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ELECTRIC FIELD HYSTERESIS EFFECTS IN THE
TRANSMISSION PROPERTIES OF LIQUID CRYSTALS

By Louis Melamed and David Rubin
Electronics Research Center

SUMMARY

Certain room-temperature cholesteric liquid crystals are
capable of retaining information on their past history of electric
field excitation by exhibiting marked changes in their optical
transmission properties. The information retention slowly decays,
but, in many cases, persists for at least several days following
the removal of excitation. Thus, 100 volts applied across a 25u
sample for 10 minutes caused a change in transmission at 50008
from 75 percent to about 22 percent. Sixty hours later, the
transmission was about 48 percent.

INTRODUCTION

Certain cholesterol compounds possess a liquid crystal, or
mesomorphic phase in which such optical properties as reflection,
transmission, and optical rotation can be affected by electric
fields (refs. 1,2,3). Hysteresis in these effects has been noted
in studies of optical reflection (refs. 1,2). Using materials
similar to the ones to be discussed here, Harper (ref. 1) report-
ed that the reflectivity of his samples did not return completely
to their initial state after electric fields were removed.

Muller (ref. 2) using cholesteryl nonanoate noticed a retention
of the "acquired brightness" of his samples after the removal of
an electric field.

Heilmeier and Goldmacher (ref. 4) have reported that optical
storage capabilities can be added to the normal dynamic scatter-
ing observed in anisylidene-p-aminophenylacetate, a nematic
liquid crystal, by the addition of ten percent of cholesteryl
nonanoate. This mixture retains the optical properties of a
nematic liquid crystal.

This note discusses hysteresis observed in the optical
transmission of cholesteric materials subjected to electric
fields. The magnitude and duration of the fields were varied
and the hysteresis effects were recorded for periods up to 60
hours.




TECHNICAL APPROACH

The material examined was a mixture of three cholesteric
liguid crystals; 34.0 percent cholesteryl chloride, 26.4 percent
cholesteryl nonanocate, and 39.6 percent cholesteryl oleyl car-
bonate. This mixture was chosen because of its room-temperature
cholesteric state and because of its relative temperature insensi-
tivity. Mixtures of these three materials were originally sug-
gested to us by J. Fergason as being relatively temperature-
insensitive. Measurements in our laboratory indicate a tempera-
ture sensitivity of 50R&/°C.

The material was examined as a l-mil thick sample between
sealed quartz plates. Teflon tape provided the spacing, and the
assemblage was then sealed with a high-melting temperature wax.
The inside surfaces of the cell had been coated with a transpar-
ent layer of tin oxide to which electrodes were attached, thereby
allowing electric fields to be applied along the direction of
light propagation.

The transmission properties of the cell before, during, and
after electric field excitation were recorded using a Coleman
Model EPS-3T Hitachli ratio recording spectrophotometer. The
sample temperature was maintained at 30°C + .5°C. No apparent
deterioration in the material was observed during several tens
of on-off field cyclings.

At the beginning of each run the "memory" of the previous
state was "erased" by heating the sample to isotropism and then
the mixture was allowed to cool back to the cholesteric state.

MEASURED DATA AND THEIR INTERPRETATION

Curve I of Figure 1 plots transmission vs wavelength for
the initial state. Curve II results from applying 100 volts
(40,000 V/cm) to the sample. When the field is removed, curve
IIT results which is intermediate in transmission properties
between the initial state and the excited state. Curve III,
however, is quasi-stable and slowly drifts upwards in the dir-
ection of the initial state. This drift amounts to only several
percent transmission change after several hours; after a period
of 60 hours, however, curve III has recovered to about midway in
transmission between state III and state I. Heating the sample
to the isotropic phase and re-cooling re-establishes state I.

Although not evident from Figure 1, smaller electric fields
caused both a shift (to shorter wavelengths) and a broadening of
the transmission minimum. However, at 100 volts the combination
of these two phenomena effectively masked the transmission



minimum despite the fact that the material, in a separate ob-
servation, still displayed a reflection peak at 100 volts exci-
tation. Thus, the reflection properties of this material are
believed to be similar to those of cholesteric materials of the
type reported by Harper (ref. 1) and others.

A more detailed examination of the influence of field
strength and field duration on transmission at 50008 is plotted
in Figure 2 and reveals several new features. Little hysteresis
is observed in the 25-volt case. The response time to an elec-
tric field is inversely related to the voltage. Thus, the "3 dB"
response time is about 100 seconds at 25 volts, 45 seconds at
50 volts, and about 14 seconds at 100 volts. It is apparent
from Figure 2 that even after 10 minutes of steady field appli-
cation, the transmission of the material is still changing. In
each case, upon removing the applied voltage, the transmission
of the material slowly starts to recover back to the initial
unexcited state. For a l0-minute on-time, the recovery rate is
very long at least for the 100-volt case. In the latter case,
observations made on samples excited for 10 minutes and then left
undisturbed revealed that after 16 hours, the transmission had
increased to about 45 percent and 60 hours later it had increased
to about 52 percent or roughly half-way between the excited and
unexcited states. In each case, heating the material to iso-
tropism and re-cooling to room temperature re-established the 75
percent transmission for the unexcited state. As attempt was
made to investigate the effect of shorter field-on times on the
storage time capability of this material. For 100 volts applied
for 5 seconds, it only took 13 seconds for the transmission to
recover to the 3 dB level; for 30 seconds on, it took 7 minutes,
and for 90 seconds on, it took 28 minutes. No attempt was made
to observe the decay times for on-times greater than 10 minutes.
One curious feature of the 100-volt curve in Figure 2 remains
unexplained. It is not clear why, after about 3 minutes of an
applied voltage, the transmission starts rising again. Evidently
there exist unknown long-range dynamic effects in the internal
structure of these materials. This minimum transmission at about
a 3-minute interval has been observed repeatedly.

The possibility was eliminated that the slow decay rate of
the transmission following field removal was related to capaci-
tive field effects in the structure. Shorting out the two con-
ductive surfaces enclosing the cholesteric material, did not
influence the optical behavior.
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Figure l.- Hysteresis effects in the transmission of liquid
crystals subjected to a 40,000-V/cm field
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CONCLUSION

An electric field hysteresis effect in the transmission
properties of a mixture of three cholesteric liquid crystals has
been demonstrated. The effect is a function of the magnitude
and duration of an applied field. The hysteresis slowly decays,
but, in many cases, persists for at least several days following
the removal of excitation.
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