t ,  i t  i s  p o s s i b l e  t o  o b t a i n  

very homogeneous Sm s c a t t e r i n g  c e n t e r s  w i th  a s i z e  of 

s e v e r a l  microns,  h igh  d e n s i t y  and s t a b i l i t y ,  which a r e  

n e a r l y  independent bo th  on t h e  temperature  i n s i d e  the  

Sm i n t e r v a l  and on t h e  e x t e r n a l  f o r c e s  app l i ed  a c r o s s  

the  N l a y e r s  under  s tudy  and second, i n  some of the 

c a s e s  i t  i s  p o s s i b l e  the  approximate c a l c u l a t i o n  of 

the  i n t e r f a c i a l  energy of i n t e r a c t i o n  between t h e  Sm 
molecules  and the  glass s l i d e s  o r  t h e i r  covering.  5 1 6  

I n  t h i s  way, i t  i s  p o s s i b l e  t o  o b t a i n  Sm s c a t t e r i n g  
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE I23 

t e x t u r e s  w i t h  d e s i r a b l e  p r o p e r t i e s  f o r  a p p l i c a t i o n  i n  

t h e  d i s p l a y  t echn ique .  On t h e  o t h e r  hand, t he  p roposed  

method c a n  be s u c c e s s f u l l y  a p p l i e d  when U s  w i t h  a r i c h  

polymorphism are used.  Let us  r e c a l l  t h a t  t h e  Sm meso- 

phase  c a n  be a r r a n g e d  i n  The f o l l o w i n g  o r d e r :  S A  - S - 
D s - s F - s B - s H - s E - s G  * 10, 1 1 ,  72 

C 
O f  c o u r s e ,  i n  t he  v a r i o u s  U s  d i f f e r e n t  Sm c o m b i n a t i o n s  

might  e x i s t ,  I n  o u r  knowlidge,  . t he re  a r e  a number of 

E s  w i t h  a r i c h  polymorphism such  as TBBA 'j, TBPA 

arid 5 0 , 6  15, e t c .  ( s e e  a l s o  t h e  LCs mentioned i n  Refs. 

16-18) "  Var ious  L C s  w i t h  a r i c h  polymorphism and  p o s s i -  

b i l i t i e s  for a p p l i c a t i o n  i n  t h e  d i s p l a y  t e c h n i q u e  were 

n o t e d  by Dubois as w e l l .  l 9  Our method c a n  b e  a p p l i e d  

t o  t h o s e  LCs when t h e  Srn p h a s e  follows a f t e r  t h e  N p n a s e  

unde r  c o o l i n g .  According t o  Sackmann " and P e t r i e  

t h e  f o l . l u w i n g  polymorphism i s  i m p o r t a n t  ( l e t  us  mention 

t h a t  a number of n o v e l  Sm p h a s e s  have been r e c e n t l y  

d i s c o v e r e d ) :  dimorphism: SAN; S$i; SCN; ScN; , 

, 

2 0  

t r imorph i sm:  S S N ;  S S N ;  SGSAN: SES$J; S S N: , 
tetramorphksm: SE;jBSAN; S G S B S A &  Y ;  SBSCSAN; SFSCSAN; 

A B  C A  B C  

pentamorphism: S S S S N; S S S S N and s o  on. T h i s  G F C A  G B C A  
polymorphism i s  i m p o r t a n t  f o r  ';he a p p l i c a t i o n  of our  
method due t o  t h e  f o l l o w i n g  c a u s e s :  i t  would be ve ry  

i n t e r e s t i n g  t h e  e x p e r i m e n t a l  i n v e s t i g a t i o n  of LCs w i t h  

a r i c h  polymorphism due t o  t h e  p o s s i b l e  t r a n s f  o rma t ion  

of  b o t h  t h e  h igh - t empera tu re  Sm t e x t u r e s  i n t o  t h e  l o -  

wer - t empera tu re  Sm t e x t u r e s  and the t r a n s f o r m a t i o n  of  
t h e  h igh - t empera tu re  o r i e n t e d  Sm phase  i n t o  t h e  lower- 
tercperatwre o r i e n t e d  Sm phase  .in c a s e s  when t h i s  Pr'TJL- 

e s s  i s  p o s s i b l e .  In t n e  more f a v o u r a b l e  c a s e s  , i t  .is 

p o s s i h l e  t o  o b t a i n  hogh-qua l i ty  Sm s c a t t e r i n g  t e x t u r e s  

i n  a wide Lerr.perature range f o r  a p p l i c a t i o n  i n  t h e  
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I24 H. P. HINOV AND A. I .  DERZHANSKI 

d i s p l a y  t e c h n i q u e ,  

A METHOD FOR STUDY OF THE CONmNTIONAL AND REENTRANT 
SMECTIC PHASES OBTAINED FROM A STRONGLY-DEFORMED 
NEMATIC REENTRANT TEXTURE 

The d i s c o v e r y  of t h e  r e e n t r a n t  N phase  by C l a d i s  w 3 s  

v e r y  i m p o r t a n t  from t h e  s c i e n t i f i c  p o i n t  of view. 

For  i n s t a n c e  t h e  f o l l o w i n g  sequence of Ix: p h a s e s  : 

- s  - K g i v e  r i s e  t o  a number of ‘A - N r e  A(re)  I - N -  

f undamen ta l  q u e s t i o n s  f a r  t h e  s t r u c t u r e  of t h e  N and 

S r e e n t r a n t  p h a s e s z 3 (  a number of  p a p e r s  d e a l t  w i t h  

t h i s  problem and measurements of v a r i o u s  c h a r a c t e r i s t i c  

p a r a m e t e r s  of t h e  r e e n t r a n t  phase  s u c h  as t h e  o r d e r  pa- 

r a m e t e r  S and t h e  v a i u e  of t h e  o p t i c a l  b i r e f r i n g e n c e ,  

e t c .  were made). The r i c h  polymorphism of t h e  r e e n t r a n t  

LCs was r e c e n t l y  reviewed by Nguyen Huu T inh  L4 i n  

acco rdance  w i t h  t h e  r e s u l t s  o b t a i n e d  i n  t h e  Bordeaux 

LC Group i n  France and Halle LC Group i n  DDR. The r een -  

t r a n t  LCs e n l a r g e  v e r y  much t h e  p o s s i b i l i t i e s  f o r  a p p l i -  

c a t i o n  of t h e  n o v e l  method . Our g e n e r a l  scheme f o r  

t h i s  c a s e  i s  shovn i n  F i g u r e  2. The comparison of t h e  

two schemes shown i n  F i g u r e s  1 and 2 c l e a r l y  p o i n t s  

o u t  t h e  a p p a r e n t  a d v a n t a g e s  of t h e  n o v e l  method pro- 

posed f o r  t h e  case of t h e  r e e n t r a n t  Es. The Sm phase  

c a n  be s t u d i e d  n o t  on ly  a f t e r  s l o w  o r  r a p i d  c o o l m g  of 

t h e  r e e n t r a n t  N phase  b u t  a l s o  a f t e r  s low o r  r a p i d  

h e a t i n g  of t h e  same r e e n t r a n t  N phase.  The i n t e r m e d i a t e  

r e e n t r a n t  and /o r  c o n v e n t i o n a l  N and Sm p h a s e s  are  n o t  

shown s i n c e  t h e s e  t e x t u r e s  depend d r a s t i c a l l y  on t h e  

sequence o f  t h e  LC p h a s e s  u n d e r  s t u d y .  I t  i s  i m p o r t a n t  

t o  emphasize on s e v e r a l  s equences  of  Lc p h a s e s .  Let us  

s t a r t  w i t h  t h e  Lcs s y n t e s i z e d  and i n v e s t i g a t e d  by t h e  

H a l l e  LC Group i n  DDR. S i m u l t a n e o u s l y ,  we shall comment 
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE 125 

on tne  p o s s i b l e  a p p l i c a t i o n  of t h e  method. 

I n  t h i s  c a s e ,  u s i n g  a s t rong ly -de fo rmed  r e e n t r a n t  N 

phaoe i n  t h e  boundary r e g i o n s  and a n  o r i e n t e d  r e e n t r a n t  

N p n a s e  i n  the  r e s t  p a r t  of t h e  samples ,  i t  i s  p o s s i b l e  

t o  s t u d y  bo th  t h e  S A  and SB p h a s e s  s i m u l t a n e o u s l y .  

K 25 
'E - a ) I - S  - N  - S g -  

A . re  

FIGURE 2.  A schemat i c  i l l u s t r a t i o n  of t h e  n o v e l  
method proposed f o r  t h e  s t u d y  of c o n v e n t i o n a l  and 
r e e n t r a n t  Sm p h a s e s  o b t a i n e d  a f t e r  r a p i d  o r  s l o w  
c o o l i n g  o r  h e a t i n g  of a deformed r e e n t r a n t  N phase.  

Hovrever, l e t  us  s t r e s s  t h a t  t h e  t i l t e d  Sm p h a s e s  such  

as SC * s 
d e f o r m a t i o n  of p r e v i o u s l y - t w i s t e d  r e e n t r a n t  N l a y e r :  

i . e ,  i n  t h i s  case t h e  complex bend- twi s t - sp l ay  deforma- 

t i o n s  m u s t  e x i s t  i n  t he  boundary r e g i o n s .  

, Et e t c . , 2 6  s h o u l d  be i n v e s t i g a t e d  a f t e r  
Bt 

7 
2 7  b )  I - N - SA - Nre - Sc - K 

A I n  t h i s  c a s e  i t  i s  p o s s i b l e  t o  i n v e s t i g n t e  bo th  t h e  S 

C and Sc p h a s e s .  As i n  t h e  p r e v i o u s  c a s e ,  t h e  S 

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

or c o o l i n g  of a p r e v i o u s l y - d e f  ormed t w i s t e d  r e e n t r a n t  

N l a y e r ,  r e s p e c t i v e l y .  O f  c o u r s e ,  we c a n  i n v e s t i g a t e  

s e p a r a t e l y  t h e  S and S p h a s e s  from a d i f f e r e n t  

and S 
A 

A C 
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126 H. P. HINOV A N D  A. I. DERZHANSKI 

deformed r e e n t r a n t  N phase.  F o r  i n s t a n c e ,  i t  i s  s u f f i -  

c i e n t  t o  u s e  a p rev ious ly -de fo rmed  splay-bend r e e n t -  

r a n t  N t o  s t u d y  t h e  S, phase.  
27  

n 

C )  I - N - SA - Sc - N r e  - K  
Now we c a n  i n v e s t i g a t e  o n l y  t h e  S p h a s e ,  however upon 

h e a t i n g  of t h e  p rev ious ly -de fo rmed  t w i s t e d  r e e n t r a n t  

N phase .  

C 

T h i s  c a s e  of  a phase  sequence i s  v e r y  i n t e r e s t i n g  s i n c e  

i t  g i v e s  t h e  p o s s i b i l i t y  t o  compare t h e  c o n v e n t i o n a l  

and  r e e n t r a n t  Sm t e x t u r e s  o b t a i n e d  from t h e  r e e n t r a n t  

N phase.  - SB - S E -  K 29 
A - 'C - N r e  e )  I - N - S 

I n  t h i s  c a s e  i t  i s  p o s s i b l e  t o  s t u d y  s i m u l t a n e o u s l y  

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

p rev ious ly -de fo rmed  r e e n t r a n t  N p h a s e ,  r e s p e c t i v e l y .  
C B 

2 8  - K  
C ( r e )  

f ) I - N -  S A  - Sc - Nre - S 

Again we have  a v e r y  i n t e r e s t i n g  phase  sequence.  Now, 

i t  i s  p o s s i b l e  t o  compare t h e  c o n v e n t i o n a l  and r e e n t -  

r a n t  Sc t e x t u r e s .  

g )  I - S A  - Nre - K ; I - SA - Sc - Nre - K; 
I - SA - N r e  - Sc - K j0 

With such  LCs w e  can  i n v e s t i g a t e  t h e  S p h a s e  upon he&- 

t i n g  of t h e  p rev ious ly -de fo rmed  r e e n t r a n t  N p h a s e ,  t h e  

S p h a s e  a f t e r  h e a t i n g  of t h e  p rev ious ly -de fo rmed  N 

r e e n t r a n t  phase  and t h e  S phase  a f t e r  h e a t i n g  of t h e  A 
prev ious ly -de fo rmed  N phase.  The l as t  c a s e  i s  s imilar  

t o  t h e  c a s e  b ) .  However, t h e  S 

t a i n e d  a f t e r  c o o l i n g  of t h e  I phase.  

A 

c 

phase  c a n  now be ob- A 

Let us  beg in  w i t h  t h e  more i n t e r e s t i n g  phase  se- 

quences d i s c o v e r e d  and i n v e s t i g a t e d  by t h e  Bordeaux 

IC Group i n  France.  It i s  n e c e s s a r y  t o  p o i n t  o u t  t h a t  
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE 127 

some p h a s e  sequences  have been s i m u l t a n e o u s l y  d i s c o -  

v e i e d  and i n v e s t i g a t e d  by t h e  Bordeaux Lc Group i n  

F r a n c e  and by t h e  Halle L c  Group i n  DDR. 

'A - 
I n  t h i s  c a s e  we c a n  

t i o n a l  S phase  and 

'A - e ) I - N -  

h ) I - N -  

C 

31 

s i m u l t a n e o u s l y  s t u d y  t h e  

- K  
A(re)  

Sc - Nre - S 

t h e  r e e n t r a n t  SA phase .  
- K 24 

re 

conven- 

T h i s  i s  v e r y  i n t e r e s t i n g  c a s e  because  i t  p e r m i t s  t h e  

compar i son  of c o n v e n t i o n a l  and r e e n t r a n t  N t e x t u r e s .  

T h i s  c a n  be done a f t e r  t h e  s t u d y  of t h e  SA t e x t u r e s  

o b t a i n e d  e i t h e r  a f t e r  c o o l i n g  of  t h e  c o n v e n t i o n a l  N 

phase  o r  a f t e r  h e a t i n g  of t h e  r e e n t r a n t  N phase.  

DISCUSS ION 
We l i k e  t o  o u t l i n e  some g e n e r a l  problems c l o s e l y  re la-  

t e d  t o  t h e  n o v e l  method p roposed  f o r  t h e  s t u d y  of  con- 

v e n t i o n a l  o r  r e e n t r a n t  N and Sm p h a s e s .  F i r s t ,  we 

s t r e s s  t h a t  t h e  o b t a i n i n g  of u s e f u l  Srn t e x t u r e s  depends 

on many c a u s e s ,  some of which w i l l  be d i s c u s s e d  he re .  

The f o l l o w i n g  c i r c u m s t a n c e s  are  more i m p o r t a n t :  t h e  

v a l u e  of t h e  i n i t i a l  N o r  N splay-bend,  s p l a y - t w i s t -  re  
bend o r  o n l y  twist  d e f o r m a t i o n s  i n  t h e  boundary r e g i o n s  

t h e i r  d e p t h  of p e n e t r a t i o n  i n s i d e  the  IC l a y e r s ,  t h e  

e x i s t e n c e  of c y b o t a c t i c  g roups  5-7' 53, t h e  v a l u e  of t h e  

l a t e n t  h e a t  at  t h e  c o r r e s p o n d i n g  p h a s e  t r a n s i t i o n  c l o s -  

l y  r e l a t e d  t o  t h e  t y p e  of t h e  p h a s e  t r a n s i t i o n ' ,  e t c .  

I n  o u r  o p i n i o n ,  t h e  r a p i d  c o o l i n g  i s  more i n t e r e s t i n g  

c a s e  s i n c e  i t  u s u a l l y  i s  accompanied by s t r i p e - l i k e  

p a t t e r n s  which a f t e r  r e l a x a t i o n  g i v e  r i s e  t o  t h e  f o r -  

ma t ion  of t he  f i n a l  Sm t e x t u r e s .  Let u s  a g a i n  stress 

t h a t  t h e  r a t e  of t h e  c o o l i n g  c a n  change t h e  t y p e  of 

t h e  phase  t r a n s i t i o n ,  I t  i s  c l e a r  t h a t  our  method 
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128 H .  P. HINOV A N D  A .  I .  DERZHANSKI 

i s  a b l e  t o  g i v e  v e r y  i n t e r e s t i n g  and u s e f u l  Sm s c a t t e -  

r i n g  t e x t u r e s  when U s  w i t h  a small l a t e n t  h e a t  around 

t h e  phase  t r a n s i t i o n s  a r e  used.  It i s  a l s o  c l e a r  t h a t  

t h e  c a s e  of  t h e  r e e n t r a n t  phase  i s  more f a v o u r a b l e  f o r  

a p p l i c a t i o n  of t h i s  method. Let us  a t  t h i s  p o i n t  s t r e s s  

t h a t  t h e  small l a t e n t  h e a t  a t  t h e  c o r r e s p o n d i n g  r e e n t -  

r a n t  phase  t r a n s i t i o n s  i s  e v i d e n t  from t h e  many expe- 

r imental  r e s u l t s  o b t a i n e d  up t o  now. I t  i s  well-known 

t h a t  he te rogeneous  and homogeneous n u c l e a t i o n  t h e o r i e s  

e x i s t ”  j5’ j6. I n  accordance  w i t h  t h e  r e s u l t s  of 
Armitage and P r i c e  j5’ j 6  l e t  us  r e c a l l  t h a t  t h e  boun- 

d a r y  s u r f a c e s  induce  a l ignment  of t h e  molecules  and 

t h e r e f o r e  a c t  as he terogeneous  n u c l e a t i o n  s i t e s .  These 

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

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

The g e n e r a l  q u e s t i o n  i s  r e l a t e d  t o  t h e  p o s s i b l e  k i n d  

of t h e  n u c l e a t i o n  of t h e  Sm phase  i n  t h e  middle  o r i e n -  

t e d  p a r t  of t h e  samples  and i n  t h e  boundary r e g i o n s .  

The answer depends on t h e  n a t u r e  of t h e  p h a s e  t r a n s i -  

t i o n  which i n  t u r n  depends on t h e  r a t e  of t h e  c o o l i n g  

and t h e  i m p u r i t y  c o n t e n t  37, e t c .  On t h e  o t h e r  hand, 

t h e  very  i m p u r i t i e s  c a n  s u r v e  as n u c l e a t i o n  c e n t e r s  

around which t h e  n u c l e a t i o n  s i t e s  might be f o r m e d , e t c .  

Let u s  a g a i n  s t r e s s  t h e  c l a i m s  of Armitage and P r i c e  

f o r  t h e  p o s s i b l e  way of growth of t h e  LC phase.  I t  

depends on t h e  s u p e r c o o l i n g ,  h e a t  f low and tempera ture  

d i s t r i b u t i o n ,  i n t e r f a c i a l  t e n s i o n  between t h e  low- 

tempera ture  phase  s i t e s  and t h e  r e s t  high-temperature  

p h a s e ,  s u r f a c e  a l ignment  p r o p e r t i e s ,  e l a s t i c  d i s t o r -  

t i o n  energy  and p r e s s u r e  changes.  From o u r  r e c e n t  

exper iment  a1 r e s u l t s  5-7 we unders tood  t h a t  t h e  t y p e  

of t h e  phase  t r a n s i t i o n  c l o s e l y  r e l a t e d  t o  t h e  e x i s t -  

36 
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE 129 

ence  of c y b o t a c t i c  g r o u p s  i s  t h e  most i m p o r t a n t  c a u s e  

which d e t e r m i n e s  t h e  way of t h e  Sm growth. The glass 

p l a t e  t opography  i s  i m p o r t a n t  f o r  t h e  t y p e ,  d i s t r i b u -  

t i o n  and homogeneity of t h e  Sm t e x t u r e s .  Consequen t ly ,  

t h e  Sm s u r f a c e  f o r c e s  59 6 *  3’ a r e  v e r y  i m p o r t a n t  f o r  

t h e  s i z e  and t h e  d i s t r i b u t i o n  of t h e  Sm s c a t t e r i n g  

c e n t e r s .  I n  some of t h e  c a s e s ,  i t  i s  p o s s i b l e  t o  csl- 

c u L a t e  a p p r o x i m a t e l y  t h e  v a l u e  of  t h e  s u r f a c e  ene r -  

gy’* 6 .  According t o  u s  , t h i s  i s  t h e  on ly  p o s s i b l e  

way which p e r m i t s  t o  e v a l u a t e  t h e  s t r e n g t h  o f  t h e  s u r -  

f a c e  c o u p l i n g  of t h e  Sm a c l e c u l e s  w i t h  t h e  glass p l a t e s  

o r  t h e i r  c o v e r i n g .  Second, we s h o u l d  emphasize that  t h e  

t h e r m a l  p r o p e r t i e s  o f  t h e  glass p l a t e s  and of  t h e  v e r y  

LC a r e  i m p o r t a n t  as  we l l  ” 
a g a i n  men t ion  t h a t  t i l t e d  Sm t e x t u r e s  c a n  be o b t a i n e d  

from i n i t i a l l y - d e f o r m e d  t w i s t e d  N l a y e r s .  It  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  weak Q-po la r  s u r f a c e  f o r c e s  

c a n n o t  overcome t h e  t i l t  of t h e  LC molecu le s  due t o  

t h e  v e r y  Sm s t r u c t u r e .  I n  t h e  c a s e  of an i n i t i a l l y -  

deformed t w i s t e d  N l a y e r ,  t h e  c y b o t a c t i c  g roups  p l a y  

a c r u c i a l  r o l e  f o r  t h e  o b t a i n i n g  of a l r e a d y  known and 

novel  Sm t e x t u r e s .  

j 9 .  F i n a l l y ,  l e t  us  

7 

SOME ILLUSTRATIONS OF THE NOVEL METHOD 

Although we have a p p l i e d  t h i s  method t o  t h r e e  s e p a r a t e  

cases 5-7 w e  l i k e  f o r  c o m p l e t n e s s ,  t o  i l l u s t r a t e  t h e  

method e i t h e r  by a l r e a d y  o b t a i n e d  Sm t e x t u r e s  o r  by 

Sm t e x t u r e s  which a re  o r i g i n a l .  

a )  Let u s  s t a r t  w i t h  t h e  c a s e  of CBOOA ’. The N 

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

l e c u l e s  w i t h  t h e  glass p l a t e s  t r e a t e d  by S i O  unde r  va- 

cuum e v a p o r a t i o n  was s t r o n g .  A h igh- f r equency  e l e c t r i c  
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I30 H. P. HINOV A N D  A .  1. DERZHANSKI 

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

t h e  N l a x e r  and t h e n  t h e  N p h a s e  was s u b j e c t e d  unde r  a 

x a p i d  c o o l i n g .  The a p p l i c a t i o n  of a v o l t a g e  of 5 V 

( U t h  = 1 , I  V ,  wnere U t h  i s  t h e  t n r e s h o l d  v o l t a g e ,  

d = 26 m i c r o n s )  a t  a c o o l i n g  r a t e  of  15' C/rnin l e d  t o  
t he  f Grmation of t n e  well-known honeycomb t e x t u r e  shown 

I i n  F i g u r e  j a  The r a i s i n g  o f  t h e  v o l t a g e  above 'j V, 

l e d  t o  t h e  f o r m a t i o n  of c o n f o c a l  domains shown i n  

F i g u r e  5 b  ( f u r  t h e  d e t a i l s  of  t h e  e x p l a n a t i o n  see 

FIGURE 5 .  Var ious  Sm A t e x t u r e s  a r r i s i n g  i n  t h e  
Lc C B O O A  l a y e r  26 mic rons  t h i c k  a f t e r  t h e  a p p l i c a -  
t i c n  of a v o l t a g e  a c r o s s  t h e  N phase  f o l l o e d  by 
ra i d  c o o l i n g :  a )  U = j V ( f  = 5 kHz), c o o l i n g  ra te  
15  C/min, c r o s s e d  n i c o l s ;  ti) U l a r g e r  t h a n  5 V 

b )  The second example i s  w i t h  the LC NPOB which 

8 

was s u b j e c t e d  unde r  t h e  a c t i o n  of  a t r a n s v e r s a l  h igh -  

f r e q u e n c y  e l e c t r i c  f i e l d .  I n  t h i s  c a s e  t h e  N phase  

was i n i t i a l l y  homeotropic ,  The c o u p l i n g  between t h e  

LC m o l e c u l e s  and t h e  glass p l a t e  s u b s t r a t e  b e i n g  c l e a r  

o r  c o a t e d  by l e c i t h i n  was weak. The e l e c t r i c  f i e l d  was 

a p p l i e d  i n  a t r a n s v e r s a l  d i r e c t i o n  due t o  t h e  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  of t he  N p h a s e  of t h e  IC under  

s t u d y .  A t  a low v o l t a g e  ( U  = 100 V ,  1 = 1 m m ,  f = SkHz 

d = 10 m i c r o n s )  we o b t a i n e d  Sm t e x t u r e  v e r y  similar 

t o  t h e  honeycomb t e x t u r e  ' ( s e e  F i g u r e  4a).  
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE 131 

FIGURE 4. Var ious  Sm A t e x t u r e s  a r r i s i n g  i n  a 
NPOB II: l a y e r  of 10 mic rons  a f t e r  t h e  a p p l i c a t i o n  
o f  a t r a n s v e r s a l  v o l t a g e  a c r o s s  t h e  N p h a s e  f o l l o w -  
ed by r a p i d  c o o l i n g :  a )  The d i s t a n c e  between t h e  
m e t a l  f o i l s  was 1 m m ,  U = 1 0 C  v ,  f = 5 kHz, r a p i d  
c o o l i n g  r a t e ,  c r o s s e d  n i c o l s ,  t h e  e l e c t r i c  f i e l d  
was a p p l i e d  a l o n g  t h e  n i c o l  b i s e c t r i x ;  b)U= 700 V 
t h e  e l e c t r i c  f i e l d  was a p p l i e d  a l o n g  t h e  p o l a r i z e r .  

Be fo re  t h e  o b t a i n i n g  of t h i s  t e x t u r e ,  t n e  well-known 

s t r i p e - l i k e  p a t t e r n s  were no ted .  Consequen t ly ,  t h i s  Sm 

t e x t u r e  h a s  been c r e a t e d  due t c  t h e  c o e x i s t e n c e  of t h e  

Sm and N p h a s e s  r e s u l t i n g  i n  t h e  f o r m a t i o n  of  i+ coru -  

g a t e d  N-Sm A i n t e r f a c e  and i t s  r e l a x a t i o n .  The r a i s i n g  

o f  t h e  v o l t a g e  up t o  500 V l e d  t o  t h e  f o r m a t i o n  of re- 
g u l a r  p a t t e r n s  i n  t h e  boundary r e g i o n s  c o n s i s t i n g  of 

c o n f o c a l  p a i r s  of e l l i p s e - h y p e r b o l a  w i t h  a Marignan- 

Male t -Pa rad i  a s s o c i a t i o n  . ( s e e  F i g u r e  4 b )  

c o n c e r n s  t h e  Sm C phase.’ The LC u n d e r  s t u d y  NOBA was 

i n i t i a l l y  t w i s t e d  i n  t h e  N s t a t e .  The e l e c t r i c  f i e l d  

was a p p l i e d  normal  t o  t h e  glass p l a t e s .  After t h e  app lk -  

c a t i o n  of a v o l t a g e  w i t h  a s u f f i c i e n t  s t r e n g t h  ( .Larger 

t h a n  100 V ,  d = 26 mic rons ,  f = 10 kHa) we o b t a i n e d  

for t h e  f i r s t  time o p t i c a l l y - o b s e r v a b l e  edge -d i s loca -  

t i o n s  shown i n  F i g u r e  5 (some of t h e  l i n e s  are  u s u a l  

walls) .  I n  t h i s  way, t h e  a p p l i c a t i o n  of t h e  nove l  

c )  The f i n a l  i l l u s t r a t i o n  which w e  l i k e  t o  show 
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132 H. P. HINOV AND A. 1 .  DERZHANSKI 

FIGURE 5. Observa t ion  of n o v e l  o p t i c a l l y - o b s e r v a -  
b l e  e d g e - d i s l o c a t i o n s  i n  a N O B A  Lc l a y e r  26 microns 
t h i c k ,  U = 200 V ,  f = 20 kHz 

method l e a d s  t o  t h e  formatican of n i c e  and homogeneous 

Sm s c a t t e r i n g  t e x t u r e s  which c a n  be e i t h e r  used i n  t h e  

thermal ly-addressed  LC d i s p l a y  d e v i c e s  or c a n  be 

n o v e l  Sm t e x t u r e s ,  e s p e c i a l l y  i n  t h e  r e e n t r a n t  c a s e .  

8 ONE EXAMPLE FOR DISPLAY APPLICATION 

I t  i s  e v i d e n t  t h a t  t h e  method proposed f o r  t h e  forma- 

t i o n  of h i g h - q u a l i t y  Sm t e x t u r e s  w i t h  s t o r a g e  c a n  he 

a p p l i e d  i n  t h e  thermal ly-addressed  Sm Lc d i s p l a y s .  

The o p e r a t i o n  G f  such a d i s p l a y ,  f o r  example w i t h  

C B O O A ,  i s  i l l u s t r a t e d  i n  F i g u r e  6. The i n i t i a l  t r a n s -  

p a r e n t  homeotropic  Sm A c a s e ,  d e s i g n a t e d  by ( 1 )  c a n  be 

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

AC v o l t a g e  (above 30 U t h  f o r  t h e  C B O O A  c a s e ,  where 

U t h  i s  t h e  F r e d e r i k s  t h r e s h o l d  v o l t a g e )  a c r o s s  t h e  LC 
are% , f o l l o w e d  by t h e  h e a t i n g - c o o l i n g  c y c l e .  The 
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE 133 

second s t e p  is  t h e  d e c r e a s e  of t h e  v o l t a g e  t o  between 

3 Uth and 10 Uth  and t h e  l o c a l  h e a t i n g  of t h e  homeo- 

t r o p i c  t r a n s p a r e n t  Sm A LC t o  t h e  I phase by an i n f r a -  
r e d  l a s e r  beam or by o t h e r  means, T h i s  i s  r e v e a l e d  by 

FIGURE 6, O p e r a t i o n  of t h e  t h e r m a l l y - a d d r e s s e d  
d i s p l a y  f o r  t h e  C B O O A  case f o r  c r e a t i o n  of s t a t i c  
f i g u r e s  : "WRITING" c y c l e  ( 1 )-( 2)-(3), "ERASING" 
c y c l e  ( 4  I-( 5 ) - ( 6 )  - 

t h e  

g o e s  back t o  t h e  Sm A phase  a f t e r  t h e  removal  of t h e  

h e a t i n g  s o u r c e .  The r a p i d  ( f r e e )  c o o l i n g  t h e n  l e a d s  t o  

t h e  f o r m a t i o n  of a homeotrwpic Sm A p h a s e  i n  t h e  midd le  

p a r t  of t h e  c e l l  and two s t r o n g l y - s c a t t e r i n g  s u r f a c e  

r e g i o n s  w i t h  c o n f o c a l  domains which are u s u a l l y  homo- 

g e n e o u s l y  d i s t r i b u t e d  (see F i g u r e  J b )  w i t h  a h i g h  den- 

s i t y .  T h e i r  s i z e  and d e n s i t y ,  as n o t e d ,  depends c r u -  

c i a l l y  on t h e  t r e a t m e n t  of t h e  glass p l a t e s  and t h e  

s t r e n g t h  of t h e  AC v o l t a g e  a p p l i e d  a c r o s s  b o t h  t h e  N 

and Sm A phases .  The appea rance  of t h e  e l e c t r i c a l l y  

s u r f a c e - i n d u c e d  c o n f o c a l  domains i s  SURFACE-CONTROL- 

LABLE, VERY STABLE, REPEATABLE and o n l y  SLIGHTLY 

DEPENDENT on t h e  V A R I A T I O N  of t h e  TEMPERATURE INSIDE 

p o s i t i o n  ( 2 )  of t h e  LC shown i n  F i g u r e  6 .  The IC 
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134 H. P. HINOV AND A. 1. DERZHANSKI 

TI.IE SM A INTERVAL. N e i t h e r  t h e  i n c r e a s e  o r  removal  of 

t h e  a p p l i e d  v o l t a g e  changes  t h e  Sm A t e x t u r e s  o b t a i n e d .  

I t  i s  c l e a r  t h a t  t h e  " W R I T I N G "  c y c l e  i s  e f f e c t e d  by t h e  

( 1 ) - ( 2 ) - ( j )  s u c c e s s i v e  s t a t e s  of t h e  U: as shown i n  

F i g u r e  6. The "ERASUREqt of the s t o r e d  Sm A c o n f o c a l  

domains can  be l o c a l  o r  t o t a l  and e a c h  of  t h e s e  c a s e s  

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

shown by t h e  ( 4 ) - ( 5 ) - ( 6 )  s t a t e s  of t h e  LC, a l s o  i l l u s -  

t r a t e d  i n  F i g u r e  6. I n i t i a l l y ,  t h e  s c a t t e r i n g  r e g i o n s  

are h e a t e d  by a n  i n f r a r e d  laser  beam up t o  t h e  I p h a s e  

( p o s i t i o n s  ( 4 )  and ( 5 )  of t h e  LC c e l l  shown i n  F i g u r e  

6 ) .  The "ERASURET1 c y c l e  i s  accompanied by t h e  a p p l i c a -  

t i o n  of a h igh - f r equency  A C  v o l t a g e ,  which must e n s u r e  

t h e  f i n a L  t r a n s p a r e n t  homeotropic  Sm A phase  as shown 

i n  p o s i t i o n s  ( 4 )  and ( 5 )  on F i g u r e  6. The f i n a l  p o s i -  

t i o n  ( 6 )  i s  e q u i v a l e n t  t o  t h e  i n i t i a l  p o s i t i o n  ( 1 )  and 

i s  o b t a i n e d  a f t e r  t h e  removal  of t he  v o l t a g e .  Consequ- 

e n t l y ,  t h e  q'WRITINGvT (1)-(2)-(3) c y c l e  and the  

"ERASING" (4)-( 5 ) - (  6 )  c y c l e  a r e  THERMALLY and ELECTRI- 

C A L L Y  a s s i s t e d  ( F i g u r e  6) .  The f u l l  "WRITTNG"-"ERASINGft 

c y c l e  i s  e f f e c t e d  by t h e  ( 1 ) - ( 2 ) - ( j ) - ( 4 ) - ( 5 ) - ( 6 )  

s t a t e s  of t h e  L C .  

C O N C L U S I O N  

We p r o p o s e  6 s i m p l e  method f o r  the f o r m a t i o n  of 
s u r f a c e - i n d u c e d  and su r face -gove rned  c o n v e n t i o n a l  and 

r e e n t r a n t  Sm t e x t u r e s  which c a n  b e  s t u d i e d  from t h e  

n c i e n t i f k c  p c i n k  of  view o r  c a n  be a p p l i e d  i n  the Ia- 

s e r - a a d r e s s e d  thermo-opt ic  Sm LC s t o r a g e  d i s p l a y s  f o r  

c r e a t i o n  of s t a t i c  f i g u r e s ,  These Sm d i s p l a y s  c a n  

w o r k  e i t h e r  i n  t r a n s m i s s i v e  o r  r e f l e c t i v e  modes. S ince  

t n e  c r e a t e d  Sm t e x t u r e s  depend on t n e  t y p e  o f  t h e  
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A NOVEL METHOD FOR STUDY OF A SMECTIC PHASE 13s 

p h a s e  t r a n s i t i o n  and the l a t e n t  h e a t  t h i s  method i s  

v e r y  f a v o u r a b l e  f o r  a p p l i c a t i o n  f o r  t h e  r e e n t r a n t  Sm 

and  N p h a s e s .  The e x i s t e n c e  of c y b o t a c t i c  g r o u p s  i s  

v e r y  i m p o r t a n t  as wel l .  S t i l l  t o  be e x p l a i n e d  are t h e  

d i s t r i b u t i o n  of t h e  h e a t  f l o w  40’ 41 now u n d e r  n o v e l  

c o n d i t i o n s ,  as  we l l  as a q u a n t i t a t i v e  answer  f o r  t h e  

d i r e c t  r e l a t i o n  between t h e  topography  of t h e  glass 

p l a t e s  and t h e  type and  d i s t r i b u t i o n  of t h e  Sm t e x t u -  

r e s  i n  e a c h  of t h e  c a s e s  unde r  s t u d y ,  e t c .  The s i m p l e  

method p roposed  c a n  be a p p l i e d  f o r  s t u d y  o f  many Sms 

a r r i s i n g  e i t h e r  f rom c o n v e n t i o n a l  o r  r e e n t r a n t  N p h a s e s  

u n d e r  c o o l i n g  o r  h e a t i n g .  
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