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Liquid Crystalline Polymer Stabilized
FLCDs with Conventional Rubbed
Polyimide Films or with Photo Alignment
Films of Poly(vinyl Cinnamate)

SHINGO KATAOKA?, YASUHIRO TAGUCHI®, YASUFUMI IIMURA®,
SHUNSUKE KOBAYASHI**, HIROSHI HASEBE® and
HARUYOSHI TAKATSU®

2Division of Electronic and Information Engineering, Graduate
School of Technology, Tokyo University of Agriculture & Technology,
2-24-16 Nakamachi, Koganei, Tokyo 184, Japan;

®Dainippon Ink & Chemicals, Inc., 4472-1 Komuro, Ina-machi,
Kitaadachi-gun, Saitama 362, Japan

Polymer stabilized SSFLCDs have been successfully fabricated. A liquid crystalline polymer
network in a device cell is formed by the photo-cure of UV photo-currable liquid crystalline
monomers that are doped in an FLC, where both the rubbed polyimide (PI) and non-rubbed
but linearly polarized UV irradiated poly(vinyl cinnamate) (PVCi) films are utilized as surface
FLC molecular alignment. The actual monomers adopted is acrylate with a mesogenic side
chain. The PVCi is one of the photo alignment polymer. The fabrication process of these
SSFLC cells is as follows; first the photo-cure is done on a monomers and initiators doped LC
medium at the temperature where this material takes SmA phase and then the cell is cooled
down to room temperature, at which the medium takes SmC* phase. The layer structure of the
liquid crystalline polymer stabilized (LC-PS) FLC cells has been investigated by X-ray diffrac-
tion measurement. As the experimental results, it is found that the formed polymer network
suppresses the formation of a chevron layer structure, resulting in the formation of a quasi-
bookshelf layer structure; the only Cl-uniform state is spontaneously formed without giving a
high surface pretilt angle; and a fairly good memory state with an excellent contrast ratio and a
low threshold voltage are obtained for a low concentration of doped monomers (2 ~ 3 wt%) in
particular with photo-alignment layers of PVCi; and furthermore, in a cell with a higher
concentration of doped monomers (4 wt%) an excellent electroclinic like behavior (called the
quasi-electroclinic effect) is obtained.
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1. INTRODUCTION

The study of polymer stabilized nematic liquid crystal displays (PS-NLCDs)
has been the subject of recent interest[1,2]. In particular, the reverse tilt
disclinations appearing in a twisted nematic medium are perfectly frozen
and controlled by the introduction of controlled polymer network even-
though no surface pretilt exists[3].

Surface stabilized ferroelectric LCDs (SSFLCDs) is an interesting device
for its bistability, fast switching speed, and wide viewing angle[4]. However,
they have a serious problem of the appearance of zig-zag defects that de-
grade the contrast ratio of the displays due to the formation of the so-called
chevron layer structure[5,6]. This difficulty can be eliminated using several
techniques, such as the use of a special FLC material having a naphthalene
ring core[7], the application of a low frequency electric field as a treat-
ment[8,9], and the formation of high surface pretilt together with the cross-
rubbing alignment treatment[10]. However, these methods are not always
universally useful nor available, and so there is still a need to eliminate
zig-zag defects and improve the EO performance of SSFLCDs. The elec-
troclinic effect is also a fascinating phenomena, however this phenomena is
strongly dependent on temperature[11].

This research has been conducted with the aim at exploring the effect of
the introduction of liquid crystalline polymer network of polyacrylate into
SSFLCD and at solving the above mentioned problems. The device devel-
oped in this research is abbreviated to LC-PS-FLCD. Prior to this research,
Pirs and his coworkers reported the effect of volume stabilization by using
UV curable acrylate Desolite 950-044[12].

In this present research, we actually succeeded in fabricating an SSFLCD
having a quasi bookshelf layer structure and showing the only C1 -uniform
state spontaneously by forming a liquid crystalline polymer network of a
polyacrylate without giving a high surface pretilt angle. We also utilized
linearly polarized UV light irradiated poly(vinyl cinnamate) (PVCi) films for
the surface FLC molecular alignment. The LC-PS-FLCD containing a low
concentration of polymer networks (2 ~3wt% monomers), in particular
with PVCi films, exhibits a good uniform texture, an excellent EO perform-
ance in the memory capability with a wide viewing angle, and a low thresh-
old voltage. An FLC cell with a higher concentration of doped monomers
(4wt%) shows an excellent electroclinic like behavior (called the quasi-
electroclinic effect).
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2. EXPERIMENTALS

The FLC materials used in this research were TA-C100 and CS-1014 ( both
supplied from Chisso Petrochemical Co., Ltd.). The monomer used is a
mixture of liquid crystalline monoacrylates[13]. The fabrication process of
the LC-PS-FLC cell is as follows: first the monomers and initiators doped
LC is injected into an empty cell in the isotropic phase via a capillary action
where the inner substrate surfaces are coated with rubbed polyimide (PI)
films or non-rubbed photopolymer PVCi films; second the cell is cooled
down and kept at the temperature where the LC medium takes SmA phase
and the cell is illuminated with a UV light source for curing the monomers
to form a polymer network having mesogenic side moieties; finally the cell
is just cooled down to room temperature at which the LC medium takes
SmC* phase.

In this study, we fabricated the following several kinds of experimental
LC-PS-FLC celis:

(A) The cell with polyimide (PI) aligning films and with a low concentra-
tion monomers We fabricated an FLC cell using parallely rubbed PI films
LP-64 (Toray Industries, Inc.) and the FLC material TA-C100 with 1.5pym
thickness. The PI-film LP-64 is capable of generating a low pretilt angle of
6,=2°. The liquid crystalline polymer stabilized (LC-PS) FLC cell was
fabricated by UV curing of liquid crystalline acrylate monomers of 3wt%
doped in the LC in SmA phase for 60 seconds. The UV power was about
SmW/cm? at 365 nm. The thickness of PI films was 15nm.

(B) The cell with photopolymer PVCi aligning films and with a low concen-
tration monomers Polarized UV light irradiated PVCi films were utilized
as LC molecular aligning films. Because they give rise to a weak anchor-
ing[14] and the FLC molecules in the surface regions can be switched more
easily compared with the case of P! films, an excellent EO performance can
be expected by utilizing PVCi films together with polymer networks.

We used, as an FLC material, CS-1014. The thickness of PVCi films was
25nm and the cell spacing was 1.7um. The polymer network was also
formed by the same UV curing method of liquid crystalline acrylate mono-
mers. The concentration of the doped monomers was 2wt%.

(C) The cells with a high concentration monomers This cell is the same as
the cell of type (B) but contains the monomers of 4wt%.

(D) The cells for X-ray diffraction measurement The cells for conducting
X-ray diffraction measurement were fabricated using thin glass plates of
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0.1 mm thick to reduced X-ray absorption. The thickness of Pl films
was 30nm.

Table I denotes the characteristics of the FLC TA-C100 and CS-1014.

3. RESULTS AND DISCUSSION

3.1. X-ray Measurement

The geometry of the X-ray diffraction measurement is shown in Figure 1.
Figure 2 shows the results: the upper curve exhibits a narrowing of the
spacing between two peaks in the X-ray diffraction on the LC-PS-FLC cell
utilizing Pl films (the cell of type (A)), in comparison with the conventional

TABLE1 The characteristics of TA-C100 and CS-1014

FLC material TA-C100 CS-1014
Phase transition temperatures/°C
Cr—SmC* -35 -21
SmC* ->SmA 464 554
SmA - N* 68.2 68.9
N*-1Iso 74.7 81.0
Spontanecous polarization
/nCem ™2 [25°C] -51 —54
Tilt angle/deg.  [25°C] 18.6 220
edetecter

X-ray

FIGURE | The layer tilt angle § and the angular spacing between two peaks in the X-ray
diffraction measurement 8, where 6 = 6/2.
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LC-PS-FLCD (3.0wt%)

conventional FLCD
without polymer networks

Ll [} Il 1 1 1 1
70°  75°  80° 85 90° 95° 100° 105° 110°

FIGURE 2 The results of X-ray measurements.

FLC cell without polymer network (the bottom curve). This narrowing of
the spacing between two peaks demonstrates the formation of a quasi-
bookshelf layer structure by the polymer network stabilization. The actual
inclination angle of layers 8, was calculated by

8 = [peaks spacing in deg.]/2.

Table II indicates and compares the relevant values; by this polymer
stabilization using 3.0wt% polymer, the inclination angle J clearly de-
creases. The inclination angle of layers of the conventional FLC cell without
polymer networks was 15.3°, while that of the LC-PS-FLC cell was 3.8°.
Figure 3 illustrate a schematic molecular model of the formation of a quasi-
bookshelf layer structure by showing the role of a polymer main chain and
mesogenic side chains in this stabilization.

3.2. Texture Observation

In the conventional FLC cell almost only C2 uniform state preferably
appears rather than Cl uniform state depending on the values of surface

TABLEII The inclination angles of layers

LC-PS-FLCD conventional FLCD

[peaks spacing in deg.] 7.6° 30.6°
é 38° 15.3°
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Liquid crystalline
polymer network
main chain FLC molecule
f ———— )

UVlight e
Pl =
[

«————=/ Quasi-bookshelf layer structure

/!

—_—

SmA phase SmC* phase

FIGURE 3 A schematic molecular model of the formation of a quasi-bookshelflayer structure.

pretilt angles and their senses. The memory angle of the C2 state is smaller
than that of Cl1 state[15]. On the other hand, in the LC-PS-FLC cell the
only C1 uniform state appears spontaneously. An example of the micro-
photographs of the textures of C1 and C2 states is shown in the Appendix
A. The molecular models for these states are shown in the Appendix B. This
predominant appearance of C1 state may be explained as follows: the tran-
sition from C1 state to C2 state may be supressed due to the strong interac-
tion between the polymer networks and FLC molecules during the course
of cooling within SmC* phase, and furthermore the polymer networks may
play a role in supressing the formation of the chevron layer structure and
hence forming a quasi bookshelf layer structure; in addition as the back-
ground, the free energy of the twisted state is fairly larger than that of
uniform state, therefore the uniform state appears predominantly[16].

The uniformity of the aligned phase of LC-PS-FLCD is largely improved
by using optically anisotropic PVCi films as alignment layers.

3.3. EO Characteristics of LC-PS-FLCD

Figure 4 shows the EO performance of an LC-PS-FLCD using PI aligning
films (a cell of type (A)) in comparison with a conventional FLCD without
polymer networks. The polymer stabilization is shown to be effective to
improve the contrast ratio of FLCD. However, the existence of the polymer
network may play a role in reducing the memory angle, actually the ob-
tained memory angle was 8 degrees whereas the catalogue value of the tilt
angle is 18.6°. The utilization of PVCi orientation films is shown to be
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effective to improve the uniformity of the aligned phase and further the
polymer network is useful to achieve a good dark state; in this way, it is
possible to improve contrast ratio as shown in Figure 4. Figure 5 demon-
strates an excellent EO performance of a cell of type (B) with PVCi films,
due to the weak anchoring energy between PVCi film and FLC molecules,
the FLC molecules in the surface regions may be switched more easily in
comparison with the case where PI films are used. Thus, the methods and
materials adopted in this research are useful to improve the EO perform-
ance of SSFLCD. Furthermore, the polymer networks may play a role in
fabricating a brittle free FLCD.

1
I LC-PS-FLCD ]
4r —=
e I e ]
'g 3 [T PR Rl S L SIPNRE
E [ / conventional FLCD
b s
S I g
O [ n/ ,o"
1 [.-g--Q--0 ...0:0-0--0"
L pulse width : 3ms ]
0 " i " n n " Py i i 1 " " n .

0 1 2 3 4
Voltage Amplitude (V)

FIGURE4 EO characteristics of an LC-PS-FLCD with PI films in comparison with a conven-
tional FLCD without polymer networks.

15 _—pulsewidth:Bm; i ; .%.

13 M LC-PS-FLCD with PVCi_|

Contrast Ratio
~)
o

[ g ° o © ° ° 1
198 &—24-2—-—+conventional FLCD with PVCi]

Aoataadaaag

0 1 2 3 4
Voltage Amplitude (V)

FIGURE S5 EO characteristics of an LC-PS-FLCD with PVCi films in comparison with
a conventional FLCD with PVCi and without polymer networks.
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In order to achieve a better performance, it is necessary to explore other
FLC materials having a larger tilt angle and the condition of the polymer
network formation including other monomers.

Figure 6 exhibits a quasi-electroclinic effect of a cell type (C) with a high
concentration of monomers (4wt%). Figure 7 is also a data on the same cell,
where the direction of the polarizer is chosen to be parallel to the direction
of the director under the application of electric field, e.g. V+. The switching

P2 1 1rrrrrrrrr v
ik ]
~ * &)
=) e ]
< 08

o . 1
g 0.6 [ o ]
é 04 [ .0'- .‘“. ]

@ D ®
é [ . “o. .o. ]
o F . e :
02 _ o <8 :
[ *, Nad ]
(1] I PR BPEAL WS GO NI R T

-20 -10 0 10 20
Voltage (V)

FIGURE 6 A quasi-electroclinic effect with a high concentration of monomers (4wt%).

27T

10 F 4o

Contrast Ratio
(=Y

T T
[ ]
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.o‘oooo b

ol M S 1 P Y TS 't M

-10 -5 0 5 10 15
Voltage (V)

FIGURE 7 A quasi-electroclinic effect with a high concentration of monomers (4wt%), where
the direction of polarizer is chosen to be parallel with the direction under the application of electric
field,e.g. V+.
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was done between this V+ and the opposite V —. So far, the best achieved
value of the contrast ratio is 12:1. More detailed research on this new effect
is now underway, and the results will be published elsewhere,

4. CONCLUSIONS

It is shown that the liquid crystalline polymer stabilization is effective to
form a quasi-bookshelf layer structure in an SSFLCD, and in addition to
this the utilization of PVCi orientation films contribute to obtaining an
uniform texture. With a low concentration of the polymer network
(2 ~ 3wt%), the device exhibits an excellent bistability, wide viewing angle,
and fast response speed with a low threshold voltage; and with a high
concentration of monomers ( ~ 4wt%), an interesting quasi-electroclinic ef-
fect is obtained.
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APPENDIX A

An example of the microphotograph of the texture of SmC* phase. The
FLC material used was TA-C100. The major part of this photo is the Cl
uniform state and two large (locating at the upper and the bottom parts)
and one small zig-zag defects (look like arrows) directing to the right direc-
tion from the left direction are seen in this particular case. Inside parts of
these zig-zag defects are C2 uniform state. Note that tiny defects originated
from spacers are directed to the right direction, while those in the C2
uniform state are directed to the left direction. A sketch of the texture and
the corresponding molecular model is shown in the Appendix B.

|~ ey
Rubbing Direction 0.lmm

APPENDIX A See Color Plate 1.

APPENDIX B

A top view of zig-zag defects corresponding to the photo of Appendix A
and their molecular model are shown. The appearance of the Cl and C2
uniform states is illustrated in relation to a zig-zag defect comprising a
hairpin defect and a lightning defect. The molecular model of these Cl and
C2 states including tiny defects originated from spacers are illustrated in the
bottom part. The molecular layer forms of the Cl and C2 state are deter-
mined by the sense of layer inclination, those of surface pretilt angles, and
the rubbing direction.
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APPENDIX B

APPENDIX C

An example of the microphotograph of the texture of SmC* phase with a
polymer network of 4wt%. Except for a few stripe domains, the major part
of the whole area is almost uniform and is featured by a good dark state.
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APPENDIX C See Color Plate IL



