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Abstract

We propose a simple method for determination of polar anchoring
coefficient by electrical measurements. The basic idea of this
method is a two-channel scheme for capacitance measurements.
The first channel uses one cell with planar alignment LC, the
second channel uses the cell with vertical alignment (VA). Such
method gives a possibility to investigate anchoring properties of
planar and vertical alignment materials. Measurements of two cells
at one time give possibility to compensate all volume effects in LC
cell and investigate only surface effects. The method can be used for
the cells, which do not have uniform planar or VA orientation. We
applied this method to investigate the polar anchoring properties of
photoaligning material before and after illumination.

1. Introduction

The new photoaligning technology, which allows a precise control
of the anchoring properties of aligning layers, new electrooptical
effects, which use a high pretilt angle, stimulates the development
of the new methods for anchoring energy measurements, especially
for the low values of the anchoring, when the LC alignment is not
uniform or when liquid crystal has high pretilt angle on surface
alignment layers [1,2]. The high voltage measurements of the phase
retardation usually require a high quality antiparallel orientation in
LC cell [3-5]. Optical methods have certain problems in polar
(zenithal) anchoring energy determination for vertical aligned LC
cells [6-8]. In this case a capacitance method can be used [9]. We
propose to use an additional LC cell with perpendicular director
orientation (planar or homeotropic) for the determination of the
saturation level of the capacitance in this method and for exclusion
volume effects, such as a variation of the LC order parameter under
high field application [10,11]. Our technique can be successfully
applied to both planar and vertical aligned LC materials. The
calculation of anchoring coefficient for materials with small pretilt
angle can be done without additional information on the parameters
of LC mixture (elastic and dielectric constants).

2. Physical Background of the Method
2.1 Basic Theory

The cell capacity is determined by cell gap d, area of electrodes S
and dielectric permittivity of LC €, which is a function of the

applied electric field. For the high voltage V' > 6Vth the change
of the capacity of the LC cell can be written in the following way
[4.5]
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where S is the electrodes overlapping square, d is the cell thickness,

and 8H , € is the LC dielectric constant parallel and perpendicular

to the LC director,
— E
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Qp — pretilt angle; K, K33 — Frank elastic constants.
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For the small pretilt angle €, we have
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From (2’) we can find the polar anchoring strength W. Measuring
the value of capacity C;,r at high voltage limit V — oo and the value
of the threshold voltage Vy, we get:

iV_ﬂf (C” _CJ_)2 1

W =
S C.  1-C/C,
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where C, is capacity of LC cell for uniform planar orientation of
liquid crystal , C; is capacity for vertical alignment LC. It is basic
formula for capacity method.

The value C, is measured for a planar LC cell at the voltage V<V,
We can also measure Cj,¢ in limit of high voltages V — oo. But the
value of C can be measured by applying a very high voltage, which
reoriented LC molecules in LC bulk including the molecules on the
surface aligning layers.

2.2 Effect of LC Order Parameter

The effect of the increase of nematic LC bulk order [11] and even a
formation of a biaxial nematic by changing the order parameter in
high electric [10] or magnetic fields [12] have been already
discussed. The value of the electric fields Eg, when such effects
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Figure 2. Principal scheme for two-
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Figure 1. Relative change of the capacity VA LC cell Cy,/C’y, in a high

electric field. The cell was filled with ML.C 5700-000, having a positive

dielectric anisotropy. The cell thickness was 11u. The PI aligning agent
JALC-2021 was used to provide a homeotropic LC alignment.

become possible can be roughly estimated by comparing the electric

Kl
goga
thickness of the order parameter variation from the bulk to the

surface value, which is few molecular lengths &= 10-100 nm [13] .
Comparing Ep=E; we get the typical values of Eg = 10°-10° V/cm.

field coherence length &g=I/E with a characteristic

If the capacitance method is applied directly, we may observe the
above mentioned increase of the order parameter of LC cell due to
the ordering of the surface layer under high voltage and
consequently the variation of the LC cell capacitance. The effect of
the capacitance increase can be observed, if we apply a high voltage
to a homeotropic LC cell. The relative change of the capacitance (or
LC dielectric constant) is shown in Fig.1. As followed from Fig.5,
the order parameter induced change of the capacitance is about 2%,
while for the accurate definition of the polar anchoring energy we
need to measure the capacitance with the accuracy of 0.1%. As a
result of the order parameter variation, the saturation of the
capacitance for the planar LC cell may not be observed at high
electric field and the ratio C|/Cjy; cannot be obtained from the
experiment.

2.3 Relative Capacity Measurements

To simplify the procedure of the measurement and to avoid parasitic
effects, which take place in liquid crystal under high electric field,
we propose to measure the relative capacity for planar and
homeotropic cells simultaneously. The principal scheme of such
measurement is shown in Fig.2.

channel capacity measurement.
0.50

AC voltage from a function generator is applied for the
two channels at the same time. Cell 1 has a planar LC
orientation and cell 2 has vertical LC alignment. If we use
LC with a positive dielectric anisotropy, cell 1 will switch
in electric field. Cell 2 will be used as a reference
channel. Resistors R; and R, are used to measure the
current at every channel. Resistor R, is high performance
variable resistor. It is used for equalization of two channels for
empty cells.

Expression (1) for the scheme shown in Fig.2 can be written in the
form

0 _
Ul &C_lzi 1_K (4)
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f — frequency of applied voltage, Clo - Cg — empty cells
capacitance, U},U, — the voltages on resistors R; and R, (Fig.1).

0
The value of the resistor R, is defined as —10—2 =1 for the
2

empty cells. After such calibration formula (4) has the simplest
form.
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the glass substrates must be thick enough. We

1.02 i | | used the cells with the size 13x13 mm, width
1] | auutda Al A—A 4 Ii ,,,,, e patch area 2mm, thickness of glass substrate
i | A was 1.1 mm, electrode area was 5x5 mm, cell
098 +-- -1 Y0~~~ — . gap was 11.5 um. The cells were pressed
. additionally with a force about 1 kg/cm®.
N0'96 I L Y A Empty cells As applied voltage source the function
2094 | If 7777777777777777777777777777 ® Filled cells generator AVTECH AV-151B-C, which had
=) , I maximal amplitude of output signal 200V,
092 1 ___ [T NG was used. For voltage measuring on resistors
] | R, and R, I/O board PCI-MIO-16E-4 from
0.9 + | Texas Instruments was used. The value of
1 | resistors R1 and R2 was 10 kQm. The
0.88 T VA AV A frequency of the applied signal was 1kHz.
0.86 I | N
4 Results and Discussions
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Figure. 3 Dependence of U,/U, for LC cells with planar (cell 1, alignment
material was SDA2 + SD1) and vertical (cell 2, alignment material was JALC
2021) on applied voltage V. Liquid crystal was MLC 5700-000. Thickness of the

cells was 11.5 pm.

Expression (5) provides a simple way for the determination of the
polar anchoring coefficient W. We must measure the dependence of

U ! / U , on the applied voltage. Formula (5) is valid for V>6Vy
and V<V, .. Here V,, is the maximal voltage, when linear
approximation for the function (U 1/ U 2) is possible. It

corresponds to the condition, when the LC pretilt angle at the
substrate is small enough [4,5]. The limit of the linear

approximation of the relation (U 1 / U 2 ) at /' —> oo can be used
for the calculation of the anchoring coefficient W.

W= 2)K, _Z(Vsz (CH_CL)Z/CL
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where C; and C, can be calculated from the experimental
data,

for any applied voltage,

C, = for V<Vy,

<ls <ls

i
R,
.
Rw

3 LC Cells and Experimental Set-Up

The increase of measuring quality was achieved owing to the
relative measurement of two equal cells with opposite orientation.
The thickness of these cells must be stable and have no change in
the LC filling process. Thus the LC cells size has to be small and
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The method was used to investigate the
modification of anchoring properties of
azodye photoalignment materials (mixture of
SD1 and SDA2) [14] in dependence on
exposed radiation energy dose. Fig.3 shows
the ratio U1/U2 in empty cells and the cells
filled with LC.

For our cells Vi, = 0.8V. And we found that
optimal voltage range for linear approximation was V,;, = 5V and
Vinax = 20V. We received W, = 3.81-10™* J/m? for polar anchoring
coefficient before the exposure and W, = 3.44-10* J/m?® after the
exposed dose of 0.8 W/cm2. This result means that photoalignment
material SDA2+SD1 do not exhibit any change of polar anchoring
energy versus exposure time.

We tested our method for the high voltage 120V with the aim to
receive the saturation value of U;/U,. The saturation value is very
close to our estimation (5).

5 Conclusion

We propose a modification of the capacitance method for the LC
polar anchoring energy measurements. The proposed method is
simple and increases the accuracy of the capacity method for the
determination of the polar anchoring energy, especially for non-
uniform LC alignment. This technique can be used for the
investigation of both planar and vertical aligned LC materials
without any change in the experimental scheme. The polar
anchoring coefficient in case of small pretilt angle can be defined
without using the LC materials parameters (elastic and dielectric
constants). The polar anchoring energy of photoaligned azodye
layers was found to be 1.9-10* J/m” almost independent on the UV
exposure energy.
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