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Electro-optically active polymer—liquid crystal composites based on ferroelectric liquid crystals and stretched
porous polyethylene films were developed. The alignment of ferroelectric liquid crystals incorporated into the
porous polyethylene films with average porous diameter of around 200 nm was observed and studied. It was shown
experimentally that these samples containing ferroelectric liquid crystals are flexible electro-optical films exhibiting
a saturation electric field near 2-107 Vm™ and a response time of about 30 ps under the action of the saturation
field. A simple theoretical model of ferroelectric liquid crystal molecules’ complete reorientation in electric fields
inside pores of the films has been proposed and confirmed experimentally.
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1. Introduction

In recent years, the study of liquid crystals in confined
geometry (LCCG) has been an active area of research
[1-6]. It is common practice to distinguish two main
types of LCCG creation: polymer-dispersed liquid crys-
tals (PDLC) and micro-confined liquid crystals (MLC).
PDLC films are usually produced from a suspension of
a liquid crystal and a polymer [7-12] in which liquid
crystalline droplets with typical sizes of around
1-10 pm are encapsulated. Micro-confinement is con-
sidered as a simple insertion of liquid crystals into pre-
prepared porous structures of polymer sample [13-15].
It should be mentioned that PDLC and MLC have
similar complex multilayer dielectric structures.

The electro-optical behaviour of PDLC, which
manifests mainly as electrically controlled modulation
of the light scattering (see, for instance, [7, 8]) is very
well understood where the liquid crystalline droplet
size is not less than 0.5 pum. PDLCs containing dro-
plets of liquid crystal smaller than 100 nm have also
been prepared to evaluate their potential as electro-
optic materials for waveguide-type devices based on
electrically controlled birefringence at negligibly small
light scattering [16].

In our present work we have developed an electro-
optical media based on LCCG, where the key is the
birefringence, rather than scattering, similar to
Matsumoto et al. [16]. However, we prepared not
PDLC but MLC films based on stretched porous
polyethylene (PE) with average pore size of about
200 nm, and ferroelectric liquid crystal (FLC).

In our recent research [17-19], this type of oriented
porous polymer material was successfully used for the

development of new classes of photochromic LC com-
posites with photovariable optical properties, such as
dichroism, birefringence, optical density, etc. It was
shown that the introduction of nematic mixtures into
the PE pores results in perfect orientation of LC director
along the stretching axis of PE. Eventually, this orienta-
tion leads to the appearance of significant dichroism
and birefringence, which can be controlled by the elec-
tric field, while the light scattering in the visible spectral
range is small. Indeed, the electro-optic effect was
observed in 10 pm stretched porous PE films filled
with nematic liquid crystals (NLCs), but we were not
able to reach the saturation voltage because of electrical
breakdown of the film at a voltage of 300400 V.
Generally, the saturation voltage drastically
increases with decreasing liquid crystalline droplet
size, a common property and drawback of LCCG
[15]. In the present paper we focus our attention on
the creation of an electro-optically active LC-PE com-
posite with evident saturation of the electro-optical
response through the use of a FLC instead of an NLC.
It should be emphasised that the lowering of the
saturation voltage is one of the main problems in the
development of electro-optical LC-PE-based compo-
sites. If a liquid crystal is placed as one of the layers of
the multilayer MLC dielectric structure then the vol-
tage applied to the liquid crystal is always consider-
ably less than the voltage applied to the whole
structure. In other words, a very complex voltage
divider between polymeric and liquid crystalline sub-
layers of liquid crystalline—polymeric compositions
exists. A dividing ratio of the divider plays a key role
in the electro-optics of PDLC and MLC, because the
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voltage applied just to the liquid crystal must be high
enough to overcome the threshold voltage and to
achieve the saturation voltage of the liquid crystalline
layer at corresponding boundary conditions. Therefore
we will start our analyses by evaluating the voltage
applied to the liquid crystal included in the multilayered
MLC dielectric structure.

2. Multilayer dielectric structures including a liquid
crystal: theoretical considerations

2.1 Electric field inside elementary multilayer
dielectric structure including ferroelectric liquid crystal

As a first approach, let us consider an elementary layer
of FLC placed between two dielectric layers (Figure 1).
As has been demonstrated (see, for instance, [20, 21])
the FLC possesses the spontaneous polarisation P,
therefore a depolarisation electric field exists in the
multilayer dielectric structure including the FLC layer
[22]; see Figure 1.

If the P, vector is aligned along the y axis (Figure 1),
the requirement of the continuity of the dielectric displace-
ment vector D in dielectric multilayer structure yields [23]:

e0e' E' = goeE + Py = D, (1)
where E/ and E are the electric field strength in poly-
meric and liquid crystalline layers, respectively, and g is

the dielectric permittivity of a vacuum. A distribution of
the electric potential along the y axis can be written as:

2'E' + dE = V. )

The solution of Equations (1) and (2) has the form:

2P.d
E e pon = E V0= 2Bs/e0)d _ Vo L9 3)
e 2ed + e'd d 1424
» v
0 d+2d'
FLC

Figure 1. A simple representation of the multilayer
dielectric structure including the ferroelectric liquid crystal
(FLC) is shown. Here, d is the FLC layer thickness, ¢ is the
FLC dielectric permittivity, and d" and &' are the thickness and
dielectric permittivity of polymeric layers surrounding the
FLC, respectively. The solid line represents the distribution
of the electrical potential along the y axis if the voltage V is
applied to the structure. The electric field E is applied along
the y axis. (Reproduced with permission from Lagerwall [21].)

According to our former definitions, £ is the electric
field tension in the FLC surrounded by two dielectric
layers: E = Epyc.

If the applied voltage V) is switched off, then the
so-called depolarisation electric field E2, . remains
in the FLC. This field direction is always opposite to
the field created by the applied voltage (it follows
from ‘-’ sign in Equation (3)) and its magnitude can
be evaluated from Equation (3) at V, = 0. So, we
have:

—2(Py/e0)d

ER = .
FLC ™ 2ed +¢d

(4)

The depolarisation electric field always exists
inside FLC droplets of both PDLC and MLC, even
if the external electric field is not applied at all. It
partially compensates the external driving electric
field which results in an increase of the driving electric
field, which is necessary for complete reorientation of
FLC molecules under the action of the field.

Let us estimate E?, - in FLC placed inside porous
PE films, if d = d’ = 200 nm, ¢ = 5 (a typical magnitude
for liquid crystals), &’ = 2.25 (dielectric permittivity of
PE) P, = 5-10~* C m” — the spontaneous polarisation
of the FLC that was used in our experiments. Taking
all necessary parameters listed above for evaluations,
we obtain from Equation (4) E2,. =92 -10° Vm™.
According to this very rough estimation, a complete
reorientation of the FLC director and, correspond-
ingly, the electro-optical response with a saturation
level can be observed if the electric field E applied
just to the liquid crystal is not less than EZ, ..

Consequently, the voltage Vzzc, which must be
applied directly to the liquid crystal in the pores for
observation of the electro-optical response, is not less
than:

Vire = EI?LC -d, (5)

where d = 200 nm is the averaged porous diameter.
The result of this evaluation gives a very rough estima-
tion of the necessary applied voltage V > Ve =
1.8 V. Of course, the voltage applied to the film must
be considerably higher, since PE is about half the
volume of the film and division of the voltage between
PE and liquid crystal is quite sophisticated. We will
estimate this division now.

2.2 Electric field inside elementary multilayer
dielectric structure including nematic liquid crystal

As is well known, NLCs possess no spontaneous
polarisation. Substituting P, = 0 to Equation (3) we
obtain the electric field Eny ¢ in the NLC surrounded
by two dielectric layers, as shown in Figure 1:
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There is no depolarisation electric field in the NLC if
the applied voltage is switched off. The voltage Ve,
applied to the NLC, can be evaluated according to (6) as:

Vo

2ed’”
1+8/d

(7)

Vnie = Ence -d =

In fact, we simply have a voltage divider in this case
with a division factor:

2¢ed
DRyic =1 +Wa (8)

as follows from Equation (7). An estimation of the
division factor at the same parameters as before: ¢ =
5,¢ =225,d=d =200 nm gives us DRy, = 5.4.

2.3 An apparent division factor of elementary
multilayer dielectric structure that includes the
Sferroelectric liquid crystal

Starting from Equation (3) we have:

_2prd
Voe &
Vire = Epped = Vo - ———2, )
1+2Ld
dd

and we can obtain from Equation (9) the apparent
division factor DRA gy ¢ of this structure:

+ 2s/,dl
DRAprc = —5%. (10)
1 N Vué/SO

The DRAp; - magnitude and sign depend on V; and
P,. The case DRAr;c < 0 means that the depolarisa-
tion electric field magnitude is higher than the electric
field from the applied voltage V). If P;#0 and:

Vot eg>>2P,d (11)

then DRAr; > 0 and its magnitude tends to minimum,
which is equal to DRy; s (see Equation (8)). Equation
(11) indicates that for decreasing of DRAp; > 0 we
should optimise our composite properties by increasing
Vy, ¢, d values and by decreasing P;, d’ values.

2.4 The saturation voltage of multilayer dielectric
structures including liquid crystals

It has previously been shown [15, 24] that the satura-
tion voltage of electro-optical effects in MLC
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structures strongly depends on a torque, which acts
on liquid crystalline molecules in the electric field E;
applied to liquid crystal. The torque is proportional to
the volume density of the free energy W of interaction
between the liquid crystal molecules and the electric
field. Amplitude value W7 of Wy is expressed for NLC
as [25]:

ASS()ENLC

WEINLC = 81 ) ( 1 2)

where Ag¢ is the NLC dielectric anisotropy, while for
the FLC inside MLC structure:

WgFLC = Ps(EFLC - Ech)v (13)

as we postulated here.

To calculate the dependencies of Wy, ~ and Wi,
on the voltage applied to the porous PE film filled in
liquid crystals, we made a very rough approximation:
the film was replaced by a kind of model multilayered
structure, consisting of a sequence of 25 layers, identical
to the one shown in Figure 1 with d = d’ = 200 nm.
Under this model, the voltage V" applied to the film is
defined as: V=25 V. Parameters for evaluations: A¢ =
20forNLC, P,=5-10*Cm~for FLC,& = 5,¢' =2.25.
Equations (3), (4), (6), (12) and (13) were used for
evaluations; the result is shown in Figure 2.

For a complete reorientation of the liquid crystal
molecules under an electric field in the pores and,
consequently, for the achievement of saturation of
the electro-optical response, the following conditions
should be satisfied:

[\

24

A Qo
WENLC(V) Z 77 (14)
2W,
A 0
Wine(V) > =2, (15)
3,51
3,0 4
C:E\ 2,5 WzENLC
m>> 2,0 — Weric
o
= 15 s
<§m 10] Ve \i:‘_LC
' 2Wq/d
0,5
0,0 T T " "
0 200 400 600 800

V = 25"V, (volt)

Figure 2. Evaluated dependencies of Wi, . and Wa., -
dependent on the voltage applied to the model of 10-um
thickness multilayer dielectric  structures, including
polyethylene layers and layers of nematic and ferroelectric
liquid crystals.
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where W, is the anchoring energy coefficient of
Rapini potential [26] evaluated experimentally for a
pair ‘polymer—liquid crystal’. In other words, to
achieve saturation it is necessary that the volume den-
sity of the free energy W of interaction between the
liquid crystal molecules and the electric field should
exceed the anchoring energy, normalised per unit
volume: 2Wyld.

In principle, we can write Equations (14) and (15)
suggesting predominantly a spatially uniform distri-
bution of the director of liquid crystal in the pores.
That means we neglect the elastic deformation of the
director field completely and attribute the switching
solely to the competing effects of electric field-induced
director reorientation and surface anchoring, assum-
ing a uniform director alignment and reorientation.
This assumption is always valid if the distance
between the solid surfaces confining the elongated
droplets of liquid crystal is less than some critical
value [27]. The physical meaning of the last statement
follows from the fact that the contribution of the
anchoring energy in the free energy is inversely pro-
portional to the distance between the surfaces, but
the contribution of elastic energy is inversely propor-
tional to the square of the distance. Here we simply
assume that the distance of 200 nm is already critical,
therefore neglect the elastic energy. Experimental
proof of the validity of this assumption is contained
in section 4.2.

A typical value of Wy = 10~ J m™> was taken from
Kiselev et al. [28] to calculate the 2 W /d magnitude.
The result of calculation 2Wyld = 5102 T m™ is
plotted in Figure 2 as a dotted line to find points of
intersections of dependencies Wiy, (V) and Wiz, (V)
with 2Wyld level. Just these intersections indicate the
calculated values of saturation voltages: V3, . > 145V
and V3, ~ > 620V (see Figure 2). So, calculations show
that V3, -<<V3,.. even for a case of NLC possessing
very high dielectric anisotropy Ae = 20. Taking into
account the abovementioned estimations, we have
used the FLC mixture for PE-based composite
preparation.

3. Experimental details

3.1 General properties of the FLC that was used for
filling into the nano-porous PE films

FLC-582 developed in P.N. Lebedev Physical Institute
of the Russian Academy of Sciences was used in our
experiments. This mixture contains several com-
pounds, whose chemical structure and content (in
wt%) are presented in Table 1.

The phase transitions of FLC-582: Cr 2°C SmC*
45°C SmA* 68°C 1. The phase transition temperature

Table 1. Chemical structure and content of compounds (%)
in FLC-582.

=N
25.8
C8H17_<\:'\/l>>©_OCGH13
=N
32.2
06H13<\:,\/l>>©_008H17
N
- 19.3
CaH17o_<\:’\/l>_©_C6H13

FiCu /CFs 227
e - 4
/ \
H13Ce CeHys

of the FLC-582 to isotropic phase (68°C) is considerably
less than the melting point of the PE porous film
(120°C), therefore the permeation of the porous PE
film liquid crystal produced in the isotropic phase at 7'
= 90°C.

Temperature dependencies of the spontancous
polarisation and rotational viscosity v, of FLC-582
are presented in Figure 3. The molecular tilt angle § =
22.5° of this FLC at room temperature is the most
appropriate for electro-optical measurements.

Let us specify a very low rotational viscosity of the
FLC - this parameter is even lower than the rotational
viscosity of most NLCs.

A remarkable feature of FLC-582 is the minimal
value of ~,, /P, ratio. This ratio was selected for two
reasons: first, in order to provide a very fast electro-
optical response; and second, in order to reduce the
frequency dispersion of the saturation voltage, that
results in enhancement of V}, -(f) with the increasing
driving voltage frequency. A parameter of the disper-
sionis vy, /Psd [15, 23], therefore diminishing the v, /P
ratio is very important to shift the dispersion to the
higher frequency.

Y, (Pac) P¢( nClcm?)
0,08
%9, 160
%,
** °o¢°°
0,06 *, %%, 150
* %
* 000 140
* O°
* )
0,04 - o %, 130
* ** 00
o ° 120
0,02 - * Yo ****** %
*. ) 4
* *ay, 000 10
*** '
0,00 . . 0

10 15 20 25 30 35 40 45 50
T (°C)

Figure 3. Temperature dependencies of the spontaneous
polarisation and rotational viscosity of the FLC-582.



13: 57 25 January 2011

Downl oaded At:

3.2 Preparation of experimental samples

Microporous films of PE were obtained from commer-
cially available PE of low density (M,, = 1.4 10°, M,/
M, = 6-8, T,, = 132°C) according to Elyashevitch
et al. [29]. During extrusion and stretching processes
polymer films are deformed, and a porous structure
with pores sizes of about 50-500 nm is formed. Pore
size distribution was measured by the filtration poro-
metry method, as shown elsewhere [29]. Film thickness
was about 10 um. Figures 4(a) and (b) demonstrate
scanning electron microphotography of stretched por-
ous PE film, and pore size distribution. Electron
microscopy reveals a large number of microcavities
and thin fibres oriented along the stretching direction
(Figure 4(a)). As seen from Figure 4(b), the average pore
size is relatively small, about 200 nm.

Both PE porous film and FLC were heated to a
point higher than the temperature of the FLC phase
transition to isotropic phase, but lower than the melting
point of the PE film. Porous PE films were filled
with the LC mixture under the action of capillary forces
at T = 90°C, corresponding to the isotropic state of

101 M
o
£ 057
c
[Z=]
0.0 HDDDDDDE:::
160 200 240 280 320 360 400 440 480 550 640
d (HM)
(b)

Figure 4. (a) Scanning electron microphotograph of
stretched porous polyethylene film used for composite
preparation; stretching direction is vertical, white bar
corresponds to 1 um. (b) Through pore size distribution
for the same film measured as described in Elyashevitch
et al. [29].

Liquid Crystals 521

(a)

Figure 5. Polarising optical microphotographs showing
textures of the porous FLC-PE composite film (10 pm): (a)
the angle between the polariser plane and the main direction
of porous long axes is 0° (dark state); (b) the angle between
the polariser plane and the main direction of porous long
axes is 45° (transparent state); the images area is 100 um x
130 um (colour version online).

FLC-582. After this procedure the films were cooled
down to room temperature and ITO-covered glass was
attached to the films. As a result, satisfactory alignment
of the FLC molecules inside the porous was achieved
(Figure 5).

The light transmission of the dark state (Figure
5(a)) in white light was Ty- =~ 0.015, while the bright
state (Figure 5(b)) was T,5- = 0.6. That means the FLC
alignment quality inside the pores of the film is high,
with a ratio of light transmission 7s- / Ty = 40.

3.3 Electro-optical set-up

Electro-optical measurements were carried out using
an ordinary electro-optical set-up (Figure 6) based on
He—Ne laser (or a source of the white light), LeCroy
oscilloscope and rotating table for adjusting of angu-
lar position of FLC cells placed between crossed

!
A ———

Figure 6. Scheme of the electro-optical set-up: 1 is the
voltage generator, 2 is the polyethylene porous film filled
with the ferroelectric liquid crystal, sandwiched between two
ITO-covered glasses and placed on a rotating table, 3 is the
oscilloscope, 4 is the He—Ne laser (or a source of the white
light), 5 is the photo-electronic multiplier, A is the analyser,
P is the polariser, R is the resistance for registration of the
polarisation reversal current, C* is the capacitor for
integrating of the polarisation reversal current.
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Figure 7. Top — the driving voltage applied to a porous
polyethylene film (10 pum) filled with the ferroelectric liquid
crystal; bottom — the electro-optical response of the film,
placed between two crossed polarisers. The response is
measured by a photo-electronic multiplier (PEM) using the
set-up presented in Figure 6.

polariser and analyser. A programmed generator WFG-
400 was used to generate electrical pulse sequences. A
resistance R and a capacitor C* were used to control the
polarisation reversal current.

The optical quality was estimated via measure-
ments of the contrast ratio (CR):

CR=1/I,, (16)

where 7 is the maximal light transmission of a cell in
‘open’ state, and [ is the minimal light transmission in
‘closed’ state, which can be measured with the photo-
electronic multiplier (PEM) (Figure 7).

3.4 Evaluations of birefringence

Birefringence An of porous PE film filled in with
FLC was evaluated via measurements of the light
transmission spectra of the film placed between
crossed polariser and analyser. The spectra were
measured with a J&M Tidas diode-array spectro-
meter.

It is known (see, for instance, Hecht [30]) that the
light transmission 7(1) of a birefringent plate placed
between crossed polariser and analyser, with the angle
45° between the polariser plane and the principle opti-
cal axes, is expressed as:

AD())
= (17)

T(1) = sin

where A® is the phase shift between ordinary and
unordinary beams and is expressed as:

_ 2nd,An(2)

AD(2) . (18)

Here, in Equation (18), 4 is the wavelength, and d,, is
the birefringent plate thickness. It is evident from
Equation (17) that maxima of 7(4) magnitudes corre-
spond to:

A® = 7,37, 57. ... (19)
while zero of 7T(4) magnitudes correspond to:

AD = 0,27, 4n. ... (20)

4. Results and discussion

4.1 Birefiingence

The porous PE film filled with the FLC and placed
between the crossed polariser and analyser behaves
similarly to a birefringent plate without a considerable
contribution of light scattering in the visible spectral
range, as can be seen from the transmittance spectrum.
It is probable that the light scattering manifests at
A < 500 nm only (Figure 8), which results in non-
zero minima of 7(/4) in this spectral range.

Nevertheless, positions of maxima and minima of
T(2) function do not depend on weak light scattering;
therefore we used Equations (17) — (20) and 7(2)
(Figure 8) to evaluate approximately the birefringence
dispersion An(A) (Figure 9).

A shape of An(A) function (Figure 9) is similar to
the birefringence dispersion of pure FLC, but the
magnitude of An is approximately two times lower
than for the pure FLC mixture at corresponding wave-
lengths. This can be explained by taking into account
the fact that the volume fraction of the FLC mixture in
the composite is about 50%, and PE birefringence is
much smaller than that of liquid crystal (around 3107
according to our estimations).

1004
80 ~

60

T(X) (%)

401

20

0

300 400 500 600 700 800 900
A (nm)

Figure 8. Normalised light transmission of FLC-PE
composite film placed between crossed polariser and
analyser. The angle between the polariser plane and the
stretching direction is 45°.
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An (M)

0,10 - °

0,08 4 °

400 500 600 700 800
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Figure 9. Dispersion of birefringence of the FLC-PE
composite film.

4.2 Electro-optical response

For investigation of electro-optical properties, the
FLC-PE composite films were placed between a
crossed polariser and analyser at an azimuthal angle
of 22.5° of the stretching direction with respect to the
plane of polarisation of the incident light. Electric field
application results in a quite remarkable electro-opti-
cal response, with very evident ‘bright’ and ‘dark’
saturation levels (Figure 10). This means that the

Base

Tf 90-10%
H Top
&P Peak-Peak

DCTMQ
ofs -3. 96Vjofs

Figure 10. Observation of the electro-optical response of
the FLC-PE composite film placed between a crossed
polariser and an analyser at an azimuthal angle of 22.5° of
the stretching direction with respect to the plane of
polarisation of the incident light. The oscilloscope ‘LeCroy’
included in the set-up (Figure 6) was used: the upper curve
on the oscilloscope screen corresponds to the response of the
photo-electronic multiplier, and the lower curve corresponds
to the applied voltage divided by 50. The electro-optical
response was obtained by the modulation of white light
passing through the film.
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To1-09H8

1000/70.1-0.9(ms")

100 ° *1000/7,, o 140
o

435
430
425
4 20
415
410

0 50 100 150 200 250 300 350
Voltage

Figure 11. Circles represent the dependence of the electro-
optical response time 7, ;9.0 of the FLC-PE composite film;
asterisks represent dependence of 1000/t ; o evaluated
from the red curve. The measurements were carried out at
an azimuthal angle of 22.5° of the stretching direction with
respect to the plane of polarisation of the incident light.

response occurs due to electrically controlled modula-
tion of the phase shift between ordinary and extraor-
dinary beams, which appears as a result of complete
reorientation of molecules in the electric field.

Dynamics of the electro-optical response are illu-
strated in Figure 11. The response time 7 ;_go is
exactly inversely proportional to the applied voltage,
as seen from the dependence of 1000/7p;_ 09 in
Figure 11. This kind of proportionality is possible
only in the case of spatially uniform director alignment
and uniform reorientation in the electric field [31];
therefore, we must completely neglect the elastic
deformation of the director field in our analyses.
Thus, we have experimental confirmation of the valid-
ity of Equations (14) and (15) and, consequently, the
true criterion for theoretical calculation of the satura-
tion voltage.

Overall, an ordinary classic behaviour of surface-
stabilised ferroelectric liquid crystal mode (SSFLC,
[32]) was obtained with the porous stretched PE film
filled with FLC. The measured response time is small,
and at the highest applied voltage is about 30 ps.

4.3 Volt-contrast characteristics

The volt-contrast curve presented in Figure 12 is fairly
smooth, therefore the saturation voltage can be only
roughly estimated as V}, =150 — 200V.

It is worth noting that the measured saturation
voltage is quite close to the theoretical estimation
obtained in section 2.4, despite the simple approxima-
tion and substitution of a complex real structure of
porous films on an idealised regular structure in the
theoretical model.
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Figure 12. Volt-contrast curve of the FLC-PE composite
film; measurements were carried out in white light at room
temperature 7' = 22°C.

However, the CR at the electro-optical modula-
tion, defined by Equation (16), is very small — only
2:1 — as shown in Figure 12, and the CR is 20 times
lower than a ratio of light transmissions 75 / Tj-
obtained by the simple rotation of composite film
placed between crossed polarisers (see Section 3.2). It
is probable that such a low value of CR is associated
with the high fraction of very small pores inside PE
film filled with ‘passive’ FLC mixture, because a small
value of d prevents any reorientation of FLC mole-
cules, as was shown theoretically in Section 2.4.

5. Conclusion

Electro-optically active polymer-LC composites
based on FLC and stretched porous PE films were
investigated. An FLC mixture suitable for providing
electro-optical behaviour in stretched porous PE films
was developed. Alignment of this liquid crystal mix-
ture inside the porous structure of PE was obtained
and analysed experimentally. The birefringence of
FLC-PE composite films was measured and its high
value indicates good orientation of the LC director
along the stretching direction of the polymer matrix.
It was experimentally shown that the films filled with
FLC are flexible electro-optical films, which manifest
very evident ordinary SSFLC effects with the satura-
tion electric field near 2-10” V. m™'. It was found that
under application of the saturation voltage the electro-
optical response time of the composite films is about
30 ps, and the contrast ratio is 2:1 for the white light.
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