This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:58

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Advanced in Development IR Modulators
of Ferroelectric Liquid Crystals Utilizing
Transient Light Scattering Effects

Junya Kobayashi  , Jun-Ichi Kita @, Hiroshi Moritake ° & Katsumi
Yoshino °
& Central Research Laboratory, Shimadzu Corporation Kyoto, JAPAN

b Faculty of Engineering, Osaka University Suita, Osaka, JAPAN
Version of record first published: 23 Sep 2006.

To cite this article: Junya Kobayashi , Jun-Ichi Kita , Hiroshi Moritake & Katsumi Yoshino (1995):
Advanced in Development IR Modulators of Ferroelectric Liquid Crystals Utilizing Transient Light
Scattering Effects, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 263:1, 595-605

To link to this article: http://dx.doi.org/10.1080/10587259508033621

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508033621
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:58 18 February 2013

Mol. Cryst. Lig. Cryst. 1995, Vol. 263, pp. 595-605 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B. V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

ADVANCED IN DEVELOPMENT IR MODULATORS OF FERROELECTRIC LIQUID
CRYSTAL UTILIZING TRANSIENT LIGHT SCATTERING EFFECT

JUNYA KOBAYASHI and JUN-ICHI KITA
Central Research Laboratory , Shimadzu Corporation
Kyoto, JAPAN

HIROSHI MORITAKE and KATSUMI YOSHINO
Faculty of Engineering, Osaka University
Suita, Osaka, JAPAN

Abstract The highly efficient IR-modulation has been
achieved using LC electro-optic elements. Experimental
infrared modulator elements have been fabricated and
demonstrated utilizing the transient 1light scattering
effect of ferroelectric liquid crystal with asymmetric
waveform voltage drive. The new elements performed 80%,
50%, 40% and 25% modulation degree in the 632.8nm, 2, 3-5
and 8-12 um region. And we observed micro domain
structure under the scattering state by a polarizing
microscope to understand the mechanism of the domain
switching. In addition, we evaluated properties of the
scattering angular and temperature dependence quite
important for the design of optics for the application
in the infrared range.

1.INTRODUCTION

This research is based on the need to develop an 1liquid
crystal (LC) electro-optic IR-modulators in order to
interrupt periodically IR radiation and continuous output of
IR detector such as pyroelectric sensors. They provide new
functional application device, IR-imager or gas analyzers
having no moving parts, fast response time and large optical
aperture. The several LC elements was investigated but was
not seriously considered from the point of view of the IR
modulator design for the following reason (1)(2)(3). The
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twisted nematic effect makes low transmission due to
requirement polarizers and long optical pass in the IR
region. The dynamic scattering mode consumes large power to
drive and is not expected long term reliability. The
cholesteric-nematic phase change effect needs high voltage to
respond fast.

The transient 1light scattering mode with ferroelectric
liquid crystal (FLC) is also a viable modulator candidate(4).
The TSM is the electro-optic effect using the transmission
change at the instant of the domain switching by the polarity
reversal of applied field. But the response time to rearrange
from the scattering state 1is slow due to unwinding helical
structure. Our key finding in carrying out the modulation is
to use an asymmetric pulse drive in which the modulation
degree was considerably greater than the normally square-
wave drive. This effect is discussed in more detail below.
This new type ferroelectric liquid crystal IR modulator
offers an attractive solution.

2. EXPERIMENTAL

2.1 Preparation of the cell
Liquid crystals are essentially all organic molecules absorb

infrared radiation. Certain work has been published on the
infrared propertied of liquid crystals (3)(5). Our approach
is to choose the FLC materials and measure the infrared
transmission in the 2-12um range. Response time depends on
the spontaneous polarization. In the present experiments, the
FLC Merck and Chisso which have 2-5 nC/cm? of the spontaneous
polarization was employed .

And in the infrared region, liquid crystal having high
temperature transition point have to be used to be stable
under IR radiation. For that reason, we selected FILC

materials having Curie point higher than 60°C. The liquid

crystal cell with 100 um thickness has been constructed by

quartz crystal plates with ITO membrane which were separated
by polyester film spacer for the measurement in the visible
and near IR region. And also FLC was held between two
optically flat silicon substrates with anti-reflecting coat
which were sufficiently transmitting IR and conducting to
serve as electrodes. By application of surface treatments of
cotton rubbing, the molecules are aligned and the helical
axis of smectic C* layer of FLC are oriented parallel to cell
surface (homogeneous alignment ).
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2.2 FLC modulation experiments
A NF 4310 high voltage amp was used with HP8225 signal

generator to provide the waveform. Tektronix 7834 storage
oscilloscope was used to monitor the waveforms. The
modulation degree defined with the difference between the
transmitted and scattered light intensity of a He-Ne laser
light (632.8nm) through a cell was monitored with PIN photo
diode. And the IR experimental setup included a black body
radiation source used with separate band-pass filters

covering the 2, 5 and 10um and Belov Technology HgCdTe

sensor to detect the 2-10 um IR. And the evaluation of the
scattering anqular dependence was employed the ceramic heater
as the light source and Shimadzu PLT LiTaO3 pyroelectric
sensor.

3. RESULT AND DISCUSSION

3.1 Asymmetric pulse-wave drive
According to TSM, by the application of dc bias voltage, the

helical structure of FLC is unwound and appear the
transparent state. When the polarity of the applied field is
reversed, the direction of spontaneous polarization is
reversed and the high transmission state through the cell
become opaque state quickly derived from the turbulence
which is considerably associated with the helical structure
of FLC. Therefore the applied square drive allow continuously
switching between the transparent and opaque state. So that,
two sorts of the transparent states exist on both of the
polarity sides. But this drive method can not follow the fast
switching because of slow response to unwound the helical
structure.

Figure 1 provides a summary of the results obtained from the
FLC cells measured in the visible region, using the normally
square-wave drive (a) and rectangular-wave drive with the 60%
duty ratio (b) and 70% duty ratio (c). Figure 2 shows the
same modulation results as fig.l obtained from <the FLC cells
driven at square wave with bias voltage , using the normally
square-wave drive (a) , with 10V bias (b) and with 20V
bias (c).This asymmetric operation introduced remarkably
higher modulation degree and faster response of light
switching than that by means of 50% duty ratio without dc
bias voltage of square wave drive. The modulation degree is
found to be obtained maximum 80% under these asymmetrical
method.
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Fig.1 Oscillograms demonstrating modulation of He-Ne laser radiation at
controlled rectangular wave voltage. Upper trace cotresponds to
polarization reversal current, 80V peak-peak, 70Hz :, (a) duty ratio 50% (b)duty
ratio 60% (c) duty ratio 70%). Modulation output provides lower trace between
two lines. ( Top line is transparent without LC cell, lower line is completely
blocked light beam ).

Fig.2 Oscillograms demonstrating modulation of He-Ne laser radiation lower
trace corresponding to polarization reversal current wave at electrically
controlled rectangular wave voltage (BOV peak-peak 70Hz : (a) bias OV (b)bias
10V (c) bias 20V ). Center trace is modulation output between two lines. Top
line is transparent without LC cell, lower line is completely blocked light beam.

But the excessive duty ratio or bias voltage reduced th:
modulation degree.

Figure 3 indicates, for example, the dependence on the duty
ratio. By the way, compared with (a) method,the asymmetric
drive provide the transparent state at an alternative side of
the voltage polarity , while the other side is still opaque
state. This result suggests that higher contrast arose from
unsuccessful domain switching due to interruption of the
growth of reversed scattering domain(6). The polarization
reversal current also depends on this drive waveform, showing
even (c¢) state which was observed 1little polarization
reversal current peak occurring on the transient 1light
scattering phenomenon, which means that only certain parts of
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Fig. 3 Dependence of modulation degree on the duty ratio of rectangular
pulse with two kinds of FLCs, (a) MERCK ZL14237 (b) ISC-103 Chisso

bulk of FLC would contribute to the high and fast scattering
domain switching(7).

And we observed micro domain structure under the
scattering state by polarizing microscope to understand the
mechanism of domain switching,as shown fig.4. Fig.(a)
corresponds to the opaque state with transient 1light
scattering structure and fig.(b) corresponds to the
transparent state with dc voltage drive.

()

Fig. 4 Polarizing microscope photographs of FLC showing (a): opaque
state transient light scattering structure (b). transparent state with DC
voltage drive.

As shown (a), many micro domains having dimensions of about
5um appear at the scattering state. This domain would derive
light scattering as turbulence grains. The light scattering
in liquid crystal has been interpreted as a 'Tyndall' (3)
effect with three parts of areas. Firstly, when the
scattering regions are large compared with the wavelength,
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the amount of scattering is independent of wavelength.
Secondly, when the scattering regions are of the same order
as the wavelength the scattering intensity is a maximum (Mie
scattering). thirdly, when the scattering regions are
smaller than the wavelength the total amount of scattering
decreases as A~%4. The result as shown fig.1l, 2. suggests
that the scattering grains size may be different among the
drive condition , duty ratio or bias voltage because of the
different scattering intensity. That means TSM have the
potential use at longer wavelength, if the scattering region
size is optimized to obtain the maximum scatter at the
desired wavelength under controlled drive condition.

3.2 IR-modulation

Figure 5 show the result of the measurement of the modulation
degree with various applied rectangular wave voltage at 63%
duty ratio and 90 Hz drive frequency,employing the three
different kinds of FLCs.
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Fig. 5 Voltage dependence of modulation degree at 2 um wavelength

with various FLCs. FLC:(a) Merck ZLi 4237 (b)Chisso cs1014 (c)
Chisso cs1017

The property of them gave different transition temperature,
spontaneous polarization and helical structure etc.
Indicating as the behavior of the material (a) and (b),
extremely turn out lower in the modulation degree as decrease
in the applied field above threshold (about *5V at 100um
thickness), while almost independence of the voltage under
higher voltage drive. From these result, the size of the
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scattering regions would considerably change at low applied
field . There may be scattering grain to apply to the A-4
law. Figure 6 1is the polarizing microscope photograph of
ZLI 4237 as fig.5 (a) material showing the dependence on the
applied voltage with 600Hz square wave . But unfortunately in
the present study, we could not observe the instantly
appearing micro domain under the asymmetric drive method.

+150V

Fig. 6 Polarizing microscope photographs of scattering structure of FLC
Merck ZLI 4237 at different square wave drive voltages, (a) 50V (b)*
75V {c)x 150V, frequency 600Hz.

110..08

110.08

|
[
100,00 \, . . -_1_____ 106.00

50.00_]

' A\.\ o L s

transmittance (%)

0.0000 i , | : | : 0.9000
l
0.0 0.0 0.0 1500.0 000.0 0.0

wave number (cm-1)

Fig. 7 Curve a :infrared transmission spectrum of FLC with BaF2
windows, curve b : transmission of the empty cell, curve c: transmission
of FLC held in a 100 um cell for 3-5 um modulation.

The figure 7 shows infrared transmission spectrums of FLC
employing ZLI 4237 with BaF2 window, the empty cell and FLC
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held in a 100um cell for the 3-5um modulation. As shown

spectrum (c¢), there was enough high transmission to introduce
the high modulation degree.

modulation degree (%)

1000 10K

modulation frequency (Hz)

Fig.8 Dependence of modulation degree on drive frequency as a
function of drive voltage with IR modulation

The performance of this elements was exhibited as fig.8.
Dependence of modulation degree on drive frequency indicates
the achievement of the 40% and 5kHz modulation at *300V ,
60% duty ratio drive.

(a) (b)

Fig.9 Oscillogram demonstrates IR-modulation output at 5 um
wavelength of silicon cell with 100 um thickness under rectangular
wave voltage, (a) duty ratio 50% (b) duty ratio 60%. (Top trace and

bottom trace corresponds to drive waveform and modulation waveform
respectively.

Normally TSM was supposed to need high electric field to
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drive but even lower applied voltage (*20 ,200Hz,60% duty
ratio) which is gquite important for the application has
also found to provide sufficient modulation as shown fig.9.
Those results suggest that the highly scattering grain
derived from the low voltage drive on the present method
induced the efficient modulation. The detail about the
relation between the applied voltage and the size of the
scattering domain is not clarified yet.

The modulation in the 10um region was also evaluated and
resulted in 25% modulation degree caused probably by the
strong IR absorption due to the intra-molecule vibrational

modes of FLC occurring in the 7-14 um.

3.3 Anqular dependence
Figure 10 shows the result of the measurement of the angular

dependence of the modulation degree in the 3-5um region
employing the ZLI4237 FLC under *20 ,200Hz,60% duty ratio

pulse drive method. There was a broad peak after decrease in
the modulation degree as increase in the set up angle.

il

(] .

modulation degree (%)

scattering angle (° )

Fig. 10 Scattering angle dependence of modulation signal output
with pyroelectric sensor in the 3-5um region.

This suggests that the mainly scattering angle was included
in the 10-15° low angle which would be related with a part of
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the fast response domain switching(6)(7). Firstly, the
director in bulk rotates allows the fast response of
scattering and secondly, the nucleation and the growth of
the reversed domain occurs on the cell surface slowly to
complete the reversal of the spontaneous polarization. In our
present method to modulate IR, the corresponding fast stage
may contribute to the domain switching.

3.4 Temperature dependence
Modulation degree was found to be flat under 25-42°C,

decreases on lower temperature due to slower response to
applied field because of increase in the rotating viscosity
and slightly decreases on higher temperature also due to
slower response because of decrees in spontaneous
polarization approaching the Curie point. In addition,the
scattering intensity was influenced by the nature of FLC,
dependence of helical structures.
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Fig. 11 Temperature dependence of IR-modulation degree.

This FLC have 60°C of Curie point which has to be set point

by selecting material especially for IR application to
require wide temperature margin .

4 .CONCLUSION

The highly efficient IR-modulation has been achieved
using the asymmetric waveform voltage drive. The new elements
performed 80%, 50%, 40% and 25% modulation degree in the

632.8nm, 2, 3-5 and 8-12 um region. And we observed micro
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domain structure under the scattering state to understand the
mechanism of domain switching. In the preset study, we could
not observe the strong scattering grain on the new method.
The detail about the relation between the applied voltage
and the size of the scattering domain would like to be
clarified next. In addition, we evaluated the dependece of
the scattering angle and found to be the origin of the fast
switching. We also measured the temperature dependence.
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