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Soliton like solutions and subsurface behaviour of the nematic layer
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The direct measurement of the refraction index profile in the nematic layer (NL) creates possibility to verify and exploit the
non-linear solution of the Ericksen-Leslie (E-L) equation. It has been done for NL of 6CHBT tuned in wide range of external
voltage. The symmetrical case of the director field distribution has been analysed. The way for local values of the electric

field estimation inside the liquid crystal layer is discussed.
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1. Introduction

Earlier exploited method for refractive index profile mea-
surement inside liquid crystalline (LC) waveguiding layer
[1] is shown as a way for determination of the electric field
distribution in this layer. Because refractive index measure-
ment method has been already published, only most impor-
tant details are repeated herein.

The exact analytical solution of the Ericksen-Leslie (E-L)
equation in the single Frank elastic constant approximation is
derived and, together with experimental results, applied for
electric field determination. Similar solution was described in
the literature for non-constrained space filled with LC [2,3].
Here, the soliton like solution for nematic layer (NL) of the
thickness d has been derived. It has been shown that solution

of E-L equation can be obtained in the closed form for the
case of symmetrical deformation of the director field in the
NL. As it is static solution it may be called “frozen” soliton
like deformation induced in NL by an external electric field.

Finally, the obtained internal electric field values in the
NL seems to deliver deeper view of the LC layer deforma-
tions. Those results may be useful information for charge
movement investigations in the NL.

2. Refractive index measurement by means of
the LC waveguide

In the prism coupler method applied in LC waveguide the
guided modes propagation constant has been measured (see
Fig.1) [4].

Optical buffer between
prism coupler and LC

LC molecules alignment

Fig. 1. Scheme of the idea of prism coupler method applied with LC waveguide. The optical buffer between prism and the LC layer in Fig. 1
consists of polyimide/SiO,/ITO stacked layers.
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In Eq. (1) a is the prism angle and 6,, is the incident an-
gle for waveguide mode excitation. The wave number in
free space is equal to w/c. Both angles are easily measured.
The m distinguishes modes in the waveguide. Mode in the
waveguide shown in Fig. 1 is excited only in the case of
equality between measured propagation constant and one
of the possible mode’s wavenumber [4]. Profile of the re-
fraction index inside the guided layer my be preliminary
estimated by
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In Eq. (2), z,, are the points of internal reflection of the
guided mode m inside a waveguide. Those points, called
turning points, are precisely determined by means of the
following recurrence formula
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further for determination local electric field in turning
points.

3. “Frozen” soliton as solution of E-L equation

Ericksen-Leslie equation in single Frank constant approxi-
mation is like below, and is similar to sine-Gordon equa-
tion
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It is one of the differential equations of the form
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The coefficient before sine in Eq. (5) is denoted by c.
Simple integration gives
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It is easy to see that measurement of N, family for the
observed waveguide modes is enough to obtain turning
points position as well as n(z) form finally. In fact (see
Fig. 1), n(z) is equivalent to n,; which is seeing by each
mode between its turning points. A known formula de-
scribes the effective refraction index
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The value E in Eq. (4) is the local value of the driving
field in the point z while the angle ¢ is shown in Fig. 1, and
it is measured between the wave vector and optical axis di-
rection. The waveguide application during measurement
assures that direction of the wave vector is always the same
and always along LC layer.

Values of the refractive index in discrete collection of
guided modes turning points in the 3 pm thick NL wave-
guide of 6CHBT (4-trans-4-n-hexyl-cyclohexyl-isothio-
cyanatobenzene) are as in Fig. 2. Those values are applied
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When symmetric planar LC layer is deformed then con-

dition
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have to be fulfilling in the middle of the layer and C; can
be put equal to 0. Finally the exact analytical solution of
E-L equation in symmetric case is of the form of two
integrals
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In that form angle is measured from the normal direc-
tion in reference to LC layer. If hard anchoring
@(z = £d/2) = m/2 is desired then C, = d/2. In Eq. (9), Kf is
the Frank elastic constant, &, is the dielectric constant, A€ is
the dielectric anisotropy, E is the local electric field ampli-
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Fig. 2. Refractive index profile n(z;) in the turning points z;

obtained in 6CHBT (4-trans-4-n-hexyl-cyclohexyl-iso-thiocy-

anatobenzene) tuned waveguide for different external rms electric
field (after Ref. 5).

tude. It is soliton like solution of E-L equation. As time in-
dependent it describes “frozen” soliton. Full solution of
E-L in the LC layer is the sum of both integrals (9). As we
know, the electric field E in Eq. E-L, and also in the form
of Eq. (9), is a local value of the field inside LC layer, at
the point of differentiation. That value is unknown. It de-
pends on external field value and on the dielectric proper-
ties of the NL. As anchoring of LC molecules on polyimide
aligning layer influences dielectric properties of the thin
NL then it is worthwhile to determine electric field inside
that layer even in chosen, particular case.

4. Electric field inside LC layer - discussion of
connections

From the experiment one can obtain n,; values in the turn-
ing points of the guided modes in 3-pm thick layer of
6CHBT (see Fig. 2). So, in those points Eq. (4) with the an-
gle ¢, described by exact solution of E-L equation should
mirror true electric field value across the LC layer. As that
solution is stated for strong anchoring condition, so the re-
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Fig. 3. Electric field values in turning points for different driving

voltages: light grey 10 V, black-5 V and grey small dots-3 V in

3 pm LC layer of 6CHBT.
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sults are good enough only in such a situation. For known
6CHBT properties [6] those values have been fitted in each
turning point separately. In Fig. 3, the obtained local values
of internal electric field in LC layer of 6CHBT are exhib-
ited. Used 6CHBT substance has been prepared as high re-
sistivity LC in Prof. Dabrowski’s laboratory in Military
University of Technology. Its resistivity has been estimated
as higher then 10° Q m.

The shape of the obtained electric field distribution is
similar, to some extent, to induced rotation of local optic
axis mirrored in refractive index variation across the layer.
Such result has been expected. It directly illustrates the ex-
istence of the electric field gradient in LC layer edge vicin-
ity. Unfortunately, in a prism coupler method, the guided
mode turning point position nearest to LC layer boundary
is usually loaded with the highest error. So, extrapolation
of the electric field towards the edge of the layer contains
that error as well. It is the reason for presentation of the
electric field values only in discrete points without extrapo-
lation.

5. Conclusions

The presented results are a part of permanent discussion
about macroscopic description of electric fields inside thin
LC layer. It is important for wide range of LC applications.
The aim of that work was extracting those coincidences be-
tween important macroscopic properties of the NL, which
should be taken into account during determination of the
electric field distribution inside LC layer. Determination of
that field seems to be important especially for investigation
charge movement and distribution inside the LC layer. It
has been done for 6CHBT thin layer with strong anchoring
condition and possible highest resistivity.

The analytical solution of E-L equation, as well as di-
rect measurement of the refraction index profile in flat
cross-section of LC layer, allowed us to do this. According
to the author knowledge, the presented exact solution of the
E-L equation in the NL with the constrained thickness d
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has not been derived earlier. That solution seems to be use-
ful for detailed study LC permittivity as well as near
boundary LC behaviour.

It turned out that boundary value of tilts (so real anchor-
ing conditions) and LC permittivity as well as Frank con-
stant of LC is permanently connected with a shape of inter-
nal electric field [see formula Eq. (9)]. Extrapolation of the
electric field distribution towards the layer edge must be
built on deeper experimental analysis, because of lack of
guaranteed refractive index data immediately at the edge of
the layer.
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