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Abstract— Liquid-crystal (LC) elements with an electrically controlled spatial topology of director orienta-
tion have been developed and manufactured. Waveguide light-beam propagation mode in a spatially struc-
tured LC cell has been realized for the first time; the possibility of creating electrically controlled waveguide
dividers and adders has been demonstrated experimentally.
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An abnormally high optical anisotropy of liquid
crystals (LCs) and the possibility to control anisotropy
in thin-film LC elements by low voltages (on the order
of several volts) offer great prospects in the develop-
ment of novel methods and devices for the control of
light fields on the basis of compact LC elements. In
addition to conventional applications (indicators,
light modulators, displays), this work presents an anal-
ysis of the approaches to the creation of LC devices
intended to control the light beams (phase plates,
deflectors, diffraction LC elements) [1—8]. In recent
works, light-beam propagation in spatially structured
nematic LCs has been considered. The possibility of
refraction, reflection, and polarization separation of
light beams at the interface of two LC domains has
been demonstrated [9—11], and the feasibility of light-
induced waveguide propagation of laser radiation and
of nematicon formation has been suggested [12—14].

This work is devoted to development of electrically
controlled, spatially structured LC elements and to
realization of waveguide-propagation and light-beam
control regimes based on them.

The structure of an electrically controlled
waveguide LC element is shown in Fig. 1a. This LC
element includes two glass substrates /a and /b with
surface electrodes. On the first substrate /a, transpar-
ent electrode 2a was formed of indium oxide, and spa-
tially structured electrode 2b of chromium on the sec-
ond substrate /b was manufactured by the optical
lithography method with the use of the specially devel-
oped templates. The orienting photopolymeric coat-
ing 3a and 3b was applied to the substrates with the
electrodes and rubbed to give the director a planar ori-
entation. The thickness of the LC layer in a waveguide
element was dictated by the spacers and came to
20 um. This work was performed with positive bire-
fringent nematic liquid crystal 4 having refractive
index anisotropy 0.18.

TThe article was translated by the authors.

The LC cells enabling realization of the waveguide-
propagation and light-beam separation modes were
manufactured with the electrode structures shown in
Figs. 1b (“forks”) and 1c (“double forks™). The elec-
trodes were 40 and 20 um thick, respectively; a dis-
tance between the electrodes at the input was 270
(Fig. 1b) or 520 um (Fig. 1c). The electrode length to
forking was 3500 pm. After forking, the distance
between the electrodes (“fork” width) was 100 um.

The formation of the controlled LC waveguides is
based on realization of the effect of total internal
reflection from two LC regions with different topolo-
gies of the director orientations [10]. When no voltage
is applied to the LC divider, a liquid crystal is planar
oriented over the whole volume of the element. With
the voltage applied, due to the Fredericks transition,
molecules of LC are oriented with the electric-field
lines (homeotropic orientation), the spatial distribu-
tion of which within the LC volume is determined by
topology of the structured electrode. In the areas of an
LC element without the electrode, the director is pla-
nar oriented. As a result, the director orientation is
spatially modulated within the LC cell volume and fol-
lowed by modulation of the LC refractive index
anisotropy. In the case of linearly polarized light, such
a structure may represent a waveguide element.
Indeed, when the electric vector of a linearly polarized
light wave is coincident with the direction of a homeo-
tropically oriented liquid crystal, the refractive index
for such polarization mode is determined by the
refractive index of an extraordinary wave (n, = 1.67).
In the areas, where there is no electrode and the LC
director retains its initial planar orientation, the
refractive index is governed by that of an ordinary wave
(n, = 1.49). In this way, under an electric field, for
polarization of the light wave coincident in its direc-
tion with the homeotropic orientation of LC and for
the propagation angles below 25°, the total internal
reflection conditions and waveguide propagation of
laser radiation are realized.

598



ELECTRICALLY CONTROLLED WAVEGUIDE LIQUID-CRYSTAL ELEMENTS

(@)

3500 um

599
(b) (©
270 um 520 pm
> . ~—

100 pm

Fig. 1. (a) Schematic diagram of LC cell and (b, c) fork and double-fork electrode configurations, respectively.
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Fig. 2. Propagation of laser radiation in LC cells with (a) fork and (b) double-fork electrode configurations.

The propagation pattern of laser radiation in the
manufactured LC elements is shown in Fig. 2. The lin-
early polarized laser radiation of a He—Ne laser was
injected into the end of an LC element by means of a
micro-objective, with light propagating in the plane of
an LC capillary within the limits of one electrode.
Without the field applied (Fig. 2, U = 0 V), the light
injected into an LC cell is scattered by inhomogene-
ities of the liquid crystal. Application of an electric
field results in excitation of the waveguide channels
within the medium volume and laser radiation propa-
gates along these channels (Fig. 2, U= 3 and 5 V). As
seen in Fig. 2a, the light beam is captured by a single
waveguide and then is forked due to the electrode
structure. In the case of double forks, radiation is cap-
tured by both waveguides and forked too (Fig. 2b). The
two beams merge at the junction of two internal elec-
trodes. Two outer beams at the output carry informa-
tion on the input signals used, the central beam being
associated with the total optical signal.

It should be noted that an increase in the voltage
amplitude applied to the LC element leads to the
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increased propagation length of a light beam within
the LC cell (Fig. 2). This stems from the fact that the
LC director orientation at low voltages occurs only at
the central part of an LC layer, far from the substrates.
The increased voltage results in growing of the LC
layer region from the center to the substrates, where
the director reorientation takes place. This means
that, with an increase in the applied voltage, the total
internal reflection condition and waveguide propaga-
tion of laser radiation will be encountered for an ever-
growing part of the beam.

In the process of this work, a technology of LC ele-
ments with different topological structures has been
developed and the feasibility of electrically controlled
waveguide structures has been demonstrated. The
manufactured spatially structured LC elements exhib-
iting the functions of waveguide dividers and adders
may be used as prototypes of the electrically controlled
(active) components for fiber-optic communication
lines.
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