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FIELD INDUCED TWIST PROFILES I N  VOLTAGE CONTROLLED 
CIRCULAR DICHROISM L I Q U I D  CRYSTAL CELLS 

I A SHANKS and R J A TOUGH 
Royal S igna l s  and Radar Establ ishment ,  Malvern, Worcs. 

and 

I FEDAK 
Department of E l e c t r i c a l  Engineer ing,  Glasgow College 
of Technology, Cowcaddens Road, Glasgow. 

(Submitted f o r  pub l i ca t ion  14 August 1980) 

INTRODUCTION 

The v i v i d  r e f l e c t i o n  co lours  r e s u l t i n g  from the  
c i r c u l a r  dichroism exh ib i t ed  by s h o r t  p i t c h  choles  t e r i c  
l i q u i d  crystals are w e l l  known(l) ,  as are the thermally(*)  
and impur i ty(3)  induced s h i f t s  i n  t h e  peak wavelength Am of 
t he  r e f l e c t i o n  spectrum. Electrochromic e f f e c t s  i n  which 
an e l e c t r i c  f i e l d  induces a b lue  s h i f t  i n  Am f o r  c h o l e s t e r i c s  
showing a p o s i t i v e  d i e l e c t r i c  an iso t ropy  have a l s o  been 
repor ted  and exp lo i t ed  i n  vo l t age  c o n t r o l l e d  i c u l a r  

no te  experimental  r e s u l t s  demonstrat ing the  low vo l t age  
ope ra t ion  of such a device  are presented  and a mechanism 
f o r  t he  p i t c h  con t r ac t ion  implied by t h i s  b lue  s h i f t  i s  
proposed and con t r a s t ed  wi th  the  d i s t o r t i o n  of t h e  t w i s t  
p r o f i l e  i n  a tw i s t ed  nematic ce l l .  

dichroism (VCCD) devices  pa ten ted  by Fergason 745  . I n  t h i s  

EXPERIMENTAL RESULTS 

The s p e c t r a l  absorbance of a 1 2  um l a y e r  of  38.5% 
CB15* i n  E8* sub jec t ed  t o  s e v e r a l  d i f f e r e n t  vo l t ages  i s  
shown i n  F igure  1. These r e s u l t s  were obta ined  us ing  a 
Pye Unicam SP800 spectrophotometer  i n  conjunct ion  wi th  a 
r i g h t  hand c i r c u l a r  p o l a r i s e r  i nco rpora t ing  HN32 'Polaro id '  
s h e e t  and a 140 nm 'Polaro id '  r e t a r d a t i o n  ( i  wave) p l a t e .  

* 
Materials suppl ied  by BDH Ltd ,  Poole.  
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64 I. A. SHANKS, R. 3. A. TOUGH, and I. FEDAK 
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FIGURE 1 Spectral  absorbance of 12  p planar cholester ic  
c e l l  (RH c i r c u l a r  Polaroid i n  place) a t  d i f f e r e n t  applied 
voltages: (1) zero f i e l d ,  (2) 15 v o l t s ,  (3)  30 v o l t s .  

The cho le s t e r i c  l iquid c r y s t a l  was aligned by unidirect ional  
rubbing on a t h i n  layer  of polyvinyl alcohol on I T 0  glass  
and showed no discernible  thermochromic e f f e c t s .  The s h i f t  
i n  A, is  qu i t e  marked (the corresponding colour change is .  
r ead i ly  detected by eye) and, through the use of modern 
high pos i t i ve  d i e l e c t r i c  anisotropy mater ia ls  (5), i s  obtained 
a t  r e l a t i v e l y  low voltages. 
and data a re  contained i n  h companion publication of 

Further experimental d e t a i l s  

Fedak, Pringle and Cur t i s s  167 . 
THEORY 

To discuss the deformation of the t w i s t  p r o f i l e  of n 
turns of cho les t e r i c  across the c e l l  we r e c a l l  t h a t  the 
r a t e  of change of t w i s t  angle 4 with dis tance z across the 
c e l l ,  where as  a r e s u l t  of the appl icat ion of an e l e c t r i c  
f i e l d  the d i r ec to r  makes an angle 6 with the plane of the 
c e l l ,  is  given by(7) 
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VCCD LIQUID CRYSTAL CELLS 65 
.-. 

1 49 p + cosL 0 

cos2 e ( 1  + a2 s i n 2  e )  
-- = 

dz 

where T i s  t h e  r a t e  of change of t w i s t  i n  t he  undis tor ted  
choles t e r ic ,  

k22 and k33 being l i q u i d  c r y s t a l  t w i s t  and bend e las t ic  
cons tan ts  respec t ive ly ,and  p i s  a cons tan t  related t o  K,  
t he  torque pe r  u n i t  a c t i n g  on the  body of t h e  l i q u i d  c rys ta l ,  
through 

K 
P = -  

k22 

On making a small 0 expansion we f i n d  t h a t  

= 1 + p + ((1 - a 2 ) p  - a2)e2 + o(e 4 . 
T dz 

Thus t h e r e  w i l l  be  a p i l e  up of t w i s t  a t  t h e  edge of t h e  
cel l  ( ie d$/dz > T) i f  p > 0. As t w i s t  i s  conserved across  
the  ce l l  ( the  c h o l e s t e r i c  d i r e c t o r  is  assumed t o  be f i rmly  
anchored by the  su r face  t reatment)  t h e r e  i s  a t  l e a s t  one 
value of t3 f o r  which d$/dz = T .  

From (1) we see t h a t  
t3 s a t i s f i e s  t he  equat ion 

2 L- = cos2 0 s i n  0 
a 2 

and so 

O < L < l  2 9 ’  a 

t h i s  implies  t h a t  such a value of 

implying t h a t  p has t h e  same s i g n  as a2. 
t he re  w i l l  be a b u i l d  up of t w i s t  a t  t he  edge of t he  ce l l  if 
k33 > k22. 
of a c h o l e s t e r i c  no t  anchored a t  t h e  sur faces  ( i e  p = 0 i n  
(1))  which unwinds i n  an appl ied  f i e l d  i f  k33 > k22. 

Consequently 

This  r e s u l t  i s  i n  accord with Leslie’s analysis(’) 

I n  
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our firmly anchored s i t u a t i o n  we would expect the cho le s t e r i c  
a t  the centre  of the c e l l  to unwind i n  an applied f i e l d ,  
giving r i s e  t o  a bui ld  up of t w i s t  a t  the c e l l  edges and 
inducing a pos i t i ve  torque act ing on the  body of the 
choles t e r i c .  

I. A. SHANKS, R. J. A. TOUGH, and I. FEDAK 

The d i s t o r t i o n  of the t w i s t  p r o f i l e  i n  a conventional 
twisted nematic c e l l  by an e l e c t r i c  
mined numerically by several  authorsT8 9 9 l07. A formal 
treatment similar t o  tha t  used by Lesl ie  and others (11, 12913) 
t o  analyse the coupling of t w i s t  and tilt  i n  a nematic i n  the 
absence of an e l e c t r i c  f i e l d  shows tha t  f i e l d  induced t w i s t  
p i l e  up a t  the edge of the c e l l  can only occur i f  k33 > 2k22. 
Should em, t he  maximum tilt angle i n  the d i s t o r t e d  l aye r ,  
exceed 

i e l d  h s been deter-  

O e  = s i n  -1 [(k33 - 2k22)/2(k33 - k22)]1/2 

then there  i s  a l s o  a p i l e  up of t w i s t  a t  the centre  of the 
c e l l .  These r e s u l t s  r e f e r  t o  d i s t o r t i o n  of a twist p r o f i l e  
imposed on the l i qu id  c r y s t a l  by surface e f f e c t s  while the 
foregoing analysis  of the cho le s t e r i c  describes the 
d i s t o r t i o n  of i t s  na tu ra l  t w i s t .  Viewed i n  t h i s  l i g h t  the 
difference between the conditions f o r  surface p i l e  up i n  
the two cases is  not surprising. 

DISCUSSION 

The non-uniform t w i s t  p r o f i l e s  described above contain 
regions i n  which the p i t ch  i s  less than i t s  undistorted 
value. The o p t i c a l  behaviour of such s t ruc tu res  has been 
analysed by Hajdo and Eringen(14) and we believe t h a t  the 
s e l e c t i v e  r e f l e c t i o n  band must both broaden and extend 
towards the blue since sho r t e r  wavelength l i g h t  w i l l  be 
s e l e c t i v e l y  r e f l ec t ed  by some range of depths within the 
layer.  
nematic,the t w i s t  w i l l  accumulate i n  the centre of t he  
c e l l  a t  high enough applied f i e l d s ;  the e f f ec t ive  bi-  
refringence is  a t  a minimum i n  t h i s  region and could lead 
t o  a decrease i n  the half  width of the ref lectance and 
absorbance spectra .  Although our theory i s  developed f o r  
a perfect  planar layer  with no disclinations,we believe tha t  
i t  holds loca l ly  even i n  t h e i r  presence and provides a 
plausible  mechanism f o r  the VCCD e f f e c t .  
energy of such d i s to r t ed  s t ruc tu res  w i l l  be high and a 
discontinuous t r a n s i t i o n  t o  a d i s to r t ed  foca l  conic texture  

It i s  expected t h a t  i n  a l l  cases,as i n  the  twisted 

The t o t a l  f r e e  
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VCCD LIQUID CRYSTAL CELLS 67 

via a n u c l e a t i o n  p r o c e s s  o c c u r s  i f  t h e  f ree  energy of t h e  f o c a l  
c o n i c  t e x t u r e  i s  J.ess than  t h a t  of t h e  d i s t o r t e d  p l a n a r  
t e x t u r e .  
f i e l d  i s  removed and may be cons idered  i r r e v e r s i b l e  i n  
p r a c t i c a l  terms.  Thus t h e  t r a n s i t i o n  t o  t h e  f o c a l  c o n i c  
t e x t u r e  i n  t h e  presence  of h i g h  f i e l d s  may d e f i n e  t h e  l i m i t s  
of t h e  u s a b l e  e l e c t r o c h r o m i c  c o l o u r  s h i f t .  

T h i s  t r a n s i t i o n  w i l l  reverse o n l y  s lowly if t h e  
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