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ELECTRIC FIELD HYSTERESIS EFFECTS I N  THE 
TIiANSMISSION PIiOPERTPES OF L I Q U I D  CRYSTALS 

By Louis Melamed and David Rubin 
E l e c t r o n i c s  Research Center  

SUMMARY 

C e r t a i n  room-temperature 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  a r e  
capable  of  r e t a i n i n g  in format ion  on t h e i r  p a s t  h i s t o r y  of e l e c t r i c  
f i e l d  e x c i t a t i o n  by e x h i b i t i n g  marked changes i n  t h e i r  o p t i c a l  
t r ansmis s ion  p r o p e r t i e s .  The in format ion  r e t e n t i o n  slowly decays ,  
b u t ,  i n  many c a s e s ,  p e r s i s t s  f o r  a t  l e a s t  s e v e r a l  days fol lowing 
t h e  removal of  e x c i t a t i o n .  Thus, PO0 v o l t s  a p p l i e d  a c r o s s  a  2 5 ~  
sample f o r  1 0  minutes caused a  change i n  t r ansmis s ion  a t  5000fl 
from 75 pe rcen t  t o  about  22 pe rcen t .  S i x t y  hours  l a t e r ,  t h e  
t r ansmis s ion  was about 4 8  pe rcen t .  

INTRODUCTION 

C e r t a i n  c h o l e s t e r o l  compounds possess  a  l i q u i d  c r y s t a l ,  o r  
mesomorphic phase i n  which such o p t i c a l  p r o p e r t i e s  a s  r e f l e c t i o n ,  
t r ansmis s ion ,  and o p t i c a l  r o t a t i o n  can be a f f e c t e d  by e l e c t r i c  
f i e l d s  ( r e f s .  l , 2 , 3 ) .  H y s t e r e s i s  i n  t h e s e  e f f e c t s  has  been noted 
i n  s t u d i e s  o f  o p t i c a l  r e f l e c t i o n  ( r e f s .  1 . 2 ) .  Using m a t e r i a l s  
s i m i l a r  t o  t h e  ones t o  be d i scussed  h e r e ,  Harper ( r e f .  1) repor t - .  
ed  t h a t  t h e  r e f l e c t i v i t y  o f  h i s  samples d i d  n o t  r e t u r n  completely 
t o  t h e i r  i n i t i a l  s t a t e  a f t e r  e l e c t r i c  f i e l d s  were removed. 
Muller  ( r e f .  2 )  us ing c h o l e s t e r y l  nonanoate n o t i c e d  a  r e t e n t i o n  
of  t h e  "acqui red  b r i g h t n e s s "  of  h i s  samples a f t e r  t h e  removal of 
an e l e c t r i c  f i e l d .  

Hei lmeier  and Goldmacher ( r e f .  4 )  have r epo r t ed  t h a t  o p t i c a l  
s t o r a g e  c a p a b i l i t i e s  can be  added t o  t h e  normal dynamic s c a t t e r -  
i n g  observed i n  anisyl idene-p-aminophenylaceta te ,  a  nematic 
l i q u i d  c r y s t a l ,  by t h e  a d d i t i o n  of  t e n  p e r c e n t  o f  c h o l e s t e r y l  
nonanoate. This  mixture  r e t a i n s  t h e  o p t i c a l  p r o p e r t i e s  of  a  
nematic l i q u i d  c r y s t a l .  

This  n o t e  d i s c u s s e s  h y s t e r e s i s  observed i n  t h e  o p t i c a l  
t r ansmis s ion  of  c h o l e s t e r i c  m a t e r i a l s  sub jec t ed  t o  e l e c t r i c  
f i e l d s .  The magnitude and d u r a t i o n  o f  t h e  f i e l d s  were v a r i e d  
and t h e  h y s t e r e s i s  e f f e c t s  were recorded f o r  pe r iods  up t o  60 
hours .  



TECHNIC= APPROACH 

The m a t e r i a l  examined was a  mixture  of  t h r e e  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 ;  34,O p e r c e n t  c h o l e s t e r y l  c h l o r i d e ,  2 6 . 4  pe rcen t  
c h o l e s t e r y l  nonanoate, and 39,6 pe rcen t  c h o l e s t e r y l  o l e y l  c a r -  
bonate. This  mixture  w a s  chosen because of  i t s  room-temperature 
c h o l e s t e r i c  s t a t e  and because of  i t s  r e l a t i v e  temperature  i n s e n s i -  
t i v i t y .  Mixtures o f  t h e s e  t h r e e  m a t e r i a l s  were o r i g i n a l l y  sug- 
g e s t e d  t o  us by J .  Fergason a s  being r e l a t i v e l y  temperature-  
i n s e n s i t i v e .  Measurements i n  o u r  l a b o r a t o r y  i n d i c a t e  a  tempera- 
t u r e  s e n s i t i v i t y  o f  5 0 & / 0 ~ .  

The m a t e r i a l  was examined a s  a  1 - m i l  t h i c k  sample between 
s e a l e d  q u a r t z  p l a t e s .  Tef lon  t a p e  provided t h e  spac ing ,  and t h e  
assemblage was then  s e a l e d  w i t h  a high-melt ing temperature  wax. 
The i n s i d e  s u r f a c e s  o f  t h e  c e l l  had been coa ted  wi th  a  t r a n s p a r -  
e n t  l a y e r  o f  t i n  ox ide  t o  which e l e c t r o d e s  were a t t a c h e d ,  t he reby  
a l lowing  e l e c t r i c  f i e l d s  t o  be app l i ed  a long t h e  d i r e c t i o n  of  
l i g h t  propagat ion.  

The t r ansmis s ion  p r o p e r t i e s  of t h e  c e l l  b e f o r e ,  du r ing ,  and 
a f t e r  e l e c t r i c  f i e l d  e x c i t a t i o n  were recorded us ing  a  Coleman 
Model EPS-3T Hi t ach i  r a t i o  record ing  spectrophotometer .  The 
sample temperature  was mainta ined a t  30°C + .5OC. No apparen t  
d e t e r i o r a t i o n  i n  t h e  m a t e r i a l  was observed dur ing  s e v e r a l  t e n s  
o f  on-off f i e l d  c y c l i n g s .  

A t  t h e  beginning o f  each run t h e  "memory" of  t h e  prev ious  
s t a t e  w a s  "e rased"  by h e a t i n g  t h e  sample t o  i so t rop i sm and then 
t h e  mixture  was al lowed t o  coo l  back t o  t h e  c h o l e s t e r i c  s t a t e .  

MEASURED DATA AND T H E I R  INTERPRETATION 

Curve I of  F igure  1 p l o t s  t r ansmis s ion  vs  wavelength f o r  
t h e  i n i t i a l  state.  Curve 11 r e s u l t s  from applying 100 v o l t s  
( 4 0 , 0 0 0  V/cm) t o  t h e  sample. When t h e  f i e l d  i s  removed, curve 
I11 r e s u l t s  which i s  in t e rmed ia t e  i n  t r ansmis s ion  p r o p e r t i e s  
between t h e  i n i t i a l  s t a t e  and t h e  e x c i t e d  s t a t e .  Curve 111, 
however, i s  q u a s i - s t a b l e  and slowly d r i f t s  upwards i n  t h e  d i r -  
e c t i o n  of  t h e  i n i t i a l  s t a t e .  This  d r i f t  amounts t o  only  s e v e r a l  
pe rcen t  t ransmiss ion  change a f t e r  s e v e r a l  hours ;  a f t e r  a  pe r iod  
o f  60 hours ,  however, curve 111 has recovered t o  about  midway i n  
t r ansmis s ion  between s t a t e  111 and s t a t e  I. Heating t h e  sample 
t o  t h e  i s o t r o p i c  phase and re-cool ing r e - e s t a b l i s h e s  s t a t e  I .  

Although n o t  e v i d e n t  from Figure  I ,  sma l l e r  e l e c t r i c  f i e l d s  
caused both a  s h i f t  ( t o  s h o r t e r  wavelengths) and a  broadening of  
t h e  t r ansmis s ion  minimum. However, a t  100 v o l t s  t h e  combination 
o f  t h e s e  two phenomena e f f e c t i v e l y  masked t h e  t r ansmis s ion  



minimum d e s p i t e  t h e  f a c t  t h a t  t h e  m a t e r i a l ,  i n  a  s e p a r a t e  ob- 
s e r v a t i o n ,  s t i l l  d i sp l ayed  a  r e f l e c t i o n  peak a t  l 0 0  v o l t s  exc i -  
t a t i o n .  Thus, t h e  r e f l e c t i o n  p r o p e r t i e s  of  t h i s  m a t e r i a l  a r e  
be l i eved  t o  be s i m i l a r  t o  t hose  of  c h o l e s t e r i c  m a t e r i a l s  of t h e  
t ype  r epo r t ed  by Harper ( r e f .  1) and o t h e r s .  

A more d e t a i l e d  examination of  t h e  i n f l u e n c e  of f i e l d  
s t r e n g t h  and f i e l d  d u r a t i o n  on t r ansmis s ion  a t  5000g i s  p l o t t e d  
i n  F igure  2 and r e v e a l s  s e v e r a l  new f e a t u r e s .  L i t t l e  h y s t e r e s i s  
i s  observed i n  t h e  25-vol t  ca se .  The response t ime t o  an e l e c -  
t r i c  f i e l d  i s  i n v e r s e l y  r e l a t e d  t o  t h e  vo l t age .  Thus, t h e  "3 d B "  
response t i m e  i s  about  1 0 0  seconds a t  2 5  v o l t s ,  45 seconds a t  
50 v o l t s ,  and about 1 4  seconds a t  1 0 0  v o l t s .  I t  i s  apparen t  
from Figure  2 t h a t  even a f t e r  1 0  minutes of s t eady  f i e l d  a p p l i -  
c a t i o n ,  t h e  t r ansmis s ion  o f  t h e  m a t e r i a l  i s  s t i l l  changing. I n  
each c a s e ,  upon removing t h e  app l i ed  v o l t a g e ,  t h e  t r ansmis s ion  
of t h e  m a t e r i a l  s lowly s t a r t s  t o  recover  back t o  t h e  i n i t i a l  
unexc i ted  s t a t e .  For  a  10-minute on-time, t h e  recovery r a t e  i s  
very long a t  l e a s t  f o r  t h e  100-vol t  ca se .  I n  t h e  l a t t e r  c a s e ,  
obse rva t ions  made on samples e x c i t e d  f o r  1 0  minutes and then  l e f t  
undis turbed  revea led  t h a t  a f t e r  1 6  hours ,  t h e  t r ansmis s ion  had 
inc reased  t o  about  45 p e r c e n t  and 6 0  hours  l a t e r  it had inc reased  
t o  about  5 2  pe rcen t  o r  roughly half-way between t h e  e x c i t e d  and 
unexci ted s t a t e s .  I n  each case ,  h e a t i n g  t h e  m a t e r i a l  t o  i s o -  
t rop ism and re -cool ing  t o  room temperature  r e - e s t a b l i s h e d  t h e  75 
pe rcen t  t r ansmis s ion  f o r  t h e  unexc i ted  s t a t e .  A s  a t t empt  was 
made t o  i n v e s t i g a t e  t h e  e f f e c t  of  s h o r t e r  f i e ld -on  t imes on t h e  
s t o r a g e  t ime c a p a b i l i t y  of  t h i s  m a t e r i a l .  For 1 0 0  v o l t s  a p p l i e d  
f o r  5  seconds,  it only  took 1 3  seconds f o r  t h e  t r ansmis s ion  t o  
recover  t o  t h e  3  dB l e v e l ;  f o r  30 seconds on,  it took 7  minutes ,  
and f o r  90 seconds on,  it took 2 8  minutes. N o  a t t empt  w a s  made 
t o  observe t h e  decay t i m e s  f o r  on-times g r e a t e r  t han  1 0  minutes.  
One cu r ious  f e a t u r e  of  t h e  100-vol t  curve i n  F igure  2 remains 
unexplained.  I t  i s  n o t  c l e a r  why, a f t e r  about  3 minutes o f  an 
a p p l i e d  v o l t a g e ,  t h e  t r ansmis s ion  s t a r t s  r i s i n g  aga in .  Evident ly  
t h e r e  e x i s t  unknown long-range dynamic e f f e c t s  i n  t h e  i n t e r n a l  
s t r u c t u r e  of t h e s e  m a t e r i a l s .  This  minimum t r ansmis s ion  a t  about 
a  3-minute i n t e r v a l  has  been observed r epea t ed ly .  

The p o s s i b i l i t y  was e l imina t ed  t h a t  t h e  slow decay r a t e  of 
t h e  t r ansmis s ion  fo l lowing  f i e l d  removal was r e l a t e d  t o  capac i -  
t i v e  f i e l d  e f f e c t s  i n  t h e  s t r u c t u r e .  Shor t ing  o u t  t h e  two con- 
d u c t i v e  s u r f a c e s  enc los ing  t h e  c h o l e s t e r i c  m a t e r i a l ,  d i d  n o t  
i n £  luence t h e  o p t i c a l  behavior .  



Figu re  1.- H y s t e r e s i s  e f f e c t s  i n  t h e  t r a n s m i s s i o n  o f  l i q u i d  
c r y s t a l s  s u b j e c t e d  t o  a  40,000-V/cm f i e l d  
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Figu re  2 . -  H y s t e r e s i s  e f f e c t s  i n  t h e  t r a n s m i s s i o n  a t  5000g 
obse rved  f o r  s e v e r a l  v a l u e s  o f  f i e l d  e x c i t a t i o n  



CONCLUSION 

An e l e c t r i c  f i e l d  h y s t e r e s i s  e f f e c t  i n  t h e  t r a n s m i s s i o n  
p r o p e r t i e s  o f  a  m ix tu r e  o f  t h r e e  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  h a s  
been demonst ra ted .  The e f f e c t  i s  a f u n c t i o n  o f  t h e  magnitude 
and d u r a t i o n  o f  an a p p l i e d  f i e l d ,  The h y s t e r e s i s  s l owly  decays ,  
b u t ,  i n  many c a s e s ,  p e r s i s t s  f o r  a t  l e a s t  s e v e r a l  days  fo l l owing  
t h e  removal o f  e x c i t a t i o n ,  
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