This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

The relationship between the polar anchoring strength and the memory
capability of surface-stabilized ferroelectric liquid crystals on rubbed

polyimide surfaces

Dae-Shik Seo®

 Division of Electronic and Information Engineering, Faculty of Technology, Tokyo University of
Fditor: Corrie T, Imeie Agriculture and Technology, Tokyo, Japan

72!
rm—
o
——
s
[
=i
@)
U 5
»

Liqu

To cite this Article Seo, Dae-Shik(1995) "The relationship between the polar anchoring strength and the memory capability
of surface-stabilized ferroelectric liquid crystals on rubbed polyimide surfaces', Liquid Crystals, 19: 6, 891 — 893

To link to this Article: DOI: 10.1080/02678299508031114
URL: http://dx.doi.org/10.1080/02678299508031114

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299508031114
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 39 26 January 2011

Downl oaded At:

LiQuidb CrySTALS, 1995, VoL. 19, No. 6, 891-893

The relationship between the polar anchoring strength
and the memory capability of surface-stabilized
ferroelectric liquid crystals on rubbed polyimide surfaces
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Tokyo University of Agriculture and Technology, 2-24-16 Nakamachi,
Koganei, Tokyo 184, Japan

(Received 12 May 1995; in final form 26 July 1995; accepted 28 July 1995)

The relationship between the polar (out-of-plane tilt) anchoring strength and the memory
capability of surface-stabilized ferroelectric liquid crystal displays (SSFLCD) with rubbed
polyimide (PT) surfaces as alignment layers has been investigated. The polar anchoring strength
of nematic liquid crystals (NLC) on rubbed PI surfaces with low polymer concentration is weak
compared to that on PI surfaces with high polymer concentration. However, we have found that
the memory capability of SSFLC on rubbed PI surfaces with low polymer concentration is high
compared to that on rubbed PI surfaces with high polymer concentration. It is expected that the
weak anchoring strength is attributed to the good memory capability of the SSFLCD on rubbed

PI surfaces.

The surface-stabilized ferroelectric liquid crystal
display (SSFLCD) is known for its fast response time and
memory capability (bistability) [1]. The uniform align-
ment of LCs on treated substrate surfaces is very important
for both fundamental research and technology [2]. In most
LC devices, homogeneous LC alignment with a pretilt
angle is prepared using various surface alignment layers
such as rubbed PI [3-10], obliquely evaporated SiO [11],
PI-Langmuir-Blodgett (LB) [12, 13], rubbed polystyrene
(PS) [14], and polypyrrole (PP) [15] surfaces. Rubbing is
the widely used technique for LC alignment. However the
detailed mechanism of LC alignment on rubbed surfaces
is not yet fully understood. In a previous paper, Ikeno et
al. [16] reported on the memory capability of SSFLCDs
by measuring the time dependence of the optical response
on rubbed PI surfaces and PI-LB surfaces. The excellent
memory capability of SSFLCDs on PI-LLB surfaces was
clearly observed in his study. Also, Nitta et al. [17] studied
the memory capability of charge-transfer complex doped
SSFL.CDs on rubbed PI surfaces and demonstrated
excellent memory capability. However, the relationship
between the polar anchoring strength and the memory
capability of SSFLCDs is not yet reported. Previously, we
showed that the polar anchoring strength of 5CB is strong
on weakly rubbed PI surfaces [18], and reported the
relationship between the polar anchoring strength and the

Present address: Liquid Crystal Institute, Kent State
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pretilt angle of 5CB on rubbed PI surfaces with
trifluoromethyl moieties [19]. It was demonstrated that the
polar anchoring strength of SCB with a high pretilt angle
is very small, due to the combination of the micro-surface
excluded volume effect and the anisotropic dispersion
force between the LCs and the substrate surfaces on
weakly rubbed PI surfaces with trifluoromethyl moieties.

In this paper, we report the relationship between the
polar anchoring strength and the memory capability of
SSFLCDs on rubbed PI surfaces.

The molecular structure of the polymer used in this
study (Nissan Chemical Industries Co., Ltd.) is shown in
figure 1. The precursors were coated on indium—tin oxide
(ITO) coated glass substrates by spin-coating, and
imidized at 250°C for one hour. We prepared the two PI
films by changing the polymer concentration; one with a
high polymer concentration (3 wt %) and the other with a
low polymer concentration (0-15 wt %) in solvent. The PI
coating conditions were kept the same. The PI films were
rubbed using a machine equipped with a nylon roller
(Yo-15-N, Yoshikawa Chemical Industries Co., Ltd.). The
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Figure 1. Molecular structure of the polymer used.
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definition of the rubbing strength, RS, was given in
previous papers 8,9, 12], and it is given by

RS =NM Q2nrafv — 1), (D

where N is the number of times the substrates were rubbed
(N =1, in this work), M is the depth of the fibres of the
fabric deformed due to the pressed contact (mm), 7 is
the rotational speed of the drum (1000rpm), v is the
translational speed of the substrate (7-0mms ™ '), and r is
the radius of the drum.

To measure the polar anchoring strengths, sandwich-
type cells with thickness of 60 = 0-5 pm were assembled
with two substrates keeping the rubbing directions
antiparallel to each other. For memory capability measure-
ments of SSFLCDs, cells were assembled keeping the
rubbed surfaces parallel to each other and with a thickness
of 1-5um. The FLC material used in this study was
Z11-3654 (from Merck Japan Ltd).

To measure the polar anchoring strength, we used the
‘high electric-field technique’, developed by Yokohama
and co-workers [20,21]. The extrapolation length d., was
evaluated using the relationship between the measured
values of the electric capacitance (C) and the optical
retardation (R):

(R/Ro) = (I/CV) — (2d./d), when V=6V, (2)

where I is a proportional constant dependent on the LC
material, and V and 4 stand for the applied voltage and
LC medium thickness, respectively.

The polar anchoring energy A is obtained from the
following relation:

A = K/d., 3)

where K is the effcctive elastic constant given by
K =K, cos?8y+ K3sin* 6y, K, Ks, and 8, are the elastic
constants for the splay and bend deformations, and the
pretilt angle, respectively. We used the measured elastic
constants in this work. The memory capability of the
SSFLCD is determined by measuring the time dependence
of the optical response [16, 17].

We determined that the film thicknesses of polyimide
were SO0nm (3wt %) and 6 nm (0-15 wt %).

Figure 2 shows the extrapolation length of 5CB on two
kinds of rubbed PI surfaces with polymer concentrations
of 3wt % and 0-15 wt % as a function of RS. Although the
decrease of the extrapolation length with increasing RS is
not very strong from these data, it shows a small gradual
decrease, suggesting that the polar anchoring strength
depends on the RS. Also, we have found that the
extrapolation length of 5CB on a rubbed PI surface with
low polymer concentration (0-15 wt %) is larger compared
to that on the surface with high polymer concentration
(3 wt %), which indicates that the polar anchoring strength
of NLC is weaker on rubbed PI surfaces with low polymer
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Figure 2. Extrapolation length of 5CB on two kinds of rubbed

PI surfaces with polymer concentrations of 3wt % and
0-15wt % as a function of RS.

concentration (0-15wt %) than that with high polymer
concentration (3 wt %).

Figures 3 (a)—(c) show the memory ratio (per cent) of
SSFLCDs as a function of applied voltage prepared with
two kinds of rubbed PI surfaces (polymer concentrations
of 3wt % and 0-15 wt %). It is clear that the memory ratio
of SSFLCDs prepared on rubbed PI surfaces with low
polymer concentration is high compared to that prepared
on rubbed PI surfaces with high polymer concentration for
the 3 values of RS used. This good memory capability of
SSFLCDs is attributed to the weak anchoring strength of
the rubbed PI surfaces with low polymer concentration.
Also, we have found that the memory capability for
RS = 114mm or 406 mm is higher than that obtained for
RS =262 mm.

In conclusion, we have investigated the behaviour of the
polar anchoring strength and the memory capability of
SSFLCDs on rubbed PI surfaces, with different polymer
concentrations, for the first time. We have found that good
memory capability of SSFLCDs can be achieved by using
rubbed PI surfaces with a low polymer concentration.
Finally, the memory capability of SSFLCDs is expected
to depend on the anchoring strength between the PI
surfaces and the LC molecules.

The authors wish to acknowledge Dr H. Vithana of the
Liquid Crystal Institute and Department of Physics of Kent
State University for the reading of the manuscript and for
suggestions.
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