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ELECTROOPTICAL EFFECTS I N  WE POLYMBR DISPERSED 
NEMATIC LIQUID CRYSTALS: RESPONSE TIMES 

A.V.KOVAL'CHUK, M.V.KURIK, O.D.LAVRE2~TOVIC, 
and V.V.SFRGAN 

I n s t i t u t e  of  Physics, Academy o f  Sciences of t he  
Ukrainian SSR, Kiev-28, pr.Nauki, 46, U.S.S.R. 

Abstract The response t imes for two t e s  of 
polymer dispersed l i q u i d  c r y s t a l s  (PDLCywith 
normally and t angen t i a l ly  anchored drops a re  
s tud ied  experimentally. It is  shown t h a t  the 
normal anchoring provides the  sho r t e r  turn-on 
and turn-off times. 

PDLC f i l m s ,  cons i s t ing  of micron s i z e  l i q u i d  crys- 
t a l l i n e  d rop le t s ,  dispersed i n  a polymer matrix,  have 
r ecen t ly  been reported as new e l e c t r i c a l l y  switched 
l i g h t  s h u t t e r s  .I Elec t roop t i ca l  response s t rongly  
depends on t h e  boundary condi t ions,  via. ,  anchoring 
of t h e  d i r e c t o r  on the  polymer surface and the  shape 
o f  t h e  drops. For example, i t  w a s  p red ic ted  quali-  
ta t ively, ; (  *', t h a t  normally anchored drops might 
provide s h o r t e r  response times than t angen t i a l ly  an- 
chored ones. We repor t  t h e  response times f o r  two 
corresponding types  of PDLC f i l m s ,  with t angen t i a l  
boundary condi t ions ( T - f i l m s )  and normal ones (€?-films), 
I n  ! & f i l m s  l i q u i d  c r y s t a l l i n e  drops (ZhK-807) were 
dispersed i n  polyvinyl alcohol. I n  order  t o  prepare 
N - f i l m s  w i t h  s i m i l a r  parameters, a s m a l l  amount (0.01- 
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0.1 p.c. of weight) of l e c i t h i n  was added a t  the  f i n a l  
s t age  o f  T-f i lm formation. A s  a r e s u l t ,  f i l m  thick- 
ness ,  concentrat ion and average rad ius  of the  drops 
( R  z 2 ~ m )  were the  same i n  both f i l m s .  T- and N-films 
d i f f e r e d  only i n  the drop s t ruc tu res :  t he  former 
possesses b i p o l a r  s t r u c t u r e s  and the  l a t t e r  possesses 
r a d i a l  ones. 

E'ig.1 shows the  responses of films t o  an applied 
rectangular  AC ('IOkHz) pulse  for l i g h t  of He-Ne l a s e r ,  
normally inc iden t  on the  film. P i - f i l m  possesses s h o r t e r  
turn-on ( ton)  and turn-off ( t o f f )  times than T-f i lm:  

20 m s .  It i s  ton =2 m s ,  tOn=8 m s ,  tOfr=5 ms, toff= 
convenient t o  d i scuss  these  i n e q u a l i t i e s  f o r  toff only, 
because ton i s  determined mainly by t h e  f i e l d .  

T-f i l m  
Due t o  the  b ipo la r  s t r u c t u r e  of d rops ,  t he  dominant 
f a c t o r  i n  the  e l e c t r o o p t i c a l  response o f  T - f i l m s  i s  a 
shape of these  drops. 2-6 For  spher ica l  bipoltxr drops 
no r e s to r ing  e l a s t i c  torque e x i s t s  and t;Srf- . 150- 

wever, nonspherical  drops possess such torque due t o  
t he  difference i n  the  e l a s t i c  energy F f o r  d i f f e r e n t  
o r i en ta t ions  o f  t he  s t ruc tu re .  296  Relaxation time i s  
determined by balance of t he  e l a s t i c  and viscous 
torque. As it w a s  shown by a.-G,Wu e t  al., 

T N 

3 

where g i s  o r i en ta t iona l  v i scos i ty ,  K is e f f e c t i v e  
e l a s t i c  constant ,  LaJb  is the  aspect  r a t i o  of the  
d rop le t ,  a and b a re  the  lengths  of t h e  minor a d  major 

Shor te r  times may be achie- T one obtains  tOff=22 m s .  
ved w i t h  l a r g e r  1. Rowever, increasing of 1 leads  t o  

axes .  For i=7-10 -2 P,  K=lO-llW, R=2*10'6prn and L1.5 D
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increas ing  of the  threshold  Tield. 'a6 m e  *!passive" 
charac te r  of the  r e s t o r i n g  torque i s  a def ic iency of 
T - f i l m s .  I n  N - f i l m s  t h i s  torque i s  ac t ive  due t o  ancho- 
r i n g  forces ,  

N - f i l m  
iThe t r a n s i t i o n  between on- and o f f - s t a t e s  may be consi- 
dered as a cont rac t ion  of the  f l a t  d i s c l i n a t i o n  ring294 
w i t h  va r i ab le  radius r i n  the  equa to r i a l  plane of t he  
spher ica l  drop, A s  a r e s u l t  of  t he  cont rac t ion  i n  off-  
s t a t e  we g e t  a r a d i a l  hedgehog. m e  l a t t e r  i s  s t a b l e  
due t o  t he  surface anchoring. Equation f o r  torques may 
be wr i t t en  as 

where Bearcsin (r/R), F=85 K ( H - r ) + 2 5 K r u ,  
u=5ia(l+ln(WR/2K))/2, OG i s  a geometrical parameter, 
W is anchoring energy. Here we assume t h a t  the d i r e c t o r  
d i s t r i b u t i o n  i s  uniform i n s i d e  the  sphere with r ad ius  r 
and radial outs ide  t h i s  sphere. One est imates  from ( 2 )  
the time constant  f o r  t he  r e l axa t ion  t i m e  

2 

t0ff" 2 (f R2/3K(u-4) .  ( 3 )  
2 F o r  a =3 ( see  Hef. 2 ) ,  W=2*10-5 J/m , and e a r l i e r  

values f o r  K ,  
s h o r t e r  toff m a y  be achieved i n  8 - f i l m s  w i t h  s t ronger  
anchoring, r a t h e r  t;han w i t h  deformations of  t he  drops,  

As a r u l e ,  e l ec t roop t i c  response of  PDLC contains  
two components: f a s t ,  t h a t  w a s  discussed above, and 
slow. Slow component manifestes i n  a h y s t e r e s i s  o f  t h e  
transmittance vs voltage curves, Fig. 2. M - f i l m  
possesses smaller  h y s t e r e s i s  than T=f i l m .  Analysis of 

IV , H model y i e l d s  tOff= 5 m s .  The 
14 

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

0:
32

 1
9 

Fe
br

ua
ry

 2
01

3 



22011 10001 A.V.KOVAL7CHUK et al. 

a 

PIGUIIE 1 Light trwsmittance of T (a) and N (b) 
films during (1) and after (2) an applied I O O V  

driving AC pulse. Right side: corresponding types 
of structural transformations in d r o p s .  

T.% 

FIGURE 2 Transmittance vs voltage curves f o r  
T (a) and N (b) films. 0 increasing voltage, 
decreasing voltage. 
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t h i s  e f f e c t  i s  possible  within the  scope of above 
mentioned models. 

Real shape of t h e  drops may be more complicated 
i n  comparison with the  simply elongated o r  f l a t t e n e d  
drops and corresponds t o  a few minima of e l a s t i c  energy 
r a t h e r  than  one. I n  T - f i l m s  when the  f i e l d  i s  removed 
relaxation of %he s t r u c t u r e  axis may be hindered by 
l o c a l  “ t r a p s ”  of  t he  drop shape. In  N - f i l m s  t he  r e l a -  
xa t ion  i s  caused by ac t ive  anchoring force  and h i s t e r e -  
sis is  smaller.  Remaining hys t e re s i s  may be caused by 
surface pinning o f  d i s c l i n a t i o n  r ings.  

<The authors  wish t o  thank B.I.Lev and V.1vi.Perga- 
mentshchik f o r  he lp fu l  discussions.  
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