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A new method of light modulation is reported. This method is based on the electro-optical properties of nematic
materials and on the use of a new wedge structure. The advantages of this structure are the possibility of modulat-
ing nonpolarized light and the improved signal-to-noise ratio. The highest modulating frequency obtained is 25

kHz.

In this Letter we report a new method of light modula-
tion based on the electro-optic properties of nematic
liquid crystals. The basis of this method is the use of
a wedged structure not previously reported for this
application. The advantages of such a structure, as we
will show later, are based mainly on the signal-to-noise
ratio, which is better than with other configurations.
The importance of the first property is based on possible
applications in which a polarization-insensitive device
can be required. The second property derives from the
wedged structure used, which permits a total separation
between rays.

Our modulator has two main features: (a) the use of
nematic liquid crystal, with Ae < 0, as the anisotropic
medium; (b) the use of a rather special structure, which
is a wedge in which the orientation of the nematic lig-
uid-crystal molecules is parallel to the vertex.

As is well known,»2 nematic liquid crystals exhibit a
unique behavior. Depending on the frequency and
voltage applied, two regimes appear. For frequencies
lower than a certain cutoff frequency, f., the space
charge in the fluid oscillates at the same frequency as
the driving signal. This regime is known as the con-
duction regime. When the applied frequency is greater
than f., the space charge does not oscillate. The fluid
interacts with the applied field to result in a dielectric
regime. The threshold field is proportional to f1/2,
This field, contrary to that in the low-frequency situa-
tion, is thickness independent. Periodic deformations,
known as chevrons, result from the field—fluid interac-
tion. The spatial frequency of the chevron striation is
a monotonically increasing function of the driving fre-
quency. Moreover, according to the voltage-versus-
frequency representations of these two regimes, it is
necessary to take into account the fact that the limiting
frequency to maintain the chevron pattern, for a given
voltage, is dependent on the cell thickness, d. The
relation is

V o« dfi/e,

Hence the only limiting factor in the possible applica-
tions of these patterns is the thickness of the cell, the
common value being larger than 10 um. With this cell
thickness, for a square wave with 100-V peak voltage,
the frequency is around 150 Hz (cutoff frequency near
100 Hz).
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Otherwise, in the dielectric regime, also known as the
fast-turnoff mode, if the ac voltage is turned off from
a value above a certain threshold voltage to zero, the
chevrons disappear rapidly. According to de Gennes,!
the relaxation rate is -

1/T =~ kq2/y,

where « is the Frank elastic constant, g is the spatial
frequency of striations, and 7 is the viscosity coeffi-
cient.

. Since q is proportional to f1/2, the relaxation rate will
be proportional to the applied frequency. This is
analogous to the creation of standing waves in an elastic
medium.? , ,

If optical radiation propagates transversely through
a planar sandwich cell with chevron structure, the mo-
tion of these domains does not strongly affect the
propagation direction of such radiation. This can be
shown theoretically as well as empirically.

Moreover, if unpolarized light goes through the
structure described above, the emerging signal will be
decomposed into two orthogonally polarized compo-
nents. The one that keeps the same direction as the
incident light is the ordinary ray with a polarization
perpendicular to the initial direction of the molecules.
The second one will be the extraordinary ray polarized
orthogonally to the preceding one. If the molecular
situation corresponds to a Williams mode, the first
beam will appear as a spot but the second one will be
split into several spots corresponding to the diffraction
pattern of the Williams domains.* If the regime is dy-

‘namic scattering, just two spots appear, one for each of

the two possible rays, ordinary and extraordinary. No
diffraction pattern will appear. If the sandwich cell
presents a chevron mode, both rays will give diffraction
patterns. In every case, the zero-order diffraction po-
sitions for both rays will be very close to each other and
indistinguishible without polarizers.

From the above considerations, if some information
is impressed upon the applied voltage between elec-
trodes, this information will be difficult to detect. This
is so because of the spatial coincidence of both rays in
the detector. Otherwise, if a polarizer is used, some
intensity will be lost.

To overcome the above limitations, we have devel-
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oped a structure consisting of a wedge cell with a Mylar
spacer on one side. This structure has been used by
other workers in this field for the measurement of re-
fraction indices6 and for the separation of ordinary and
extraordinary rays.” Our wedge angle was about 2°,
and the separation at the opposite side of the Mylar
spacer was 4 um. The incident ray, after crossing the
wedge, will be split into the two components previously
indicated, but with a substantial modification. These
two components will be clearly separated in space and
in this way will be easier to distinguish. Both compo-
nents will travel forming angles «, and «, with the in-
cidence direction. Their values are

o, = sin~(n, sina) — «, (1)
o, = sin~1(n, sina) — «, (2)
with n, and n. the ordinary and extraordinary refrac-

tion indices, respectively, and « the wedge angle (Fig.
1). The angle difference is given by

Aa = sin~1(n, sin o) — sin~1(n, sin @). 3)
For small values of «, as in our case, this becomes
- n,) = aln. (4)

If the observation plane is at a distance D away from the
cell, the linear separation between both zero-order
diffraction positions will be

Az =~ aDAn. (5)

With this structure, we have avoided, as we indicated
before, the use of polarizers and, moreover, because of
the very small distance between electrodes near the
vertex of the wedge, it is possible to work at much higher
frequencies than those previously obtained.??

The results of our measurements are shown in Fig. 2,
We have used Licristal Phase 5, supplied by Merck, with
a nematic phase temperature range from —5°C to 75°C.
Our working témperatures were 20°C and 50°C. We
used an unpolarized 0.5-mW He—Ne laser as the light
source. The measurements were performed with a
conventional silicon solar-cell photodetector placed at
the zero-order diffraction position of the extraordinary
ray. The ordinary ray was excluded. As can be seen
from Fig. 2, two regimes appear. The first one goes
from 0 to 100 Hz, the second one from the first fre-
quency to 25 kHz. Because the modulating signal was
a 40-V-rms pulsed voltage, the first region corresponds
to a dynamic scattering mode. The second region
corresponds to a chevron configuration, The modula-
tion is obtained, in this situation, from the energy

Aa ~ a(n,

z

Fig. 1.
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Geometrical configuration for the modulation ef-
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Fig. 2. Frequency response of the homogeneous wedge
structure.

transfered to the higher-order diffraction rays. The
optical modulation depth at f = 1 Hz was 45% of the
unpolarized input beam. This modulation depth be-
gins to roll off at 100 Hz and decreases with a slope of
7.7 dB per decade, which results in a modulation depth
of 0.5% at f = 25 kHz. The bandwidth of the detection
system used was 60 kHz.

This 25-kHz modulation was heretofore impossible
to obtain in a chevron sandwich cell with square or sine
waves.

This wedge structure can be used too with liquid-
crystal materials with Ae > 0, but we have not yet per-
formed the corresponding experiments. A digital
light-beam deflector and an analog light-beam deflector,
using electric fields, have been reported by usl®i! for
these types of material. The configuration was similar,
but instead of the homogeneous texture we adopted a
twisted molecular configuration in the first case and a -
homogeneous texture, perpendicular to the vertex, in
the second one. Moreover, similar results have been
obtained by us with magnetic fields. This proves the
usefulness of our conflguratlon and its applications in
this field.
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