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In this paper the dependence of ferroelectric liquid crystal threshold voltage on surface treatment (orientant covering and rubbing) has
been experimentally studied and the simple theoretical mode! explaining this results has been proposed.

1. INTRODUCTION

Ferroelectric liquid crystals (FLC) attract the attention of
researchers because of their high sensitivity to external
electric field. As a result of strong interaction of spontaneous
polarization with electric field the submicrosecond electrooptic
effect occurs in thin planar sample of FLC [1]. In practice
the threshold voltage of this effect that depends on material
parameters of FLC and surface conditions [2] plays an
important role. In this paper the dependence of threshold
voltage on surface treatment (orientant covering and rubbing)
has been experimentally studied and the simple theoretical
model explaining this results has been proposed.

2. EXPERIMENT

An object of investigation was the induced ferroelectric
liquid crystal that was obtained by doping of smectic C
matrix

CoH 150-(0)-C00- (0 )-0CH,;
C7H150'@-CH=-N-@-C4H9

with polar chiral dopant

(38)%
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Q
(3)-(B)-ch=CH)-CH(CHy),
CH,

The spontaneous polarization per unit tilt angle for this
FLC is equal to 16nC-cm™deg™’. .

The FLC-cell consist of thin film (about 5um) of FLC
between two plane-parallel glass plates separated by thin
teflon spacer. The internal surfaces of plates are covered by
thin transparent film of In,O; and undergo further treatment.
The later includes the covering by polyimide lacquer in order
to obtain a planar orientation and the rubbing to achieve the
monodominization of the sample.

The measurement was carried out in the device on the
basis of polarizing microscope. The threshold voltage was
obtained from transmittance-voltage dependence, when
applying triangular wave to the cell. As a threshold voltage
we take a value of voltage for which a transition to final
uniform state starts.

The results of the measurement are presented in the
following table.

g Table

NoNe | - Surface conditions Cell thickness -1~ Tilt angle Threshold voltage Uth
“U Presence of " rubbing | d, um 0, deg U V P
orientant dé

! - - 6 8 1,7 0,16
2 - + 6 11,5 2,3 0,13
3 + - 5,6 7 1,8 0,25
4 + + 6 i1 2,5 0,18

3. DISCUSSION

We propose a simple model qualitatively explaining these experimental data. The surface free energy density for (8<<1)

can be presented in the form [4].
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The first term in the integrand is the elastic energy, Gy is
the elastic constant corresponding to azimuthal angle change
along the cell thickness, i.e. X axis (fig.1). The second term is
interaction energy of the spontaneous polarization Ps and
external electric field & .

The first term in the surface energy is its polar part.
Depending on the orientant nature the spontaneous
polarization is directed towards the surface or from it: for
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lto the minimum of polar part of the surface energy. The
second contribution is the surface energy due to dispersion
interaction of liquid crystal molecules with surface, which
tends  constrain  molecules  parallel to  surface

d d
¢(——)=¢( ———)riﬁ . The surface profiling (rubbing) that is
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necessary to obtain the monodomain sample generates an
opposite effect: it tends to align molecules paralel to Z axis
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(¢(—)=¢(———)=0 or ) which was taken into account by
2 2



the third part of the surface energy. Coefficients w;,w, and W,
are corresponding coupling energies.

The minimization of the free energy (1) with respect to
azimuthal angle leads to balance torque equation
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with boundary conditions
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in order to define the equilibrium director distribution.
In all considered cases in the absence of electric field the
equilibrium configuration corresponds to the twist state

T X
(@(x)==—+—7 ), that takes place for strong polar cohesive
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W,2— and W,>>Aw . Then we appl a weak electric field,
d

T
the azimuthal angle ¢ takes a value — everywhere, except of
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| dependent part of the free energy takes the form

the range of size £ = . Then the azimuthal angle
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The first integral of equation (2) gives
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After a substitution of this expression into the equation
(4) it is not difficult too see that the value ¢ (-d/2)=-7/2j

(1 - sing)

Uth

Gﬁﬂ(?ﬁji'l_d/zf + W sin ¢(— g-) - (W, — W,) cos’® ¢(— 521—)

W, + 2w, — W,) )?0%d

@

corresponds to the minimum of energy (4) for small fields.
When the condition P EE2[W +2(W,~W ) J6° takes place

this minimum loses its stability. From the later inequality we
obtain an expression for threshold voltage

(W7 + 44w)8°d

G,P,

Since P,~6, the ratio U.,/0d does not depend on a tilt angle
for given substance and depends only on surface conditions.
The formula (5) allows us to interpret the obtained data.
The greater values of U,,/8d for last two cases show that the
covering of substrates by orientant (polymid) strongly

~ (%)

! increases the value of the polar part of cohesive energy. This
fact has been confirmed by independent experiments: in the
case of polymide covering the stability of twist states
increases essentially in comparison with a non-covered
substrate.
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SOTH $ORAITININ SEQNETOELEKTRIK MAYE KRISTALIN ASTANA
XARAKTERISTIKALARINA TOSIRI

fsde sethin islenmesinin (oriyentant gekilmasi ve silinma) seqnetolektrik maye kristalin astana xarakteristikalarna tasiri tecriibi
dyrenilmis ve tecriibi verilenlori izah eden sade nazeri model toklif edilmisdir.

A.P. Imamanues, C.3. TemupHuszoBa

BJIMSAHUE NMOBEPXHOCTHbLIX YCJIOBHI HA NMTOPOI'OBBIE XAPAKTEPUCTUKH
CEIHETO3JIEKTPHYECKOI'O XXUAKOI'O KPUCTAJLIA ,
B paGoTe 3KCIEpUMEHTANLHO U3YHEHO BIMAHUE MOBEPXHOCTHOM 06paboTKM (HaHECEHHE OPUEHTAHTA M HATHPAHHME) Ha 3HAYEHUE MOpO-
TOBOTO HANPKEHHS CETHETOINEKTPHUECKOTO KHAKOTO KPHCTANIA U MPUBEEHA TIPOCTAas MOJEND, OOBACHAIONIAs 3TH JaHHBIE.
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