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the optimization of these two parame-
ters separately. A 0.5-ms response time of
dual-frequency nematic 90° TN cells was
achieved by implementing an overdriv-
ing scheme of electrical switching,
where an electrical signal is a sequence
of high-amplitude pulses (64 V RMS, at
2 kHz and 50 kHz) and holding voltages
(6 V and 4 V RMS at 1 kHz and 50 kHz,
respectively).

Deflection angles can be optimized by
the design of the birefringent prisms.
SmA-filled prisms are attractive in low-
cost applications where one needs large
apertures, large angles of deflection,
and/or non-trivial geometries. Mixtures
of homologues of 4,4'-n-dialkylazoxyben-
zene produce SmA phases with a broad
temperature range of SmA existence
(from 10–20 °C to 40–50 °C) with a rela-
tively small number of residual defects,
such as focal conic domains, and high
transmission characteristics. In this inno-
vation, the typical magnetic fields
needed to remove director distortions
around the mechanical inclusions and
focal conic domains have been deter-
mined. For the SmA prism, the optical
axis (and thus the preferred orientation
of the SmA molecules) should be
aligned along the edge of the wedge. In
this geometry, the director field is uni-
form everywhere. A passive birefringent
prism separates the beam into two chan-
nels, depending on the beam polariza-

tion. Inside the prism, the beam propa-
gates as ordinary or extraordinary mode.
As the ordinary and extraordinary refrac-
tive indices are different, the two modes
of propagation through the prism result
in a different angle of deflection.

The SmA prisms are easier and
cheaper to form than solid birefringent
crystals, such as yttrium vanadate (YVO4)
or calcite (CaCO3). The optical axis of
SmA prisms can be controlled by surface
alignment. They can be prepared as rel-
atively thick prisms (up to 7 mm) or as
arrays of microprisms. Light scattering
in SmA birefringent prisms can be re-
duced by proper alignment to levels that
are significantly lower than light scatter-
ing at the director fluctuations in the ne-
matic samples of the same thickness. As
the light scattering is caused mostly by
focal conic domains that have a fixed
size, it becomes smaller with the in-
crease of the wavelength of light; the in-
frared (IR) part of the spectrum is less
sensitive to these losses. Thus, the SmA
prisms are suitable candidates for beam
steering not only in the visible part of
the spectrum, but in the IR part as well.
While SmA prisms can only be used in
the temperature range of the SmA
phase, it can be expanded significantly
by using mixtures.

The TN cells are used to realize the
fast switching of the linearly polarized
light. The fast switching is achieved be-

cause the dual-frequency nematic is al-
ways driven by the operational voltage.
To reorient the director along the field,
operational voltage is applied at a fre-
quency of 1 kHz. To reorient the direc-
tor perpendicular to the field, the oper-
ational voltage is applied at the higher
frequency of 50 kHz. The amplitude of
the driving voltage determines the
switching time between the states. In
regular liquid crystal cells, the field is ap-
plied only to reorient the director in one
state; the reverse transition is achieved
by simply switching the field OFF; the di-
rector relaxation is slow in this case as
the active reorienting bulk torque is ab-
sent. Finally, with their high birefrin-
gence, SmA prisms can be constructed
in a variety of shapes, including single
prisms and prismatic, blazed gratings of
different angles and profiles.
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A family of aerogel-matrix composite
materials having thermal-stability and me-
chanical-integrity properties better than
those of neat aerogels has been devel-
oped. Aerogels are known to be excellent
thermal- and acoustic-insulation materials
because of their molecular-scale porosity,
but heretofore, the use of aerogels has
been inhibited by two factors:
• Their brittleness makes processing and

handling difficult.
• They shrink during production and

shrink more when heated to high tem-
peratures during use. The shrinkage
and the consequent cracking make it
difficult to use them to encapsulate ob-
jects in thermal-insulation materials.
A material in the present family consists

of a silica aerogel matrix reinforced with
silica fibers and silica powder. The density

of this composite material is typically only
about 10 percent greater than the density
of the corresponding neat aerogel. The
underlying concept of aerogel-matrix com-
posites is not new; the novelty of the pres-
ent family of materials lies in formulations
and processes that result in superior prop-
erties, which include (1) much less shrink-
age during a supercritical-drying process
employed in producing a typical aerogel,
(2) much less shrinkage during exposure
to high temperatures, and (3) as a result of
the reduction in shrinkage, much less or
even no cracking.

Synthesis of a composite aerogel of
this type is based on a sol-gel process.
The first step is to make a silica sol by re-
fluxing and distilling a mixture of silicon
alkoxide (tetramethyl ortho silicate,
tetraethyl ortho silicate), a suitable sol-

vent (methanol, ethanol), water, and ni-
tric acid. The resultant concentrated sol
is then diluted with acetonitrile. The sec-
ond step is to prepare a solution for cast-
ing the composite aerogel: Fumed silica
(325-mesh powder having specific sur-
face area of about 200 m2/g) and silica
powder (particle sizes between 1 and 2
µm) are suspended in acetonitrile and
then the silica sol, water, and ammo-
nium hydroxide base are added to the
acetonitrile/powder suspension. The
amount of each component can be ad-
justed to suit a specific application. After
thus preparing the aerogel-casting solu-
tion, a piece of silica fiber felt (destined
to become the fiber reinforcement in
the composite) is placed in a mold.
Then the aerogel-casting solution is
poured into the mold, where it perme-
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ates the silica fiber felt (see Figure 1).
After the solution has gelled, the casting
is transferred to an autoclave filled with
acetonitrile, wherein the casting is sub-
jected to supercritical drying at a tem-
perature of 295 °C and pressure of 5.5
MPa.

Heretofore, neat silica aerogels had
been observed to undergo linear
shrinkages between 5 and 10 percent
upon supercritical drying. In tests of a
composite of the present type, the in-
corporation of the silica fiber felt has
been found to reduce the shrinkage to
a negligible level (see Figure 2). The sil-
ica fiber felt seems to strengthen the
aerogel and to serve as rigid framework
that prevents shrinkage. It has been
conjectured that the silica fiber felt di-
vides the volume of the casting into
small subvolumes, thereby confining
strain to relatively small unit spaces (be-
tween fibers) instead of allowing strain
to act over relatively large (millimeter
to centimeter) lengths.

In other tests, a neat aerogel exhibited
linear shrinkage of about 6 percent after
exposure to a temperature of 1,000 °C in
a vacuum for four hours, and an even
greater shrinkage (about 50 percent)
after four hours at 1,000 °C in air. In con-
trast, a composite aerogel of the present
type exhibited no apparent shrinkage
after 1 week at 1,000 °C in a vacuum, and
a linear shrinkage of only about 2 per-
cent after a week at 1,000 °C in air.
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Figure 1. These Images Depict Three Stages in the synthesis of a silica-aerogel/silica-felt/silica-powder
composite.

Figure 2. No Apparent Shrinkage was observed in a fiber-reinforced aerogel composite after super-
critical drying, whereas a neat aerogel composite exhibited a linear shrinkage of about 5 percent.
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