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RESONANT-THERMAL OPTICAL HYSTERESIS Ill LIQUID 
CRYSTALS 

L e Z A G A I N O V A , G  eKLIMUSHEVA,L eYATSENKO ,V eDAEJILOV 
I n s t i t u t e  o f  Phys ics  Ukr.Acad.of S c i .  ,Kiev ,USSR 

Abs t rac t  An o p t i c a l  h y s t e r e s i s  has  been achieved 
f o r  t h e  first time i n  an impur i ty  l i q u i d  c r y s t a l  
w i t h  a h e l i c o i d a l  d i s t r i b u t e d  feedback a t  compara- 
t i v e l y  low l i g h t  i n t e n s i t i e s  ( t h e  power o f  t he  l a -  
s e r  pump i s  on the  o r d s  o f  a few k i1owat tes )wi th  
s h o r t  response time( 10 s) . 

INTRODUCTION 

The h e l i c a l  s t r u c t u r e  of c h o l e s t e r i c  l i q u i d  c r y s t a l s  
(CLC)gives a n a t u r a l  p o s s i b i l i t y  f o r  t h e  obse rva t ion  
of  the o p t i c a l  b i s t a b i l i t y  and o p t i c a l  h y s t e r e s i s  (OH) 
by t h e  unresonant way. 

An impor tan t  condi t ion  f o r  achiev ing  o p t i c a l  hys- 
t e r e s i s  i s  t h e  presence of  a feedback,which i s  usual- 

A cav i ty - f r ee  o p t i c a l  h y s t e r e s i s  wi th  an a r t i f i c i a l l y  
d i s t r i b u t e d  feedback i n  a phase-conjugation a r r ange  - 
ment was f irst  observed exper imenta l ly  i n  C d S  ( t h e  

4 l i g h t  power d e n s i t y  was P=100 MW/crn*,with Z =50 n s ) .  
In  p e r i o d i c  s t r u c t u r e s , o n  the  o t h e r  hand,a d i s t r i b u  - 
t ed  feedback can be  arranged by means o f  Bragg d i f f r a -  

In  t h e  p r e s e n t  l e t t e r  we r e p o r t  a new p r i n c i p l e  

1 

ly arranged by means of  c a v i t i e s  or a hybrid c i r c u i ? .  93 

c t i o n  of  l i g h t .  1 9 5  

f o r  ach iev ing  o p t i c a l  h y s t e r e s i s  and o p t i c a l  b i s t a b i -  
l i t y , o n  the  b a s i s  of  the  resonant  absorp t ion  of  l i g h t  
by an impur i ty  i n  a c h o l e s t e r i c  o r  nematochiral  l i q u i d  
crysta1,which has  a n a t u r a l  h e l i c o i d a l  d i s t r i b u t e d  f e -  
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edback.The resonant  abso rp t ion  i n  t h i s  system l e a d s  t o  
an o p t i c a l  h y s t e r e s i s  a t  comparatively low l i g h t  i n t e -  
n s i t i e s  , w i t h .  a s h o r t  response time and a s imultaneous 
p o l a r i z a t i o n  of t he  l i g h t .  

RESULTS AND DISCUSSION - 
According t o  the  theory of r e f . 6 , t h e  equat ion f o r  the 
ld imens ionless in tens i ty  ( 7 ) o f  the  r e f l e c t e d  wave,no- 
rmalized by d i v i d i n g  by the s a t u r a t i o n  i n t e n s i t y  (un- 
d e r  the  cond i t ion  t h a t  the  s a t u r a t i o n  of t he  resonant  
t r a n s i t i o n s  i s  s l i g h t ) ,  i s  

2 where A =  2 r ( A +  r ) ;  B = 1 - ( 0  - r )  g I = p -  
- d  - c o n s t ;  6 i s  the  dimensionless  i n t e n s i t y  of 

t h e  pas s ing  wave; A = 4 ( W  - uB)/w&er is  the  r e l a -  
t i v e  d e v i a t i o n  o f  t he  l a s e r  frequency & o f  t h e  se l ec -  
t i v e  re f lec t ion)”B;bkr i s  t he  amplitude of  t he  h e l i c o i -  
d a l  modulat ion of t he  d i e l e c t r i c  cons t an t ;  r = ( 8 5 / 3 )  
(N&/ &Gp ) , & is  the  r e a l  p a r t  of t he  resonant  sus- 
c e p t i b i l i t y ;  N i s  t h e  popu la t ion  d i f f e r e n c e  o f  the  re- 
sonant  t r a n s i t i o n s  o f  t h e  impuri ty;  and 2 i s  the  th i c -  
kness of  t h e  sample. So lv ing  eq . ( l ) ,we  can f i n d  the  
necessary  cond i t ions  f o r  observ ing  an o p t i c a l  hys t e re -  
s i s , a n d  we can c a l c u l a t e  t h e  behavior  f o r  v a r i o u s  pa- 
rameters .Est imates  of t he  th re sho ld  i n t e n s i t y  f o r  op- 

2 t i c a l  h y s t e r e s i s  y i e l d  v a l u e s  on the  o r d e r  of 1 kW/cm 
( a t  Z=10-3cm) .  This t h re sho ld  i n t e n s i t y  of  t h e  i n c i  - 
dent  l i g h t  i s  requi red  i n  o r d e r  t o  change ( A n )  the  
r e f r a c t i v e  index o f  t he  medium s u f f i c i e n t l y  t o  cause a 
phase s h i f t  A n  ( ~r, /c)Z = X  of  the  l i g h t  wave and a 
d e v i a t i o n  from Bragg r e f l e c t i o n  condi t ions .  
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The impur i ty  i n  the  c h o l e s t e r i c  l i q u i d  c r y s t a l  is 
pumped by an LGI-21 pulsed  n i t r o g e n  l a s e r , w i t h  an ou t -  
p u t  wavelength o f  337.1 nm.After pas s ing  through a X i -  
c o l  p r i s m , t h e  l i n e a r l y  p o l a r i z e d  l i g h t  s t r i k e s  a q u a r t z  
c e l l  ho ld ing  t h e  l i q u i d  c rys t a l .The  c e l l  i s  i n  a tem - 
pera tu re - r egu la t ed  fu rnace  .The temperature  of t h e  me- 
sophase i s  h e l d  c o n s t a n t  (155 C )  w i t h i n  0.01 C,The t h i -  
ckness  o f  t h e  l i q u i d - c r y s t a l  l a y e r  i n  t h e  c e l l  is 1 - 
20/Am0The i n c i d e n t  l i g h t  beam p ropaga te s  a long  t h e  ax- 
i s  of t he  h e l i x  o f  t h e  c h o l e s t e r i c  l i q u i d  c rys ta l .The  
i n t e n s i t y  o f t h e  l i g h t  t r a n s m i t t e d  t h  roughth e l i q u i d  
c r y s t a l  i s  measured w i t h  an FK-2 pho tode tec to r  and an 
Ski-1 4 o s c i l l o s c o p e .  

0 0 

Jo(arb .  units) 

FIGURE 1 
Figure  lashows the  o s c i l l o s c o p e  t r a c e s  o f  t h e  i n  - 

t e n s i t y  d i s t r i b u t i o n  i n  the  p u l s e s  o f  ( 1 )  the  i n c i d e n t  
l i g h t  and ( 2 )  t h a t  t r a n s m i t t e d  through the  impure CLC. 
Fig.lbshows t h e  o p t i c a l  h y s t e r e s i s  found from t h e  ex- 
pe r imen ta l  d a t a  ( 3 )  and p r e d i c t e d  t h e o r e t i c a l l y  ( 4 ) t o o .  
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O p t i c a l  h y s t e r e s i s  has  been implement exper imenta l ly  
on the  example of t h e  impurity-doped c h o l e s t e r o l  ben- 
z o a t e  i n  the  u l t r a v i o l e t  range a t  the  temperature T= 
=160°C.Conditions needed f o r  t he  opt imal  r e a l i z a t i o n  
o f  t he  OH i n  u l t r a v i o l e t  range,were i n v e s t i g a t e d :  i m -  
p u r i t y  concen t r a t ion  i n  the  CLC , c r i t i c a l  f a l l i n g  l i g h t  
i n t e n s i t y , s a m p l e  th ickness , tempera ture  range.The bo- 
unds of  the  d i f f e r e n t  cond i t ions  a l t e r a t i o n  appea r  t o  
be c l o s e l y  connected wi th  a degree of molecular  s p i r i -  
a 1  o rde r ing  i n  mesophase. 

t h e  observed o p t i c a l  b i s t a b i l i t y  and t h e  d i f f r a c t i v e  
suppress ion  o f  o p t i c a l  absorp t ion  i n  a c h o l e s t e r i c  li- 
quid  c rys t a1 ,For  example,a maximum o p t i c a l  h y s t e r e s i s  
i s  found i n  those  i n t e r v a l s  of  t h e  concen t r a t ion ,  t he  
temperature ,and t h e  th i ckness  i n  which the suppress ion  
of  abso rp t ion  i s  a t  a maximum. 

High r a t e  o f  response (lO-’s)and low th reshold  en- 
e r g i e s  ( -  1 0 - 1 1 J ~ m 4  f o r  resonant  o p t i c a l  h y s t e r e s i s  
s t i m u l a t e d  t h e  s e a r c h  o f  new systems f o r  ope ra t ion  i n  
t h e  v i s i b l e  s p e c t r a l  region a t  normal room temperatu- 
r e s .  ‘Nematochiral mix ture  having t h e  s e l e c t i v e  r e f l e c -  
t i o n  band i n  t h e  reg ion  o f  530 nm wi th  an impuri ty  o f  
a number of ketocyanin d e r i v a t i v e s  w i t h  the  weight 
concen t r a t ion  of t h e  impuri ty  equal led  0.1% proved to  
be such a system.The osc i l lograms of t he  l i g h t  i n t e n -  
s i t y  t r ansmi t t ed  through the  l i q u i d  c r y s t a l  show 
t h e  h igh  changes i n  t h e  shape of t h e  i n c i d e n t  l a s e r  
p u l s e . I t  i s  p o s s i b l e  t o  observe change i n  the  pu l se  
shape each 2 seconds and the  disappearance of  changes 
16 seconds 1a te r .The  dependence o f  t he  i n t e n s i t y  o f  
t h e  l i g h t  t r ansmi t t ed  through the  c r y s t a l  on the i n t e n  
s i t y  o f  the i n c i d e n t  l i g h t  i s  of h y s t e r e s i s  cha rac t e r .  

A c l o s e  r e l a t i o n s h i p  has  been e s t a b l i s h e d  be tween 
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8 We s a w  a high c o n t r a s t  i n  t r a s i t i o n .  

i l l umina t ion  of  the  c r y s t a l  by the l a s e r  l i g h t  eviden- 
ce f o r  the inf luence  of the temperature e f f e c t s  on the 
o p t i c a l  hysteresis .A high c o e f f i c i e n t  of the impurity 
absorp t ion  (- 6.103crn-1)causes the hea t ing  of c r y s t a l ,  
t h a t  r e s u l t s  i n  a themnooptic change i n  the r e f r a c t i v e  
index and i n  v a r i a t i o n  of Bragg s e l e c t i v e  r e f l e c t i o n  
condi t ions .  

t o  the  h e l i c a l  o rder ing  of molecules and non l inea r i ty  
o f  the  resonance absorbing c h o l e s t e r i c  l i q u i d  c r y s t a l  
pe rmi t s  r e a l i z i n g  the o p t i c a l  b i s t a b l e  c e l l  with low 
i n e r t i a l  f e a t u r e s  and considerably low e x c i t a t i o n  in-  
t e n s i t y . I t  may be used i n  cons t ruc t ing  the o p t i c a l  com- 
p u t e r .  

Changes i n  osc i l lograms depending on dura t ion  of  

Thus, the presence o f  the d i s t r i b u t e d  feedback due 
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