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Mechanical vibration of freely suspended ferroelectric liquid-crystal film
excited by sound and electric field

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

(Received 30 April 1997; accepted for publication 12 June 1997

A study of the mechanical vibrations of a freely suspendesl ferroelectric liquid-crystal film has

been carried out. Upon excitations by sound irradiation and also by electric-field application, the
mechanical vibration of the FS film of the ferroelectric liquid crystal is effectively excited. In the
frequency dependence, resonance vibrations are observed for both excitations and the resonance
frequencies, and light reflection patterns are found to be different for both excitations, suggesting the
different oscillating modes of the FS film for both excitations. In electric-field excitation, the
vibration mode, which is consistent with the molecular model of the origin of the vibration due to

the reorientation oPg by P E torque is found. In addition, the application of the FS film of the
ferroelectric liquid crystal as sensitive acoustic sensors is proposed.999 American Institute of
Physics[S0021-89707)04018-9

I. INTRODUCTION The freely suspended film was settled at a height of 80
mm above an optical bench as shown in Fig. 1. An electro-
dynamic cone speaker was used as a sound source of the sine

g.as rec ent:;l/' a.t;racteij Imuihﬂﬁggennon ?':Sh a tlh'n tVéo'vvave. The sound source was settled at 270 mm above the FS
imensional iquid-crystal Systemm, because it has a fayered g, a change of direction of the reflected linearly polarized
structure and its thickness can be varied from only two Iayer§_|e_Ne laser light, whose electric vector is oriented in the

t_o several h“”dr?d !ay_ers. Almost all of the art|clgs on I:Snorizontal, was used to detect the vibration of the film. The
film of ferroelectric liquid crystal are concerned with pecu- beam impinged on the FS film with an incident angle of 45°
liar molecular alignments and phase transitions caused by &hd its reflection was detected by a photodiode located be-

surfa(r:]e mtSer?Ictlo.n or aS|ze| effsct. hat it i iv d hind a pinhole of 0.5 mm in diameter. The pinhole was
The FS film is extremely thin, so that it is easily de- settled at about 500 mm from the FS film.

6 ”
formed by the change of the pressure of°dir.should also An unidirectional moving coil dynamic microphone

be mentioned that this ultrathin FS film is stable for MOre A udio-Technica Corp.was used to detect the applied sound

than months. Therefore, the FS film is interesting as alave, and the applied sound pressure was measured by a

acogstic memk_)rane. In z_;\ddition, excitation of mech_ani(_:al V_i'precision sound level metgdapan Electronic Instruments

bration by a piezoelectric effect upon voltage application isco. Ltd).

expected in the FS ferroelectric liquid-crystal film. '

In this paper, the unique mechanical vibration excited bylll. RESULTS AND DISCUSSION

sound and alternating electric field was investigated. The mechanical vibration of the FS film is easily excited
by sound. This mechanical vibration induces a bend of the
FS film, which results in the oscillating change of the direc-

Il. EXPERIMENT tion of the reflection light. That is, the reflection light is

varied oscillatingly in its propagating direction and intensity,

depending on the sound frequency and sound pressure. As

. . ) shown in the inset of Fig. 2, upon sound irradiation, the

—18 and 72.9°C, and its spontaneous polarizafnis reflection light intensity ogserve(;3 by a photodiode changes

41.3 nC/cr at 25 °C. . .
. corresponding to the wave form of sound. Figure 2 shows a
The FS film was prepared across two metal blades. Two P g 9

polyethyleneterephthalat®ET) sheets were set between the

blades. The sample was loaded in the square-free area sur-
rounded by the blades and PET sheets at the temperature of
the SmA phase. One of the PET sheets can slide along the
blade to expand the FS film. These blades were also used as
electrodes to apply an electric field to the FS film. The dis-

tance between the electrodes was 3 mm and the expanded
square area was 9 nim PET

Freely suspende@-S) film of ferroelectric liquid crystal

Ferroelectric liquid crystalChisso, CS-1029is used in
this study. This sample has chiral smedigphase between

He-Ne laser Sound source Photodiode

electrode
FS film

dpresent address: Department of Electrical Engineering, Osaka Institute of
Technology, 5-16-1 Omiya, Asahi-ku, Osaka 535, Japan. Electronic mail:
suto@ee.oit.ac.jp FIG. 1. Schema of experimental setup.
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FIG. 2. Sound-frequency dependencies of the amplitude of the signal de-
tected by the photodiode. The sound pressure is 65 dB. The inset shows the
signals detected by the photodiode and the microphone.
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FIG. 5. llluminated pattern observed on the pinhole plé#e:during the
FIG. 3. Applied-field-frequency dependencies of the amplitude of the signahcoustic excitation(b) during the electric excitation, ar(d) both combined
detected by the photodiode. The applied field+$00 V/cm. The inset  excitation.
shows the signal detected by the photodiode and the applied field.

sound frequency dependence of the amplitude of the signal
detected by the photodiode. It should be noted in Fig. 2 that
there are several resonant frequencies at which the amplitude

500 is enhanced.
m 1644 Hz
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FIG. 4. Applied-field dependencies of the amplitude of the signal detectedIG. 6. The response signals detected by the photodiode during the acoustic,
by the photodiode. electric, and both combined excitation, respectively.
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FIG. 7. The response signals excited by several souafi$o a hand clap an¢b) to a man’s voice /al(c) /sa/,(d) /ta/, and(e) /na/, respectively.

An alternating electric field, which is applied parallel to The illuminated patterns of the He—Ne laser on the pin-
the FS film of the ferroelectric liquid crystal, can also inducehole plate located at the position of the detector were ob-
the mechanical vibration of the FS film, as shown in the inseterved under the excitations by the sound and electric field.
of Fig. 3. Figure 3 shows field frequency dependencies of thehe reflection laser beam from the vibrating FS film excited
amplitude of the signal detected by the photodiode. As evihy sound irradiation draws a cross on the pinhole plate, as
dent in Fig. 3, the resonance of the mechanical vibration wagnown in Fig. %a). That is, the reflection pattern is composed

also observed. However, it should be noted that there is gt (o parts, horizontal and vertical components. Here, hori-

difference in the resonant frequencies of the sound induceg, 15| means that it is parallel to the PET sheets at the edges
vibrations shown in Fig. 2 and the field induced vibrations

of the FS film. On the other hand, the vibration due to the

shown in Fig. 3. That is, resonant vibration modes are dIf'alternating electric field induce a vertical scanning of the

feirg?é db\?;t\:\: gﬁgntshe acoustically excited and the electrlcall%eam as shown in Fig.(B). This suggests that the wave
‘ i\,/ector of the vibration of the FS film is perpendicular to the

Figure 4 shows field dependencies of the amplitude o )
the signal detected by the photodiode at three different fre- ET and, therefore, parallel to the electrodes. That is, the

quencies. The amplitude is proportional to the applied fieldV@ve vector should be perpendicular to the direction of elec-
except for saturation. The molecules are vibrated in the ditfi field. This is consistent with the interpretation of the
rection of the molecular tilt by the alternating field applied Microscopic model of the origin of the vibration. The direc-
perpendicular to the molecular tilt. The microscopic molecu-tion of the molecular tilt is perpendicular to the dipole mo-
lar vibration due to the reorientation of spontaneous polarment of the molecule contributing ®s. Therefore, the re-
ization Ps by the Pg - E torque upon application of fiel& versal of Pg should accompany the reorientation of the
may induce the macroscopic mechanical vibration of the Fgnolecular tilt perpendicular to the field, resulting in the drive
film of the ferroelectric liquid crystal. The saturation meansof collective oscillating molecular reorientation in the direc-
that the reflection light was effectively detected by the pho-ion perpendicular to the field, in accordance with the light
todiode without loss. reflection pattern.

J. Appl. Phys., Vol. 82, No. 6, 15 September 1997 Uto et al. 2793



It should also be mentioned that the simultaneous exci¢2) In the frequency dependence, resonance vibrations were
tation by both sound irradiation and electric-field application ~ observed for both excitations.
induces a unique reflection pattern on the pinhole plate aé3) Resonance frequencies and light reflection patterns were

shown in Fig. %c). Corresponding to this pattern, the inter- found to be different for both excitations, suggesting the
ference of the acoustic and field excitations indicate the re- different oscillating modes of the FS film for both exci-
flection intensity modulation as shown in Fig. 6. tations.

The fact that the FS film can be easily excited by sound4) In electric-field excitation, the vibration mode in which
indicates that it can be utilized as a microphone and an arti- the wave vectors is in the direction perpendicular to the
ficial eardrum. Figure 7 shows the response of several -electric field was confirmed, which is consistent with the
sounds. The vibration of the FS film is detected by the same molecular model of the origin of the vibration due to the
method already mentioned and the signal from the photodi- reorientation ofPg by Pg - E torque.
ode is compared with a signal from a usual moving coil(5) The application of the FS film of the ferroelectric liquid
dynamic microphone. Figuregd, 7(b), 7(c), 7(d), and Te) crystal as sensitive acoustic sensors was proposed.
show the detected response signals by the FS film of the
ferroelectric liquid crystal to a hand clap and to four Japa-
nese syllables spoken by a man /a/, /sa/, /ta/, and /na/, respec-
tively. Every sound is detected satisfactorily. It should also
be mentioned that three consonants /s/, /t/, and /n/ can be alé§&KNOWLEDGMENT
distinguished in the signals satisfactorily. ) o

The lifetime of the FS film placed in the laboratory room Part of this work was supported by a Grant-in-Aid for
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