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THE ELECTRO-OPTIC EFFECTS OF SMECTIC LIQUID CRYSTALS 

F.DAZA1, T.UCHIDA and M.WADA 
Department of Electronic  Engineering, Tohoku University,  
A r a m a k i  Aza Aoba, Sendai 980, JAPAN 

(Submitted f o r  Publication A p r i l  2 1 ,  1 9 7 7 )  

The e f f e c t s  of d i e l e c t r i c  anisotropy, the e l e c t r i c  con- 
duc t iv i ty  and the molecular o r i en ta t ion  on the glass 
p la t e  were s tudied on the electro-opt ical  c h a r a c t e r i s t i c s  
s o  as t o  make c l e a r  the mechanisms of the electro-optic 
e f f e c t s  observed i n  the smectic l i q u i d  c rys t a l s .  A s  a 
r e s u l t ,  three types of the electro-optic e f f e c t s  were 
observed, which depended upon the molecular o r i en ta t ion  
induced by the d i e l e c t r i c  anisotropy and by the conduc- 
t i v i t y  an i so  tropy . 

Tanilreported the electro-opt ical  storage e f f e c t  i n  a cer- 
t a i n  smectic l i q u i d  c r y s t a l  with posi t ive d i e l e c t r i c  aniso- 
tropy, i n  which op t i ca l  s c a t t e r i n g  was induced by being 
subjected t o  a voltage and sustained a f t e r  removing the 
voltage. However, the d e t a i l s  and mechanism of t h i s  e f f e c t  
have not been made c l e a r  i n  h i s  report .  

phenomena i n  smectic-A l i q u i d  c r y s t a l s  
type c e l l s  var ied i n  o r i en ta t ion  on the w a l l ,  d i e l e c t r i c  
anisotropy o r  e l e c t r i c a l  conductivity,  i n  an attempt to  
c l a r i f y  the s c a t t e r i n g  mechanism. 

of smectic-A l i q u i d  c r y s t a l s  shown i n  Table 1 were used. 
Table 1 a l s o  shows the temperature range of t he  smectic-A 
phase and ion ic  mater ia ls  added t o  smectic-A l i q u i d  c r y s t a l s  
t o  change t h e i r  conductivity. The sample was sandwiched 
between two Nesa-coated glass p la t e s  2 5 ~  i n  thickness. 

Table 2 describes t h a t  s c a t t e r i n g  depends on the i n i t i a l  
molecular o r i en ta t ion  on the glass plates, the d i e l e c t r i c  
anisotropy and e l e c t r i c a l  conductivity. The i n i t i a l  mole- 
cu la r  o r i en ta t ions  are p a r a l l e l  one by rubbing o r  diphenyl- 
chlorosi lane treatmentfmd the v e r t i c a l  one by l e c i t h i n  coating 

I n  t h i s  paper, the authors made s tud ie s  on the s c a t t e r i n g  
by using sandwich- 

In  measuring the electro-opt ical  propert ies ,  three types 
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198 I;. DAZAI, et al. 

TABLE 1 
materials added into them. 

Liquid crystals used in this experiment and ionic 

Liquid Dielectric Temperature range Ionic 
crystals anisotropy of smectic-A phase materials 

DBAB pos itivc 63 - 96°C CTAC 
(+7.9) 

HBBB nearly zero 58 - 69°C TBAB 
(-0.32) 

DBBA( 65mol%) negative 
C M E (  35mol%) (-2.0) 

38 - 61OC TBAB 

DBAB: pdecyloxybenzylidene-p'-aminobenzonitrile 
HBEA: p-hexyloxybenzylidene-p'-butylaniline 
DBpB: pdecyloxybenzylidene-p'-butylaniline 
CEHE: 1-cyano-1-( pethoxyphenyl)-2-( p-hexyloxyphenyl) 

CTAC: cetyltrimetylammoniwn chloride 
TUB: tetrabutylammonium bromide 

-ethylene 

TABLE 2 Scattering phenomena in smectic-A liquid crystals 

Dielectric Conductivity Initial orientation 
ani s o t ro py Parallel( I I ) Vertical( I ) 

l o w  s,--- (a) - 
high s,, s, g--- ( b )  

pas it ive 

zero 

negative 

low 
high 

low 
high 

s, -- - ( c ) 
s3 

S, : Scattering phenomena (1) 
S, : Scattering phenomena (2) 
S, : Scattering phenomena ( 3 )  
- : not scatterd 
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or acid-treatment. 
in Table 2 mean w/cm and 10-1O .Lp/cm, 
respectively, when the vertical-aligned cells are subjected 
to the dc voltage of 2 . 5 V .  

lel-aligned cell with positive dielectric anisotropy. 
voltage dependence of transmittance is typically shown in 
Figure 1. The scattering is observed above the threshold 
voltage Vl but disappears again at still higher voltages. 
The voltage dependence shows that the state with low dielec- 
tric constant changes into that with high dielectric constant 
at the threshold voltage Vl . 

It is made clear from this change of the dielectric con- 
stant and microscopic observations that the parallel orien- 
tation changes into a vertical orientation at the threshold 
voltage Vl, 
induced by formation of scattering centers during the trans- 
formation process from the parallel orientation into the 
vertical one. 

with the positive dielectric anisotropy and the high conduc- 
tivity. The voltage dependence of transmittance is shown 
in Figure 2.  The microscopic observation showed that the 

The low and high conductivities given 

The scattering phenomenon (1) is observable in the paral- 
The 

This scattering phenomenon (1) seems to be 

The scattering phenomenon (2) is observable in the cell 

n 

Q 100 a 
v 

a8 
V 
C 
b 
Z 50 
E 
.- 

ul 
C 
b 

I- 
L 

0 

- - -  

- T e m p e r a t u r e :  
72 "C 

0 50 100 150 
Applied v o l t a g e  ( V ) 

FIGURE 1 Characteristic of scattering phenomenon( 1) 
(corresponding to Table 2 (a)). 
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1' v2 

- Frequency : 
1 k H z  

72  "C 
Temperature: - 

I I I 
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U 

Q, 
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C 
b 
Z 50 
E 
.- 
VI 
C 
a 
I- 
L 

0 

1 Frequency 1 k H z  : v21'\ 

Temperature: - 
72  "C 

I I I 

1 

0 50 100 150 
Applied voltage ( V ) 

FIGURE 2 Character is t ic  of s c a t t e r i n g  phenomenon( 2 )  
(corresponding t o  Table 2 ( b ) )  . 

disturbance mode i n  the c e l l s  was s i m i l a r  t o  the dynamic 
s c a t t e r i n g  mode i n  nematic liquid crystals .3  

It is  seen from these r e s u l t s  that t h i s  disturbance mode 
seems t o  depend upon superposition of the or ien ta t ion  e f f e c t  
by d i e l e c t r i c  anisotropy and the one by conductivity aniso- 
tropy i n  a similar manner as in  the dynamic s c a t t e r i n g  mode. 
The d i rec t ion  of the molecular or ien ta t ion  produced by these 
effects is i n  cont ras t  t o  that i n  nematic l iquid crystals .  
The d i e l e c t r i c  anisotropy forces the molecules t o  a l i g n  pa- 
rallel  t o  the electric f i e l d  and the conductivity anisotropy 
(dL>dn) forces  the molecules t o  a l i g n  perpendicular t o  the 
e l e c t r i c  f i e l d .  

The s c a t t e r i n g  phenomenon (3 )  is observable i n  the l i q u i d  
c r y s t a l  c e l l s ,  tha t  is ,  the vertical-aligned, high conducti- 
v i t y  cells with small d i e l e c t r i c  anisotropic  l iqu id  c r y s t a l  or 
the v e r t i c a l l y  aligned c e l l s  with negative d i e l e c t r i c  anisotro- 
pic  l i q u i d  c r y s t a l s .  The voltage dependence of transmittance 
is shown i n  Figure 3. A t  the  threshold voltage V 3 ,  the l o w  
conductivity changes i n t o  the  high conductivity and the ver t i -  
ca l  o r ien ta t ion  of molecules a l s o  changes in to  the p a r a l l e l  
o r ien ta t ion .  This transformation of molecular or ientat ions 
is considered t o  depend upon the d i e l e c t r i c  and f o r  the conduc- 
t i v i t y  anisotropy. 
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n 

3 0 1 0 0 . ~  
U 

aJ 
V 
C 
d 
50 .- 

E 
v) 
C 
d 
I- 
L 

0 ,  

= = -+ = = = - a -  _ - _  
- v3 

- 
Frequency : 1 k H t  
Temperature : 45OC 

I 1 I I I 1 . 

The optical scattering seems to be induced by the forma- 
tion of scattering centers during the process of directional 
change of orientation. 

In Table 3 are summarized the conditions for generation 
of the scattering phenomena in smectic-A liquid crystals 
and related effects of orientation of their molecules. 
Further studies will be reported later. 

Acknowledgement 
The authors are grateful to C.Shishido for her assistance. 

References 

1. C.Tani, Appl. Phys. Lett., 1p, 241 (1971). 
2. T.Uchida, C.Shishido and M.Wada, T r a n s .  I.E.C.E., Japan, 

584, 224 (1975) in Japanese, Electronics and Communi- 
=on in Japan, 59-C (1976) to be published. 

- 56,  1162 (1968). 
3.  C.H.Heilmeier, L.A.Zanoni and L.A.Barton, Proc. IEEE, 

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
 0

6:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



N
 
0
 

N
 

TA
BL
E 

5 
cr
ys
ta
ls
 a
nd
 r
el
at
ed
 e
ff
ec
ts
 o
f 
or
ie
nt
at
io
n 
of
 t
he
ir
 m
ol
ec
ul
es
. 

Th
e 
co
nd
it
io
n 
fo
r 
ge
ne
ra
ti
on
 o
f 
th
e 
sc
at
te
ri
ng
 p
he
no
me
na
 i
n 
sm
ec
ti
cd
 l
iq
ui
d 

7
 

'
U

 

Ty
pe
s 
of
 

Li
qu
id
 c
ry
st
al
 

In
it
ia
l 

Ch
an
ge
 o
f 

Fa
ct
or
s 
co
nt
ri
bu
ti
ng
 t
o 

% 
sc
at
te
ri
ng
 

Di
el
ec
tr
ic
 

Co
nd
uc
ti
vl
ty
 

or
ie
nt
at
io
n 

or
ie
nt
at
io
n 

ch
an
ge
 o
f 
or
ie
nt
at
io
n 

'D F Kl 

an
is
o t
ro
py
 

Sc
at
te
ri
ng
 

ph
en
om
en
on
 ( 1
 ) 

po
s i
t i
ve
 

hi
gh
, 
lo
w 

hi
ge
 

Sc
at
te
ri
ng
 

ps
i 
ti
ve
 

ph
en
om
en
on
( 
2)
 

II
 

II
, 
1 

II
 - 1

 

'1
 -

--
c
 
ra
nd
om
 

1 

E
 

hi
gh
 

1
 

1 
- I

1 
ze
ro
 

lo
w 

Sc
at
te
ri
ng
 

ne
g.
at
iv
e 

ph
en
om
en
on
( 

3)
 

..
 .

 
ne
ga
ti
ve
 

hi
gh
 

1 
1 
- I

t 

1 
1 
- 

II
 

11
 
: 
pa
ra
ll
el
 o
ri
en
ta
ti
on
 

1 
:
 v
er
ti
ca
l 
or
ie
nt
at
io
n 

E
 
: 
or
ie
nt
at
io
n 
by
 
el
ec
tr
ic
 f
ie
ld
 (
by
 d
ie
le
ct
ri
c 
an
is
ot
ro
py
) 

I 
:
 o
ri
en
ta
ti
on
 b
y 
el
ec
tr
ic
 c
ur
re
nt
 (
by
 c
on
du
ct
iv
it
y 
an
is
ot
ro
py
) 

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
 0

6:
03

 2
3 

Fe
br

ua
ry

 2
01

3 


