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Dynamic response of electro-optic effect in free-standing ferroelectric
liquid crystal film

Sadahito Uto, Hideyo Ohtsuki, Masanori Ozaki, and Katsumi Yoshino®
Department of Electronic Engineering, Faculty of Engineering, Osaka University, 2-1 Yamada-Oka, Suita,
Osaka 565, Japan

(Received 16 April 1996; accepted for publication 15 July 1996

A study of an electro-optic response in a free-standing ferroelectric liquid crystal film has been
carried out. The response time becomes shorter with increasing electric field and, especially at a
certain threshold of electric field, it changes in stepwise by three orders of magnitude. The response
time of the faster kind of response that appears in the higher field region is several hundred
milliseconds and is about one thousand times faster than the slower kind of response at lower fields.
© 1996 American Institute of PhysidsS0003-695(96)02137-7

Ferroelectric liquid crystals have been attracting considHe—Ne lasefA=632.8 nm impinged on the FS film with an
erable attention in the field of electro-optic devices becausecident angle of 45° and perpendicular to the applied field
of quick electro-optic effects. So far, various types of after passing through a polarizer andl/4 compensator. The
electro-optic effects using light scattering or birefringencediameter of the beam was about 1.5 mm. The optical axis of
change by field have been reported, such as, the deformatiadhe compensator was fixed with an angle 45° with respect to
of helicoidal structurt? and the transient scattering mddes  the incident plane of the FS film. The transmitted light was
the former types, and the surface-stabilized ferroelectric ligdetected by a photomultiplier after passing through an ana-
uid crystal(SSFLQO,” the soft mode ferroelectric liquid crys- lyzer. If we know a single layer thickness and principal re-
tal (SMFLC),> and the deformed helical ferroelecfrias the  fractive indices of liquid crystal, the thickness of the FS film
latter types. All of them have used the normal cells in whichcan also be calculated by this ellipsomeltyin this study,
liquid crystal is sandwiched between two glass plates. the single layer thickness of 1BC1EPOPB was estimated

On the other hand, a free-standifigS) film has been with x-ray diffraction as 3.4 nm. The principal refractive
studied as a thin two-dimensional liquid crystal system inindices of 1BC1EPOPB have not been measured yet, there-
which the smectic layers are oriented parallel to the FS filmfore, we used common values in FLC of 1.49 and 1.64 for
surface, that is, phase transition and regularly arrayed spomrdinary and extraordinary lights, respectively. However, it
taneous disclination lines in FS films have attractedshould be mentioned that evaluated FS film thickness does
attentions.™**Recently, the electro-optic behavior of FS film not change notably even if the refractive indices change
has also been reported by HfsHowever, electro-optic ef- slightly.
fects of FS film have scarcely been studied, especially con- A dynamic electro-optic response upon application of
cerning a dynamic response. rectangular wave form of voltage was measured. Since the

In this work, a study of a dynamic electro-optic responsebirefringence of the thin FS film was too small to detect by
in a free-standing ferroelectric liquid crystal film is carried using only the crossed polarizers, we also usec\fdecom-
out, and a discontinuous dependence of electro-optic repensator, and regulated the polarizer and the analyzer to be
sponse on applied electric field is reported. According tothe minimum transmission intensity when the negative field
polarized optical microscopic observations, a speculationvas applied. Figure 2 shows typical transmission responses
about a mechanism of the response is presented. of the FS film with 28 smectic layers, when an applied field

The ferroelectric liquid crystal wused in this is switched from positive to negative. It should be noted that
study was  R)-4-(1-butoxycarbonyl-1-ethoyy and the response speed is quite different depending on the ap-
4{4-( n-octyloxy)phenylbenzoate1BCIEPOPB™ All ex-  plied field. While almos1 s isrequired for the transmission
periments were carried out at 65 °C in the Stghase. change at lower electric field as shown in Figa)2 several
Free-standing film was prepared across two aluminum plateésundredus are required at high field as in Fig(b2 It has
that were also used as electrodes to apply the uniform elec-
tric field to the FS film. Two polyethyleneterephthalate
(PET) sheets were set between the aluminum plates, as I
shown in Fig. 1. The sample was loaded in the free area oeooge
surrounded by the Al plates and PET sheets. The gap length
between the Al plates was 2 mm. One of the PET sheets can . o Moy s 2
slide along the electrode to expand the FS film. By this pro-
cedure the thickness of the FS film can be varied. The FS
film was contained in an oven that allows light transmission.

For the electro-optic measurements, the beam of a

FIG. 1. The free-standing film geometry. At first, the movable sheet is
closed and the FLC is supplied to the gap between the two sheets. The FS
dElectronic mail: yoshino@ele.eng.osaka-u.ac.jp film is made by sliding the movable sheet.
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diately after the field reversal from positive to negatit@:for 0.05 kV/cm

FIG. 2. Transmission curves of the free-standing film for the various applied'n the lower field region anb) for 0.5 kv/cm in the higher field region.
field.

normal was inclined by 45° and the applied electric field was

been confirmed that the molecule can be sufficiently oriente@lways perpendicular to the direction of the observation. Fig-
even by low field** ure 4 shows the polarizing optical microphotographs of the
Figure 3 shows a field dependence of the response times film just after the field reversal from positive to negative.

that is defined as the time required for the transmissiomhe angle between the applied electric field and the azi-
change from 10% to 90%. It should be mentioned that thenuthal angle of the crossed polarizers was 45°.

response time discontinuously changes at about 0.2 kV/cm. \While a uniform state in which the molecules are uni-
The rise time at the higher field region is about one thousangbrmly oriented by the applied electric field is observed in
times faster than that at the lower field region. This suggestge higher field region thaiEy,, a multidomain texture is
that there are two types of the electro-optic switching in thegpserved in the lower field region, as shown in Fig. 4. The
FS film and they are distinguished at threshold fig|g. difference of the observed textures should be concerned with
In order to clarify the origin of the above anomalous the origin of the discontinuous property of the response
effect, the FS film with 28 smectic layers under a rectangulagPeed, and the mechanisms of this switching can be specu-
field of frequency of 0.05 Hz has been observed using ggted as follows.
polarizing microscope. The direction of the observation was  \yhen the polarity of the applied field is reversed, the

the same as the direction of the incident light used in th&jirector begins to be reoriented to minimize the electrostatic
electro-optic measurement discussed above. That is, the flllghergygp: —P,-E. The rotational sense of thedirector in
the film, however, has local variation, so that uniform texture
is divided into domains in which the-director points in the
different directions, resulting in the formation of disclina-
tions. In the case of the lower field, these disclinations are
squeezed inter wall or circular7 wall by the applied field!
That is, favorable domains in whiad, is minimum spread
with squeezing other domains with high . However, do-
mains and disclinations do not disappear immediately since
the electrostatic effect due to the low field is too small to
dominate the elastic energy. Namely, the optical switching is
i attributed to the alternation of the favorable domain under
001 the field and is accompanied by the movement of the discli-
nation. In other words, the behavior ofdirector at lower
0.001 L . field with keeping the domain structure is associated with the
}\ helical deformation at the low field that cannot wind the
. . . helix. This is the switching mechanism in the lower field
O oor 001 o1 1 10 region.
Applied Field (kv/cm) On the other hand, at higher applied field tHag, the
electrostatic energy overcomes the elastic energy and the

FIG. 3. Field dependence of the response time. Both lines in this figure arKinks of ¢ director at diSC"natiO_n are broken by a}pplied field, _
in proportion toE 1. so that the molecules are reoriented at once without compli-
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