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INFLUENCE OF THE SURFACE STATE TO THE THRESHOLD AND TIME PROPERTIES
OF THE FERROELECTRIC LIQUID CRYSTAL

H.F. ABBASOV
Baku State University,
Baku, Az-1148, Z. Khalilov str. 23

In this work the influence of the polar and dispersive parts of the anchoring energy of the liquid crystal molecules with surfaces on the
threshold voltage and the switching time of the “up-down” and “twist-down” transitions were studied by computer modeling of the

ferroelectric liquid crystal electrooptic properties.

The electrooptic properties of the surface stabilized
ferroelectric liquid crystal (SSFLC) depend both on the
material parameters and external parameters [1-3]. The
electrooptic switching with high speed and low threshold
voltage occurs in this materials and widely use in the display
technique.

The threshold and time characteristics of this effect

In the given work the influence of the polar and
dispersive parts of the anchoring energy on the threshold
voltage and the switching time of the electrooptic effects
were studied by computer modelling of the ferroelectric
liquid crystal electrooptic properties.

The considered geometry of the electrooptic cell is shown
in fig.1. The director of the SSFLC, the applied electric field

strongly depend on the surface state treatment. and the spontaneous polarization has the following
component, consequently:
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respectively.

tilt angle and azimuthally angle,

For considered geometry the free energy per unit area of
the cell has the form:
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where the first term is the elastic energy density (B is
corresponding elastic constant), the second term relates to the
electric field interaction with the dielectric anisotropy of the

medium (A& = & I~ & | is the anisotropy of the dielectric
permittivity, &, is the electric constant) and the third term
describes the electric field interaction with the spontaneous

polarization. The term Wlo’d CcoS ¢s describes the polar

interaction of FLC molecules with the surface: this term takes
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the minimum on the lower surface if ¢s =0 and on the

upper surface if ¢s =77 . The term Wzo’d COS2 ¢s
describes the dispersive interaction with the surface and takes
the minimum if on the both surfaces ¢s =0 or ¢s =7.

The minimization of the free energy density (2) gives us
the dynamic Euler-Lagrange equation:
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where }/ - is the rotational viscosity.

For numerical solving this problem has been used
MathCad-2001 program [4] and the Johns retardation
matrix method was applied for determining of the light
transmittance of the FLC cell [5].

It was analyzed the dependences of the threshold

voltages and the switching times of
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the anchoring energy. The threshold voltage was

determined from the voltage dependence of the cell
transmittance.
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Fig.2. Dependences of the threshold voltage on the anchoring energy at lower (a, ¢) and upper surfaces (b, d) for the “up-down”

transition.

The threshold voltage and the corresponding switching
time of the “up-down” transition decrease by increasing of
the polar part of the anchoring energy at the lower surface
Wy, (fig.2a, 3a) that was expected, because the rise of the
polar anchoring with lower surface stimulates the “up-down”
transition.

By increasing of the polar anchoring with upper surface
the threshold voltage (fig.2b) and the corresponding
switching time (fig.3b) of the “up-down” transition increase,
because with the increasing of the polar anchoring at the
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upper surface the initial “up” state becomes more stable and

the occurring “up-down” transition becomes more difficult.
The rising of the dispersive part of the anchoring energy

both at upper and lower surfaces leads to the increasing of Uy,

and T, (fig. 2¢, 2d, 3c, 3d).
The dispersive interaction with surface is same for both

surfaces and the increasing one of these leads to the rising
another.



INFLUENCE OF THE SURFACE STATE TO THE THRESHOLD AND TIME PROPERTIES OF THE FERROELECTRIC LIQUID CRYSTAL

-

I
Ia
v

‘o
o
&3
B

]
Threshold woltage,
S
&
(]
n
T

Threshold soltage, ¥
g
=
[}
|

ol g L oog
0 110 % 2.10°% 510 % 110 F 15077 2107
110", Wil 2.1.107F 410" W12 2.1.107%

Polar anchonng energy, Mim Polar anchoring enersy, i
a b
07 1 '

—

]
Threshold woltage, ¥
S
&
(]
n
T

Threshold soltage, ¥
g
=
=
n
I

nog | ] nog 1
11077 1510°° 1107% 151077
6107 "% W2l 171073 a.107% w22 21077
Dispersive anchorng energy, Mim Dispersive anchoring energy, Mim
d

C
Fig.3 Dependences of the switching time on the anchoring energy at lower (a, ¢) and upper surfaces (b, d) for the “up-down” transition.

Some of the electro optic characteristics of the “twist-down” transition are analogously to the “up-down” transition. Uy,
decrease by increasing of the polar anchoring at the lower surface (fig.4a) and Uy, increase too by increasing of the polar

anchoring at the upper surface (fig.4b).
Note, that the rising of the dispersive anchoring at the lower surface stimulates the “twist-down” transition (fig.4c) and the

increasing of the dispersive anchoring at upper surface, in contrary, resist to occurring this transition (fig.4d).
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Fig.4. Dependences of the threshold voltage on the anchoring energy at lower (a, ¢) and upper surfaces (b, d) for the “twist-down”
transition.
necessary to rise the polar and dispersive anchoring at lower
surface and to decrease them at upper surface in the “twist-

down” transition case.

Therefore, for switching time and threshold voltage
decreasing it is necessary to increase the polar interaction at
lower surface in the “up-down” transition case and it is
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SEQNETOELEKTRIK MAYE KRISTALIN ASTANA V3 ZAMAN XASSOLORINS SOTH $SORAITININ
TOSIRI

Bu isde seqgnetoelektrik maye kristalin elektrooptik xassalarinin komputer modellesdiriimasi yolu ile maye kristal
molekullarinin sathls ilisma enercisinin polyar ve dispersiv hissalarinin «up-down» ve «twist- down» kegidlarinin
astana garginliyina va kegid muddatine tesiri dyranilmisdir.

X.D. AobacoB

BJIMAHUE COCTOAHUS NIOBEPXHOCTHU HA ITIOPOTI'OBBIE U BPEMEHHBIE XAPAKTEPUCTHKHA
CETHETOJ2JIEKTPHYECKOI'O ) KUAKOI'O KPUCTAJIJIA

B nmannO#i paboTe OBUIO M3YYEHO BIMSHHUE IONSPHON W IWCIIEPCHOHHOW dYacTell SHEPTHH CHEIUICHHS MOJEKYN C
IIOBEPXHOCTBHIO HA IIOPOTOBBIE HANPSHKCHUSI U BPEMEHHU BKIIIOYEHHS MepexoqoB «up-down» n «twist-down» KOMITBIOTEpPHBIM

MOACIUPOBAHUEM DJICKTPOOIITUYCCKUX CBOICTB CECTHETODJICKTPUICCKOI'O KUAKOI0 KpucTasia.
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