
No bias pi cell using a dual alignment layer with an intermediate pretilt angle
Jong Bok Kim, Kyung Chan Kim, Han Jin Ahn, Byoung Har Hwang, Jong Tae Kim, Sung Jin Jo, Chang Su Kim,
and Hong Koo BaikChu Ji Choi, Min Kyoung Jo, and Youn Sang KimJin Seol Park and Daeseung Kang

Citation: Appl. Phys. Lett. 91, 023507 (2007); doi: 10.1063/1.2757121
View online: http://dx.doi.org/10.1063/1.2757121
View Table of Contents: http://aip.scitation.org/toc/apl/91/2
Published by the American Institute of Physics

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1818928282/x01/AIP-PT/MMR_APLArticleDL_031717/MMR-ArticleDownloads-APL2.jpg/434f71374e315a556e61414141774c75?x
http://aip.scitation.org/author/Kim%2C+Jong+Bok
http://aip.scitation.org/author/Kim%2C+Kyung+Chan
http://aip.scitation.org/author/Ahn%2C+Han+Jin
http://aip.scitation.org/author/Hwang%2C+Byoung+Har
http://aip.scitation.org/author/Kim%2C+Jong+Tae
http://aip.scitation.org/author/Jo%2C+Sung+Jin
http://aip.scitation.org/author/Kim%2C+Chang+Su
http://aip.scitation.org/author/Baik%2C+Hong+Koo
http://aip.scitation.org/author/Choi%2C+Chu+Ji
http://aip.scitation.org/author/Jo%2C+Min+Kyoung
http://aip.scitation.org/author/Kim%2C+Youn+Sang
http://aip.scitation.org/author/Park%2C+Jin+Seol
http://aip.scitation.org/author/Kang%2C+Daeseung
/loi/apl
http://dx.doi.org/10.1063/1.2757121
http://aip.scitation.org/toc/apl/91/2
http://aip.scitation.org/publisher/


No bias pi cell using a dual alignment layer with an intermediate pretilt
angle

Jong Bok Kim, Kyung Chan Kim, Han Jin Ahn, Byoung Har Hwang, Jong Tae Kim,
Sung Jin Jo, Chang Su Kim, and Hong Koo Baika�,b�

Department of Metallurgical Engineering (BK21), Yonsei University, 134 Shinchon-dong, Seodaemun-gu,
Seoul 120-749, Korea

Chu Ji Choi, Min Kyoung Jo, and Youn Sang Kima�,c�

Center for Intelligent Nano-Bio Materials and Division of Nano Science (BK21), Ewha Womans University,
11-1 Daehyn-dong, Seodaemun-gu, Seoul 120-750, Korea

Jin Seol Park and Daeseung Kang
Department of Electrical Engineering, Soongsil University, 511 Sangdo-dong, Dongjak-gu, Seoul 156-743,
Korea

�Received 7 May 2007; accepted 18 June 2007; published online 12 July 2007�

The authors fabricated a no-bias pi cell using a dual alignment layer with an intermediate pretilt
angle via a rubbing. In the dual alignment layer system, the competition between crest region
favoring the vertical alignment and trough region favoring planar alignment made it possible to
achieve various pretilt angles, and adjusted pretilt angle from 90° to 20° with rubbing. In addition,
as the intermediate pretilt angle plays a role in eliminating the activation energy and thus allowing
formation of the initial bend state in pi cell fabrication, this approach achieved a no-bias pi cell for
a liquid crystal display with both low power consumption and fast response. © 2007 American
Institute of Physics. �DOI: 10.1063/1.2757121�

The pi cell has been interesting due to its fast response
property and wide viewing angle characteristics.1,2 These
distinguishing properties result from the unique liquid crystal
�LC� configurations of the pi cell.3 For example, when driv-
ing a pi cell in the bend state, the LC molecules in the center
of the LC experience zero elastic torque during the off-state
relaxation process, thus producing a fast display response.
Generally, a pi cell is fabricated using the alignment layers
with the same rubbing directions on the two substrates, and
the initial LC configuration is a splay state.4 Then, an applied
voltage transits the pi cell from the splay state to the bend
state, and the pi cell presents the image by switching be-
tween two kinds of bend states. However, the initial setting
voltage, which is the voltage required to set the LC cell into
the bend state, is so high that the power consumption prop-
erty is poor. A simple method to reduce the initial setting
voltage is to use the alignment layer with an intermediate
pretilt angle.5

Numerous methods to achieve an intermediate pretilt
angle, including the typical SiO2 oblique evaporation
method, have been developed.6 Several methods in particular
have shown potential for application to large areas and mass
production: modification of the polyimide alignment layer by
trifluoromethyl moietries,7 photoirradiation of the photosen-
sitive alignment layer containing azobenzene,8 a solvent dip-
ping method of the polyimide layer,9 the mixing of planar
and vertical polyimides,10,11 a nanotexture formation by an
atomic force microscope local oxidation,12 and a nanoim-
printing technique containing local deposition of a surface
coupling agent.13 However, there remain several technical
difficulties to be overcome such as stability, fidelity, high

cost of the manufacturing process, and so on.
The dual alignment layer is a better alternative because

one can easily achieve the intermediate pretilt angle through
a conventional process without modification of the polyimide
or changing the alignment process. In the dual alignment
layer, both the underlayer and the upper layer affect LC mol-
ecules, thereby determining the pretilt angle. Therefore, if
the competition between two interactions, one between the
under layer and LC molecules and the other between the
upper layer and LC molecules, is adequately controlled, the
dual alignment layer can enable the LC to achieve the inter-
mediate pretilt angle. This competition may be described by
the dual easy axis model.14,15 However, while most studies
concerning the dual alignment layers have focused on the
screening effect of the upper layer on the interaction between
LC molecules and the under alignment layer,16,17 they have
not shown feasibility for achieving an intermediate pretilt
angle for a no-bias pi cell due to the difficulty of coating the
thin upper layer.

In this study, we presented a simple strategy: the intro-
duction of a dual alignment layer to achieve the intermediate
pretilt angle. The polyimide favoring planar alignment and
poly�dimethylsiloxane� �PDMS� favoring vertical alignment
were selected to compose the dual alignment layer, and the
upper vertical alignment layer was thin enough to allow for
interaction between the LC molecules and the under layer.
Eventually, various pretilt angles ranging from 90° to 20°
were achieved with rubbing. Then, we fabricated a pi cell
using a dual alignment layer with an intermediate pretilt
angle. While there is an initial setting voltage in a general pi
cell with a low pretilt angle, the pi cell with an intermediate
pretilt angle initially showed a bend state without the initial
setting voltage.

When the dual alignment layer for the intermediate
pretilt angle was introduced, we had to carefully consider the
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thickness of each layer. If the upper layer is too thick, this
negates the effect of the underlayer on the interaction be-
tween the LC molecules and the alignment layer. When the
upper layer is thin enough, however, it allows for the inter-
action between the LC molecules and under layer, helping to
obtain the intermediate pretilt angle. However, it is difficult
to uniformly coat a very thin vertical alignment using a con-
ventional spin-coating method. Recently, we reported on a
coating technique of the thin PDMS alignment layer by
chemical reaction.18 Its thickness was approximately 10 nm,
which is thin enough for the under layer to affect the LC
alignment. Here, we used the polyimide �AL2001, JSR� fa-
voring planar alignment as an under alignment layer and the
PDMS favoring vertical alignment as an upper alignment
layer in the dual alignment layer geometry. Figure 1 shows
the schematic illustration of coating of the dual alignment
layer and rubbing for the intermediate pretilt angle. First, the
polyimide was spin coated on the glass substrate for 5 s at
500 rpm and then for 70 s at 2600 rpm. The coated polyim-
ide was cured on a hot plate for 1 h 30 min at 250 °C. Then,
the thin PDMS was coated on top of the polyimide surface
through a chemical reaction. To coat the thin PDMS layer,
the polyimide surface was treated with oxygen plasma for
1 min at 25 W and then immersed in a 0.5 wt % aqueous
solution of 3-�aminopropyltriethoxysilane� �APTES� for
10 min. After washing the untreated APTES with distilled
water, the monoglycidyleter-terminated PDMS �Aldrich,
USA� was dropped onto the polyimide surface and heated for
4 h at 80 °C to react the monoglycidyleter-terminated
PDMS with the amine-terminated surface. After washing the
nonreacted monoglycidyleter-terminated PDMS with isopro-
pylalcohol, a thin uniform PDMS layer was obtained. Thus,
we achieved a dual alignment layer composed of polyimide
and PDMS with approximate thicknesses of 150 and 10 nm,
respectively. After coating the two alignment layers, the sur-
face was rubbed with a velvet cloth between zero and ten
times to achieve the various pretilt angles.

The surface morphology of the rubbed dual alignment
layer was examined with an atomic force microscope
�AFM�. Figure 2 shows the AFM images of the dual align-
ment layer with the rubbing. As seen in Fig. 2, the surface of
the dual alignment layer gradually became rough with the
rubbing in accordance with the results by Kumar et al.19 The
effect of rubbing induces to create a physical groove and
orient the polymer chain along the rubbing direction in the
alignment layer. Although both the groove and oriented poly-
mer chain play roles in aligning the LC molecules, the pretilt
angles are mainly determined by the oriented polymer
chains.20 However, in a single alignment layer system, the

limit of the area fraction of the oriented polymer chain and
the increase in surface polarity produced by the rubbing
make it difficult to continuously control the pretilt angle
from a vertical alignment to a planar alignment.21 By con-
trast, a dual alignment layer can easily generate arbitrary
pretilt angles by the effect of the under layer on the interac-
tion between the LC molecules and alignment layer. In the
dual alignment layer system, the rubbing converts the upper
layer to a tilted vertical alignment layer and makes a physical
groove along the rubbing direction. The resultant physical
groove results in trough region and crest region in upper
alignment layer, inducing a distance difference between the
under layer and LC molecules in each region. While the
underlayer strongly interacts with the LC molecules in the
trough region of the groove, the interaction between the un-
der layer and the LC molecules is weak in the crest region
due to their greater separation. Eventually, while the upper
layer of PDMS favoring vertical alignment is dominant in
the crest region, in trough region the LC molecules are
mainly affected by the planar under layer leading to dual
easy axis. The dual easy axis competes with each other, and
consequently promotes an intermediate pretilt angle. In addi-
tion, as the number of rubbing increases, the alignment layer
becomes rougher, increasing the influence of the planar re-
gion on the LC molecules due to increasing the number of
groove and groove depth. The pretilt angle, therefore, be-
comes lower with rubbing, and the dual alignment layer may
promote arbitrary pretilt angles with rubbing.

To observe the dual alignment layer effect on the LC
pretilt angle, we fabricated an antiparallel cell for measure-
ment of the pretilt angle. The cell gap was 50 �m, and a LC
�MJ001929, Merck, German� with positive dielectric aniso-
tropy was injected in the isotropic phase. The pretilt angle
was measured relative to the planar direction. Figure 3 shows
the pretilt angles and conoscopy images for different num-
bers of rubbings. The pretilt angle was easily controlled,
ranging from 90° to 20° depending on the number of rub-
bings. With no rubbing, the dual alignment layer promoted
the vertical alignment of LC molecules due to the hydropho-
bicity of the PDMS and the influence of the under layer
being completely screened. However, when the dual align-
ment layer was rubbed, the competition between interactions
in crest region and trough region promoted the change in the

FIG. 1. �Color online� Schematic illustrations for the fabrication of the dual
alignment layer and surface morphology of the rubbed dual alignment layer.

FIG. 2. �Color online� AFM images of the rubbed PDMS surface in the dual
alignment layer for the different numbers of rubbings.

023507-2 Kim et al. Appl. Phys. Lett. 91, 023507 �2007�



LC pretilt angle, changing the pretilt angle anywhere from
90° to 20°.

Using the alignment layer with an intermediate pretilt
angle �52°�, a pi cell was fabricated. The rubbing directions
on both substrates were parallel to each other and the cell
gap was about 4.2 �m. To contrast the behavior of the inter-
mediate pretilt pi cell with a conventional pi cell, a second pi
cell was constructed with single polyimide alignment layer
�AL 2001� that promotes a pretilt angle of 4°. Figure 4 shows
both the voltage-transmittance curves of the conventional pi
cell with a low pretilt angle and the pi cell with an interme-
diate pretilt angle. While the conventional pi cell required an
initial setting voltage to create an initial bend state, the dual
alignment layer with an intermediate pretilt angle resulted in
a no-bias pi cell. This is because the bend state is energeti-
cally more stable than the splay state when the pretilt angle is
above 47°.5 Although the stability problem of the intermedi-

ate pretilt angle suggests the need for future research, the
dual alignment layer in this work shows considerable poten-
tial as a developed alignment layer for application in various
LC modes.

In conclusion, we fabricated a no-bias pi cell using a
dual alignment layer with an intermediate pretilt angle via a
rubbing. The introduction of dual alignment layers made it
possible to achieve various pretilt angles ranging from 90° to
20° with rubbing through the under layer effect on LC align-
ment. Moreover, an intermediate pretilt angle played a role in
overcoming the initial setting voltage in the pi cell. In addi-
tion, because the dual alignment layer can easily control the
initial pretilt angle through the thickness ratio of the dual
alignment layer and the rubbing conditions, it has potential
for various applications, including the no-bias pi cell.
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FIG. 3. �Color online� Variation of the pretilt angle with the number of
rubbings. The inset represents the conoscopy images of the LC cell with
various pretilt angles.

FIG. 4. �Color online� Voltage-transmittance curves of pi cells with a low
pretilt angle �red dots� and an intermediate pretilt angle �black squares�.
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