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ELECTROOPTICS OF A T H I N  FERROELECTRIC 
SI’JECTIC C* L I Q U I D  CRYSTAL LAXER 

I’J.I.BARNIK, V.A.BAIXALOV, V.G.CHIGRINOV, 
E.P.POZHIDAEV 
Organic Intermediates & Dyes I n s t i t u t e ,  
m S C O W ,  103787, USSR 

Abstract The form o f  f e r r o e l e c t r i c  smectic 
C* e l ec t roop t i ca l  response vs the layer  t h i -  
ckness and the angle J3 between the polar i -  
zer 2nd analyser i s  investigated.  The c r i t e -  
r ion  o f  the smectic C%witching r a t e  i s  pro- 
pozed and the method f o r  the ro t a t iona l  vis- 
cos i ty  measurements i s  developed. 

INTRODUC TIOW 
The great  i n t e r e s t  i s  concentrating i n  studyng 
the e lec t roopt ic  e f f e c t  i n  t h i n  homogeneously 
oriented smectic C layers ,  having small thick- 

1 -  nesses L -  1 - 5p 
c t i c  C h e l i x  p i tch  Po > L and i s  unwouxd due to  
influence o f  boundary conditions. This smectic C 
d i rec tor  alignment, defined in” as  Xurfase Sta- 
b i l ized  Ferroele c t  ric Liquid Cryst a1 SSru.c tu re  
(SSFLCS), i s  characterized by several  thermodyna- 
mically s tablo and op t i ca l ly  distinguished s t a t e s  
with the electrica.1 f i e l d  switching between 
them” - 12. 

l i qu id  c r y s t a l  (LC) ( the speed o f  e lec t roopt ica l  

* 
9. I n  t h i s  case the sme- * 

* 

Though the switching r a t e  o f  f e r r o e l e c t r i c  

response) has been invest igated i n  expeyimen- 
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102 M. 1. BARNIK cr a[. 

a 
ta13-5 9 8  and t h e o r e t i c a l ’ ’  l 2  works, there s t i l l  
does n o t  exis t  the d e t a i l e d  s t u d y  of t h i s  respon- 
se i n  dynamics v s  smec t i c  C p h y s i c a l  parameters  
and the l a y e r  thickness. Consequent ly ,  t h e  accu- 
ra te  c r i t e r i a  for measuring the smec t i c  C e l e c t -  
r o o p t i c a l  response  speed are a l s o  absen t .  To f i l l  
t h i s  gap i s  the a i m  o f  o u r  paper .  We also propose 
the method f o r  d e t e r m i n a t i o n  of  the r o t a t i o n a l  
v i s c o s i t y  & with r e s p e c t  t o  r o t a t i o n s  aro- 
und smec t i c  C l a y e r  normal. 

* 

* 

* 

Consider  a homogeneously o r i e n t e d  l a y e r  o f a  
smec t i c  C l i q u i d  c r y s t a l  i n  l i n e a r  e l e c t r o o p t i c  
e f f ec t  (P ig ,  1 ) .  When t h e  e l e c t r i c  f i e l d  E than- 
ges i t s  sign the p o l a r i s a t i o n  Ps o f  smec t i c  C 
i s  a l s o  r e v e r s e d  and the d i r e c t o r  r o t a t e s  around 
the l a y e r  normal ( Z  - axis) t o  i t s  new s ta te  
(F ig ,  1 ) .  While i n  the i n i t i a l  s t a t e  the smectic 
C d i r e c t o r  c o i n c i d e s  with the p o l a r i s e r  
(n(-E) // P ) ,  in  the f ina l  s t a t e  the d i r e c t o r  

s ( + E ) f o r m s  the angle 38, with the p lane  of t h e  
p o l a r i s e r .  The a n a l y s e r  A ,  p l a c e d  a t  t h e  ang le  
J w i t h  the p o l a r i s e r ,  p r o v i d e s  t h e  v a r i a t i o n  of  
the ou tpu t  smec t i c  C e l e c t r o o p t i c  t r a n s m i s s i o n  
r e  sp  onse . 
Pikin’  ’, the d i r e c t o r  r o t a t i o n  around t h e  smec- 
t i c  C l ayer  normal Z ( p a r a l l e l  t o  t h e  s u b s t r a -  
t e s )  (F ig .1)  may be d e s c r i b e d  as f o l l o w s :  

* 

* 

* 

* 

According t o  phenomenological theory o f  S . A .  

* 
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ELECTROOPTICS OF A THIN FERROELECTRlC 103 

* 
where Y i s  t h e  r o t a t i o n  a n g l e ,  8, - smec t i c  c 
d i r e c t o r  t i l t  i n  t h e  l a y e r ,  

h 

4 , r9 - e l a s t i c  
and  v i s c o s i t y  c o n s t a n t s  with r e s p e c t  
t h a l  de fo rma t ions ,  t - time. 

\ 0 

t o  azimu.- 

/' 

c 
Y 

Fig.1.  A t  t h e  top:  t h e  l o c a t i o n  o f  the pola-  
r i z e r  ( P I ,  analyser ( A )  and C* d i r e c t o r  angle 
i n  t h e  i n i t i a l  n(-E) and f ina l  n(+E) s t a t e s .  
Bottom: The i n t e r m e d i a t e  p o s i t i o n  o f  the d i -  
r e c t o r  du r ing  i t s .  r o t a t i o n  e,rou.nd t h e  smec t i c  
C*  layer normal,  

The e q u a t i o n  ( 1 )  i g n o r e s  the v a r i a t i o n s  o f  the 
smec t i c  C layer t i l t  angle under  t h e  i n f l u e n c e  

* 
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104 M. 1. BARh'IK ef al. 

of the e l e c t r i c  f i e l d  E ,  which i s  cor rec t ,  i f  
the working temperature i s  not t o o  close t o  the 
smectic c 
qua l i t a t ive  theo re t i ca l  descr ip t ion  also does r ,ot  
tnke i n t o  account the boundai-y conditions and the 
e l a s t i c  term -TO, Er i n  equation ( I  I. Accor- 
ding t o  - t h i s  is reasonable i n  case of suf- 
f i c i e n t l y  large switching f i e l d s .  Thus, neglec- 
t i n g  the first term i n  (1)  we have: 

* - smectic A t r a n s i t i o n  point'?. Our 

2 aly 

The value o f  2, i n  ( 2 )  may be taken a s  a * 
c r i t e r i o n  f o r  the evaluation of smectic C swit- 
ching r a t e  i n  l i n e a r  e l ec t roop t i ca l  e f f ec t .  

d i r ec to r  angle and the constant A i n  ( 2 )  has no 
c l e a r  physical  o r ig in '?  i t s  v'alue may be chosen 
f r o m  the bes t  matching o f  t heo re t i ca l  and experi- 
mental c h a r a c t e r i s t i c s  o f  smectic C e lec t roopt ic  

response. - 
The va r i a t ion  o f  the o p t i c a l  contrast  

( lo - i s  the i n i t i a l  i n t e n s i t y  l e v e l ,  1 - trans- 
mitted i n t e n s i t y )  i n  l i n e a r  e l ec t roop t i c  e f f e c t  
may be described as fo l lo tvs14  : 

Since ( 2 )  i s  an approximate so lu t ion  f o r  the 

* 

/ T  - - - 0  

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:
47

 1
9 

Fe
br

ua
ry

 2
01

3 



ELECTROOPTICS OF A THIN FERROELECTRIC 105 

A @ =  ‘$*C/r./-4) , 3 - l i g h t  wavelength&, * 
& A -  smectic C r e f r ac t ive  indices  p a r a l l e l  and 

perpendicular t o  the d i r ec to r  respec t ive ly , J=  2 - the angle between the po la r i se r  and analyaer. 
One can use the r e l a t i o n  (3)  f o r  the appro- 

ximation o f  experimental - T /I, curve, obtained 

i n  e l e c t r i c a l  f i e l d  switching process (Fig.2). 

Fig.2. Elec t roopt ica l  transmission response 
o f  DOBAXBC: (x)-ex erimental  data ( the exter-  
n a l  voltage =4vp, s o l i d  l i n e  - the r e s u l t  
of computer f i t t i n g  procedure by the l e a s t  
squares method with the help of  the formula 
( 3 ) .  The following parameters m e  used i n  the 
calculat ions:  L = 5 p  , 3 =0,63fi , n/,=1,7, 
nL=l , 5 ,  8,,=0,44. The computer f i t t i n g  gives 
A = 2 ,  ‘z: =95j t sec ,  while according t o  the 
approxiGate formula ( 6 )  we have q = 9 0  seq. 

Let us  note ,  that the op t i ca l  c o n t r a s t I / J  * 0 

f l -  

considerably depends on the smectic C l aye r  
thicknes? (Fig.3). One can e a s i l y  show, tha t  f o r  

L =  K-?/(hfi-hl) ( Y =0, 1 ,  2,. . . ) the  curve 
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106 M 1. BARNIK er al. 

r/r, ( t )  passes through the maximum, while f o r  
L= (K+1/2)  r/f&-@ 
cont ras t  d /L 
the  time t (Fig.3).  !Thus the l aye r  thickness  non- 
uniformity A JJ within the smectic C e l ec t roop t i c  
c e l l  working a rea  mist s a t i s f y  the  requirement 

(K=0,1,2,...) the o p t i c a l  - 
( t )  always increeses  with r i s i z g  

* 
14 

Pig.3. E lec t roop t i ca l  t ransmission response o f  
f e r r o e l e c t r i c  smectic C* l i q u i d  c r y s t a l ,  cal-  
culated by means of  ( 3 ) ,  vs the l aye r  thick- 
ness  L. We use i n  the calculat ions:  3 =0,63y, 
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ELECTROOPTICS OF A THIN FERROELECTRIC 107 

nl/=l ,7 ,  nl=l  , 5 ,  6?,==@,3, A = O Y 4 3 ,  T c = 6 6 / f s e ~ y  
Lo=j3/(n,,- nl) = 3 , 1 5 p  . The layer  thickness 
L =KLo/4 ( d 4 0  = T K / .  1, where K=1 , 2 ,  

...9 - the number o f  the corresponding curve. 

* 
The f o r m  of smectic C e lec t roopt ic  response 

- I / &  ( t )  can be affected by vayying the angleJ 
between the po la r i se r  and analyser (Fig.1). Using 
the well knovm formJa15 we have: 

Fig.4 shows, how a l t e r i n g  the zngleJ 
t a ins  the monotonous r i s e  o f  the op t i ca l  contrast  
f o r  the s u f f i c i e n t l y  high values o f  time t o  

one ob- 

Fig.4. The e lec t roopt ica l  response o f  fe r ro-  
e l e c t r i c  smectic C* l i qu id  c r y s t a l  vs the 
anglef i  between the polariser and analyser  
f o r  the curve "7' (L=7L0/4) of  Fig.3. 
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108 M. 1. BARNIK er d. 

EXPERIhENTAL AND DISCUSSION 
We inves t iga ted  i n  experiment the electroop-  

t i c a l  transmission response of  homogeneously o r i -  
ented f e r r o e l e c t r i c  smectic C l i q u i d  c r y s t a l  
(DOBM,lSC>, placed between the po la r i ze r  and ma- 

l y s e r  (Fig.1 ). He-Ne l a s e r  with 3 = 0 , 6 3 p  was 
used as a l i g h t  source. The ex terna l  vol tage,  
appl ied t o  the  c e l l ,  was taken i n  the form o f  b i -  
po la r  pu lses ,  which makes i t  possible  t o  s tudy 
the dynamics o f  smectic C t ransmission a f t e r  the 
abrupt change of the voltage s ign.  The l aye r  
thiclmess 

* 

* 

1,- 5 - 8 )  . 
Fig.2 shows the experimental dynamical tran- 

smission curve o f  DOBAliBC i n  case,  when the phase 
r e t a r d a t i o n  4% = p-4,~~ . The computer f i t -  
t ing  o f  the I / &  ( t )  e l ec t roop t i c  response with 
the help of the formula (3 )  i s  seen t o  provide a 
good agreement with the experimental data.  The 
time cons tan t ,  obtained by the l e a s t  squares te -  
chnique w a s  ~ , = 9 5 , q s e c .  

formula f o r  z c ,  which makes poss ib le  the d i r e c t  
eva lua t ion  o f  r c  without the procedure o f  com- 

U s i n g  the  equat ion (3 )  we der ive a simple 

pu te r  f i t t i n g  the experimental I / &  ( t )  da ta ;  14 

The approximate value of 
by means o f  (6), matches the value o f  cc, taken 
from the procedure of the computer f i t t i ng  with 
the accuracy of 6%. 

I n  experiment we appraised the DOBAME3C d i -  

Q $ 0 ~ 1  sec  received 
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ELECTROOPTICS OF A THIN FERROELECTFUC 109 

r e c t o r  f r e e  re laxa t ion  time Yrel & 30 - 60 msec, 
which is  much longer than the c h a r a c t e r i s t i c  d i -  

r e c t o r  response time z c  (Fig.2). We a l s o  chose 
the l aye r  thickness L f o r  which the apparent dy- 
namical threshold was l e s s  than 0,5v, while the 
working voltage was 4v. Then our experimental 

the 
data may be described within the framework o f x u -  
s l i t a t i v e  theory. According t o  t h a t ,  the e lec t ro-  
op t i ca l  switching r a t e  o f  smectic C 
sured by the f o l l o w i n g  procedure. F i r s t  of a l l ,  
the appropriate angle between the po la r i se r  
and analyser was chosen, t o  provide a monotonous 
r i s e  o f  e l ec t roop t i c  response. Then the charac- 
t e r i s t i c  times t90 and tTO were defined, and the 
value o f  

We a l s o  measured the temperature dependence 
o f  the smectic C WBANBC switching r a t e  vs tem- 
perature.  Taken i n t o  account the well-known tem- 
perature  dependence o f  the p o l a r i s a t i o n  of  DO- 
BAhBC Ps(T), we obtained by means of (2)  the 
corresponding temperature c h a r a c t e r i s t i c  f o r  the 
ro t a t iona l  v i scos i ty  $ (Fig.5). 

The r o t a t i o n a l  v i scos i ty  & , measured i n  
our experiment, a c t s  a ro l e  o f  a k i n e t i c  coeff i -  
c i en t ,  descr ibing the dynamics o f  the azimuthal 
smectic C d i r e c t o r  angle 50 f o r  the f ixed  p o l a r  
angle &, . The paper16 give the temperature de- 
pendence of the another smectic C r o t a t i o n a l  
v i scos i ty  re, , r e l a t ed  t o  the dynamical relaxa- 
t i o n  processes of the p o l a r  ( t i l t )  angle at 
a constant value o f  9 (Fig.6). The comparison 
of the r y  and &,, leads t o  the conclusion, 

L zc was mea- 

2, ( 6 )  was calculated,  

* 

* 

* 
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110 M. I .  BARNlK el al. 

t h a t ,  i n  genera l ,  one dea ls  with the tensor  o f  
smectic C v i scos i ty ,  & a n d  roo being i t s  

* 
p r i n c i p a l  components. 

P 
- 
L, msec 
6.0 

4,O 

a 0  

Fig.5. The switching r a t e  
ona l  v i scos i ty  of DOBAMBC vs temperature. 
The l a y e r  thickness  L = 7,3  Jt . The b ipo la r  
rec tangular  voltage pulses  with the amplitude 
U = 2v and frequency f = 50 Hz a r e  used i n  
experiment. 

7, and the r o t a t i -  

2 8  4 9  '3 "K 

Pig.6. The DOBANBC r o t a t i o n a l  v i s c o s i t i e s  
wi th  respect  t o  azimuthal d i r e c t o r  vaziat ions 
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ELECTROOPTICS OF A THIN FERROELECTMC 111 

9 - & and t i l t  angle 8, ones - rQo. 
Flovever, i f  t h e  
e l e c t r o o p t u c  response  dynamics may be descr ibed  
on ly  w i t h  the h e l p  o f  &. r o t a t i o n a l  v i s c o s i t y .  
Pig.5 and Fig.6 demonstrate ,  that  the & compares 
i n  value w i t h  t h e  t y p i c a l  r o t a t i o n a l  v i s c o s i t y  
o f  nematic LCs a t  room tempera tures  ( o r  even 
less), while  I(b, remains by one o r  two ol-ders o f  
magnitu4e g r e a t e r .  The small v a l u e s  o f  c h i r a l  
smect ic  C l i c p i d  c r y s t a l  v i s c o s i t y  gg may be 
explained by the symmetric p e c u l i a r i t i e s  o f  sme- 
c t i c  C : t h e  d i s s i p a t i o n  o f  C f r e e  energy pro-  
ces s  o f  t h e  d i r e c t o r  r o t a t i o n  around the  layer 
normal remains reasonably  low. 

00 v a r i a t i o n s  a r e  small, t h e  

* 

* * 
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