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The effects of polymer network formed under UV irradiation with
electric field application (£50V,5Hz) to ferroelectric liquid crystal (FLC)
molecules orientation and electrooptic characteristics have been studied.
The polymer network formed in SmC* phase is anisotropic and
fibrils-like, and a typical striped texture was observed in the cell. The
FLC gels exhibit a symmetric V-shaped electrooptic characteristics with
thresholdless voltage and high contrast ratio (40:1). A theory
explanation of the unique properties is given by establishing a molecular
orientation model and conducting a computer simulation. A good fitting
of the electrooptic dynamic response of FLC gels has been obtained by
itroducing a potential (bulk anchoring energy) originated from the
photo-cured polymer network.

Keywords: FLC Gels; electrooptic characteristics; V-shaped

INTRODUCTION

Surface stabilized ferroelectric LCDs!(SSFLCDs) have shown great

[3991/85
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promise in applications for its bistability, wide viewing angle, and fast
switching speed. However, it lacks gray scale capabilities which should
be one of the most important factors for high performance LCDs. Its
bistability makes it difficult to provide light intensity control by
arranging an applied voltage. Thus a spatial domain switching in a pixel
or temporal averaging scheme must be adopted **!, but these methods
will limit the resolution and the speed of SSFLC-based display.
Therefore, a new type of device configuration is needed for achieving an
intrinsic gray scale. Recently, the so called “thresholdless V-shaped
switching” in chiral smectic liquid crystal has been a subject for intense
studies by many research groups which electrooptic characteristics
indeed exhibits such intrinsic gray levels 571 However, this kind of
studies mainly focus some special ferroelectric liquid crystals with high
spontaneous polarization (>100nc/cm®) which have the smectic X*
liked LC phase!™'".. Unfortunately, this high Ps will be a problem to the
application with active matrix (AM) or thin film transistor (TFT)
addressing methods.

In this present research, we actually succeeded in obtaining “V-shape
switching” characteristics with a common FLC of low spontaneous
polarization value about 29.0nc/cm?® by fabricating ferroelectric liquid
crystal gels which form an anisotropic polymer network in the cell
utilizing UV irradiation under an AC electric field (£50V,5Hz). The
FLC gels exhibit uniform striped texture with good contrast ratio higher

than 40 and symmetric V-shape E-O curve without threshold, which can
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make grayscales intrinsically available.

EXPERIMENTAL

The ferroelectric liquid crystals (FLC) mixture used in experiment is
SCE-9(supplied from Merck Ltd.). This mixture shows the transition
temperatures K -1000 SmC* 5971 SmA 7900 N* 911 Iso. The monomer
is a mixture of liquid crystalline diacrylate (form Jilin University). Its

chemical structure is shown as follows:

at=a+-cooano—~0)-—wo—0)-coc~{D—oano—ar—ar=ay

FIGURE 1. The chemical structure of the LC diacrylate

The fabrication process of the FLC gels cells is as follows: the polymer
monomer and photoinitiator IRG-184 (provided by KaYaKu Ltd.) were
dropped into the FLC at 3wt% concentration in a dark room with
minimum lighting conditions. The mixture was stirred for 30 minutes on
magnetic stirrer and filled into 2um thickness cells in the isotropic state.
The cells consist of two glass substrates coated by I'TO electrodes and PI
orientation layers which can cause a low pretilt angle about 1°. The PI
rubbing direction on two glass surface was parallel; Then the
temperature was lowered slowly controlled by a computer, especially at
the phase transition point from SmA-SmC*. Subsequently, the cells

filled with FLC-Polymer composite were exposed to an ultraviolet light
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source (T=58°C, [=20.0mw/cm?, t= 30min) for curing the monomer to
form polymer networks meanwhile an AC electric field (+50.0V, 5.0 Hz)
was applied. After preparation of FLC gels panels, the structure of
polymer network was investigated by scanning electron microscope
(SEM) measurement. The molecule texture of cells was studied with the
polarized microscope. Meantime the EO performance of the device was

measured with our laboratory-made LCD parameter tester.

MEASUREMENTS

1.Polymer network structure

To investigate the polymer network structure formed in the gels, firstly
the cell was dissolved in the hexane solvent for several days, we split the
cells with great care in order not to disrupt the structure of the polymer
network. The samples were investigated with SEM to clarify the
polymer network structure. The SEM photograph was shown in Fig2.
From the photo, we can see that the size of most polymer network is less
than 100 m. Meantime the polymer network is anisotropic and
fibrils-like. The fibrils are parallel to the rubbing direction. The polymer
networks can provide a strong bulk anchoring strength to orient the FLC

[11]

molecules Under such condition, the free FLC molecule is

dominated by the polymer network not the surface orientation film.
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FIGURE 2. Anisotropic polymer network structure formed in the FLC
Gels observed by scanning electron microscope, the arrow indicates the
rubbing direction.

2.Texture observation

The molecular orientation texture of the gels was studied by polarized
microscope and shown in Fig3. A uniform alignment is obtained in the
cells. Furthermore, only a particular striped texture of uniform state has
been observed. The width of stripes is about 10um. The striped lines are
parallel to the rubbing direction and coincide with the FLC layer normal.
The striped texture is stable and can be remained after the cells were
cooled down to the room temperature. This predominant appearance of

121 and

stripped texture is associated with quasi-bookshelf structure
corresponding with the deformation of the liquid crystal layer, which
has been explained with the elastic free energy theory in our another

paper''?.
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FIGURE 3. Texture of FLC Gels under polarized microscope, Arrow is

the rubbing direction

3.EO characteristics measurements

The electrooptic characteristics of the FLC gels cells was studied with
our homemade LCD parameter tester. The measurement setup and
driving bi-pulse waves are shown in the Fig.4. The FLC gels device
exhibits a well symmetric “V” shape E-O curve without threshold,
which can make grayscales easily as shown in Fig.5. Furthermore, our
FLC gels panels exhibit good contrast ratio more than 40, which is
mainly due to the quasi-bookshelf layer structure and uniform texture

without Zig-Zag defects in the cells.
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FIGURE 4.  Experimental setup and driving waves for the

measurements of E-O characteristics of FLC Gels
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FIGURE 5. The electro-optical properties of FLC Gels (a)
transmittance responds with different pulse (b) transmission change

with driving voltage

Above phenomena may be explained as follows: as the polymer
monomer was UV cured in the SmC* phase with high electric field
application (£50V,5Hz), for the strong electric field -effect
(2.5% IOTVm'l), the chevron layer structure of ferroelectric liquid crystal
should be changed into bookshelf layer structure!'¥. Consequently the
FLC molecules have controlled the configuration of the formed polymer
network. After the polymerization, because of the strong interaction
between the polymer network and FLC molecules!”), The polymer
network in turn affects the orientation of FLC molecules and may play a
role in suppressing the formation the chevron layer structure and hence

maintain the bookshelf layer structure during the course of cooling



Downloaded by [Changchun Institute of Optics, Fine Mechanics and Physics] at 23:49 17 October 2012

"V-SHAPED" ELECTRO-OPTIC CHARACTERISTICS... [407]/93

within SmC* phase. This process is shown in Fig.6.
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FIGURE 6. The formation process of polymer network under UV
irradiation with AC electric field effect

MOLECULAR ORIENTATION MODEL FOR FLC GELS

So far our FLC gels have shown the attractive characteristics suggesting
potential for active matrix (AM) or thin film transistor (TFT) addressing

displays, a physical explanation of the unique properties of this device is
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necessary to provide. With the aim of explaining the phenomena, we
established a molecular orientation model and conducted a computer

simulation.

1.Free energy consideration of FLC gels

In the calculation process, we formulated the free energy equations to
simulate the EO dynamic response of FLC gels by introducing a
potential (a bulk free energy) originated from the photo-cured polymer
network. Except for the formula of network stabilization, other
formulations for the system have been done based on the formulae
developed by Nakagawa et al'® who deals with the spatial variation of
c-director and present nematic-like expressions.

The coordinate system for the FLC molecule and the angular relation of
molecular director (n-director), c-director and the idle bookshelf
molecular layer structure ( proved by the typical striped texture in the

experiment) is shown in Fig.7
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FIGURE.7 The coordinate system for the FLC Gels. The smectic layer
coincides with (x,y) plane and the z axis is perpendicular to layers. The c
director is n director projection on to the smectic layer . 1-substance
plane 2-orientation layer 3-smectic layer E-electric field R-rubbing
direction

The actual forms of n and ¢ are as follows:
7 =(sinBcosg,sin0sing,cosB), ¢=(cose,sing,0)

Here the total free energy is given by
d
F=[(f,+f)dy
0

Where d is the thickness of the FLC medium, f; stands for the bulk
energy density, and f; is the contribution from the surface anchoring
effect. f;, includes the contributions not only from elastic energy feys,
dielectric energy fse, and the coupling energy density f,s between
spontaneous polarization and electric field but also from the polymer

network stabilization f,e1, . The formula of each term is as follows:
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(D) elastic free energy density [Heias

2
foe = %[%] sin® 0 [Kl cos’ o+ (K2 cos’ O +K, sin® G)Sm2 (p]

2
+%D%(K2 —K,)sin’ t9cosHsin(p+q—;—sin2 0(1('2 sin” @ + K, cos’ 9)
Where K, K> and Kj are the splay, twist and bend elastic constants

respectively. qo=27n/p, p is the pitch of smectic material.

(I) dielectric energy density [y

S = —%EL(l +esin’ ¢)(‘;—5]2
e= (e/// —€3)el ¢/ =¢,cos?0 +g,8in°0

Here, £, and £, are the principal dielectric constants along the director n
and perpendicular to it, respectively.
(I11) spontaneous polarization energy density [,

Sps = P cos @ cfiz
(IV) polymer network stabilization energy density : fory
Actually, it’s difficult to present the expression to describe the bulk
anchoring energy contributed by the complicated polymer network. In
order to solve the problem, we put forward the concept of polymer
network field shown in the Fig.8. We consider that the interaction,
which the liquid crystal molecules are affected by the bulk anchoring
force from network, is a kind of field-like effect, and we definite the N
vector as the direction of network field that is the same as the rubbing

direction. Therefore, the stabilization free energy contribution from the
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polymer network comes from the coupling interaction between liquid
crystal n-director and polymer network field director N. Further the
suggested form of f,oy 1S

Where 0 stands for the tilt angle of FLC molecule and the definition of ¢
and ¢y are the azimuthal angles of molecular director and network filed
vector respectively (mainly considered in the simulations), which are
illustrated in Fig.8. W, is the coefficient of the interaction effect

between the n director and N director.

1 - .
.fpo[y = -é-w‘” (n b N)2

FIGURE. 8 The coordinate system for the n-director and polymer
network field director N with their projection onto the smectic molecule

layer (x,y)
Next, the surface free energy density f; is put into following the

/. =—g cos’(p—p,)—g,cos (p—9,)
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expression given by Amaya etall'”],

Where g; and g; are nonpolar and polar interaction coefficients between
the FLC molecules and the bounding surface, ¢s is the pretilt angle of

c-director on the cell surface.

d

F(p,V) = J-(felas + fau S+ fps + fpo[y )dy

0

Finally, the total free energy for the FLC gels is given as:

2.c-director distribution in FLC gels

In this subsection, we intend to find the molecular director distributions
in the gels by minimizing F with respect to ¢ with Poisson’s equations
8F/8¢ = 0 based on above equation. During the calculation, some
simplification has been taken, such as one elastic constant
approximation with K;=K,=K; and mean dielectric constant
Furthermore, in order to make the calculation process more efficiently
and accuracy, we adopted the finite element analysis'*'”? to determine
the c-director’s distribution. Tab.1 shows the FLC material parameters
used in the computer simulation. Finally, the azimuthal angle ¢ of ¢
director distribution inside the cell was obtained and shown in Fig.9.
The results provide that the azimuthal angle are symmetrical in
comparison with the middle of the cell, when no electric field is applied
to the cell(Voy=0). The configuration of FLC molecules orientation

consists two parts. One is the twist state near the bounding surface , the
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other is rather homogeneous uniform state, which the molecule almost
has a same angle. This outcome may be caused by the balance between
the bulk anchoring strength of polymer network and surface anchoring
strength. Moreover, when the absolute value of voltage increases, the
twist part tends to grow lager from the two orientation surfaces, whereas,

the rest part of the cell is still uniform with a certain changed angle.

Table 1. Parameters of FLC material adopted in simulation

P 2] K £ An

29.0nC/cm’ 23° 4.0x10"' N 5.0 0.15

3.Simulitions of EO characteristics

Based on the director distributions we obtain, the electro optical
behavior of FLC gels has been simulated by the Berreman 4x4 matrix
method. In Fig.10, we show the optical transmission of the cell between
crossed polarizers as a function of increasing voltage for different
polymer network stabilized strength. The smectic cone angle is taken to
be 6 = 23°. The results show that the electro-optic curve is really
V-shaped like without thresholdness as expected, at the same time, a
symmetrical property has been observed due to the symmetrical director
distribution in the cell we have calculated. All above simulation results
are satisfied with experiments well. Furthermore, the curve has a trend

to become less steeper following the increasing of network anchoring
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strength. It means the same transmission should be obtained with a
higher voltage to fight against a lager polymer network anchoring force.

This outcome is certainly reasonable.

DISCUSSION AND CONCLUSIONS

From above studies, The formed configuration of polymer network can
be controlled during the polymerization process. In our experiments, the
smectic layer structure has been changed into the quasi-bookshelf layer
structure under high electric field effect. Meantime, this good
configuration is transferred into the polymer network. In return, the FLC
molecular orientation has been adjusted in the gels by the strong
interaction provided from polymer network.

It’s shown that presence of anisotropic polymer network in FLC gels has
great effects on the FLC molecules alignment and switching behaviors.
The electro-optic curve of FLC gels device is like “V-shaped”, which
can make grayscales intrinsically available. So it’s easier to get gray
scales than common SSFLC device. The FLC gels exhibit uniform
texture with good contrast ratio higher than 40. Therefore, Our FLC gels
devices have a good application potential for thin film transistor (TFT)
addressing owing to rather lower value of spontaneous polarization.

A theory explanation of the unique properties of FLC gels has been
given by establishing a molecular orientation model and conducting a

computer simulation. During the calculation, the complicated
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interaction force to the free FLC molecules originated from the
photo-cured polymer network has been treated as field like effect. A
good fitting has been obtained under our treatments to simulate the
electro-optic dynamic response of FLC gels. From the simulation results,
we can find that FLC molecules orientation configuration in gels is
actually the combination of the twist part closing to the cell surface and
uniform bookshelf alignments in the inner part of the cells. This may be
the essential reason to produce the “V-shaped” electro-optic properties

of FLC gels.
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FIGURE 9. Azimuthal angle ¢ distribution in the FLC gels cell for
different applied voltage, cell thickness D=2.0um, Y is the position in
the cell, Polymer network anchoring strength is taken as

W,d=5.0x10")/m”.
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FIGURE.10 Simulation results of electro-optic properties of FLC gels
under different polymer network anchoring strength (d=2.0pm and
Ps=29.0 nC/cm?)
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