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Abstract—A lightweight in-plane-switching liquid crystal dis-
play (IPS-LCD) using a single glass substrate and an anisotropic
polymeric film is demonstrated. The liquid crystal molecules are
aligned by the elongated polymer grain of the film. The alignment
capability of the anisotropic film is comparable to a buffed poly-
imide layer. Compared to the LCD using two glass substrates, our
new device exhibits a comparable contrast ratio ( 514:1), driving
voltage, and response time because of good LC alignment. Such
an anisotropic film can also function as a phase compensation film
for widening the viewing angle. This technology is particularly
attractive for making single-substrate displays and also has poten-
tial for a double-layered guest-host display and a flexible display
using IPS LCDs.

Index Terms—Anisotropic polymer film, in-plane switching,
single-substrate liquid crystal display (LCD).

I. INTRODUCTION

MOST liquid crystal display (LCD) devices use two glass
substrates in order to confine the fluidic liquid crystal

(LC). To align the LC molecules, the inner surfaces of the sub-
strates are usually coated with a thin polyimide (PI) layer. These
PI layers are mechanically buffed to produce uniform pretilt
angle. To reduce weight, the single glass or plastic substrate ap-
proach has been explored recently in which the LC device con-
sists of a glass substrate and a thin polymer film. Although the
polymer film does not have electrode, it can still be used in the
in-plane-switching (IPS) mode where the striped electrodes are
located on the bottom glass substrate.

IPS LCD is an important technology for achieving
wide-viewing angle. The typical IPS LCD consists of two
glass substrate with rubbed polyimide. One of the substrates
has electrode stripes in order to provide in-plane electric fields.
In the voltage-off state, the LC directors are parallel to the
striped electrodes. As the voltage exceeds a threshold, the LC
directors are rotated by the in-plane electric field. In order
to reduce the weight of an IPS LCD which has two glass
substrates, several display manufacturers are using thinner
glass substrates. However, to prevent the breaking of the thin
glass substrates the cost and assembly processes are relatively
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complicated. By replacing a glass substrate with a polymer
film, a single glass substrate IPS LCD is a promising approach
for reducing the weight of LCDs.

Several of such single-substrate IPS-LCDs have been
demonstrated. Penterman et al. [1]–[3] proposed the photo-
enforced stratification (PES) method where the polymer walls
and a cover substrate are formed after photo-induced phase
separation processes. Kim et al. [4] proposed single substrate
devices by using phase separated composite film (PSCOF) as a
cover substrate. But in both methods the top polymer film does
not have capability to align the LC molecules and the polymer
walls can cause light scattering. The polymeric film without
alignment capability would reduce the device contrast ratio
and lengthen the response time because of its weak anchoring
strength. To overcome these drawbacks, some research groups
proposed thin aligned-polymer film method. Sato et al. [5]
developed a fluorinated polymer film for aligning LC on plastic
substrates, however, it still requires rubbing process. Murashige
et al. [6] demonstrated a molecule-aligned LC polymer film.
The film was coated on the surface of a rubbed polyimide
substrate. A partial photo-polymerization process was required
in order to achieve uniform alignment within the film. The
anchoring strength of the film is about one order of magnitude
weaker than that of the buffed polyimide. The method used
to align the LC molecules near the top polymer film of the
single-substrate LCD remains an urgent technical challenge.

In this paper, we developed new processes for making an
anisotropic polymer film. We also demonstrate a single- sub-
strate IPS LCD using an anisotropic polymer film as the top sub-
strate. The performances, such as contrast ratio, driving voltage,
and response time, are comparable to the two-glass- substrate
IPS LCDs. The function of this polymer film is versatile. It not
only serves as a top substrate but also aligns the LC molecules
without any rubbing treatment. Furthermore, by controlling the
fabrication process the polymeric film can also function as a
phase compensation film. This technology can be extended for
making high-contrast double-layered guest-host displays and
flexible displays using IPS LCDs.

II. EXPERIMENT

The materials we used for fabricating the aligned-polymer
film are a Merck E7 nematic LC mixture, photo-initiator
IRG184, and an LC monomer RM-257 (4-(3-Acryloyloxy-
propyloxy)- benzoic acid 2-methyl-1,4-phenylene ester) mix-
ture. The concentration of IRG184 is 1 wt%. Fig. 1 plots the
phase diagram of the LC/monomer mixture at various con-
centrations before UV curing. The LC/ monomer mixture was
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Fig. 1. Phase diagram of the E7/RM257 mixtures. All the mixtures have 1
wt% IRG184 photo-initiator.

injected into a homogeneous cell with 12 m gap and then
the cell was exposed to a ultraviolet (UV) light with intensity

mW/cm for min at a constant temperature.
After UV exposure, the two substrates of the homogeneous
cell were peeled off and a stratified anisotropic film with
12 m thickness was obtained. Based on our experiment, at
a fixed curing temperature the anisotropic polymer film is
more flexible if the monomer concentration is lower. When the
monomer concentration is between 70wt% and 100 wt%, the
anisotropic polymer film can align LC molecules as long as
the UV curing temperature is within the nematic phase. In the
isotropic phase, the film’s alignment capability is rather weak.
Curing temperature also influences film’s flexibility. In the rest
of this paper, the aligned-polymer film used consists of E7,
IRG184, and RM257 at 9:1:90 wt% ratios and the UV curing
temperature is 90 C. The LC/monomer mixture has a nematic
phase between 65.3 C and 115.5 C before UV curing.

The detailed cell structure is depicted in Fig. 2. Our LC cell
consists of a top anisotropic polymer film and a bottom IPS glass
substrate. An IPS glass substrate which was overcoated with a
thin polyimide layer and then mechanically buffed was used as
the bottom substrate. The electrode width is m and the
electrode gap is m. The rubbing direction of the glass
substrate is 10 with respect to the electrode stripes. The cell gap
between the anisotropic polymeric film and the IPS substrate
is m. The orientation of the LC directors within the
anisotropic film was anti-parallel to the rubbing direction of the
IPS substrate. The LC mixture employed for the IPS cell is also
E7. The uniformity of the cell gap is not an issue because the
film is laminated on a sheet polarizer. We used one-drop filling
method to fill the LC cell. The sample size of the IPS cell is
around 25 mm by 25 mm.

To further observe the surface morphologies of the
anisotropic polymer film, an atomic force microscope (AFM)
(Dimension 3100, Digital Instruments) was used to image the
rubbed polyimide surface and anisotropic polymer film surface
as shown in Fig. 3. Silicon nitride cantilever with a normal
spring constant of 30 N/m and an apical radius of 20 nm was
used. The AFM measurements were performed in tapping
mode at a scan rate of 1 Hz in air under ambient conditions. In
Fig. 3(a) and (b), the anisotropic polymer film is rougher than
the rubbed PI film whose thickness is nm. In Fig. 3(b),
the surface of the anisotropic polymer film shows elongated

Fig. 2. Device structure of an IPS LC cell consisting of a top anisotropic
polymeric film and a bottom ITO-glass substrate. The thickness of the top
anisotropic film is 12 �m, and the cell gap is also 12 �m. (Color version
available online at http://ieeexplore.ieee.org.)

Fig. 3. AFM images of: (a) the rubbed PI film surface and (b) the
anisotropic polymer film surface. The LC directors are aligned along the
arrow. The color bars indicate the height. (Color version available online at
http://ieeexplore.ieee.org.)

aggregation of polymer grains along the arrow direction. The
rms roughness of the surface can be defined as rms average of
height deviations taken from the mean data plane. Then, the
rms roughness of the surface of the anisotropic polymer film is
1.52 nm. The LC molecules tend to align along the direction of
the elongated polymer grains in order to minimize free energy.

The physical mechanism of how the anisotropic film aligns
the LC molecules is not yet completely understood. A specu-
lated mechanism is due to the nano-structure of the elongated
polymer grain. Before photo-polymerization, the LC molecules
and LC monomers are aligned by the rubbed PI layers. After
phase separation, the polymer grain of the polymeric film aggre-
gates and elongates along the rubbing direction. During fabrica-
tion process, when we peel off the polymer film from the ITO
glass substrates the LC molecules near the surface stay on the
glass substrates which leave the anisotropic polymer film with
valleys and polymer network structures. When the polymeric
film is used as a top substrate, the injected LC tends to fill the
valleys and follow the elongated polymer grain direction. The
film seems to have memory effect before it is peeled off from
the PI cell. The size and the structure of the polymer grains de-
pend on the fabrication conditions. These factors will undoubt-
edly affect the anchoring strength and the molecular alignment
of the IPS cell.

III. RESULTS AND DISSCUSSIONS

Fig. 4(a) shows the microscope photos of the single-substrate
IPS cell covered by the top anisotropic polymer film under
crossed-polarizers at , and 10 V . A white light was
used for taking the microscope photos. The optical axis of the
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Fig. 4. Microscopic photos taken from a polarizing microscope at different
voltages with crossed polarizers. (a) Our anisotropic film-glass IPS cell and (b)
the conventional IPS cell. The two black zigzags in the photos are TFT source
lines. (Color version available online at http://ieeexplore.ieee.org.)

bottom polarizer was oriented parallel to the LC rubbing direc-
tion. At , a very good dark state is achieved indicating
that the LC directors are well aligned. The threshold voltage of
the cell is V which corresponds to V m
(note that m). As the voltage exceeds , the
transmittance increases gradually because the LC directors
begin to follow the external electric field. For comparison, a
conventional IPS cell was also prepared, i.e., the bottom glass
substrate has interdigitated ITO electrodes and the top substrate
is a plane glass with rubbed polyimide. The rubbing direction
of the top substrate is anti-parallel to the bottom IPS substrate.
Fig. 4(b) shows the microscopic textures of the conventional
IPS cell. Compared with Fig. 4(a) and (b), our single-substrate
IPS cell has very similar dark and bright states to the conven-
tional IPS cell. This indicates that our anisotropic polymer film
exhibits an excellent alignment capability. The contrast ratio
can be measured quantitatively from Fig. 5.

Fig. 5 compares the voltage-dependent transmittance (VT) of
the single-substrate IPS cell (black line) with the conventional
IPS cell (gray line). To measure the VT curves, the cells were sit-
ting between two crossed polarizers. A standard white light was
used in this experiment. The transmittance of these two curves
overlaps quite well. The saturation voltage is V for both
cells. The contrast ratio (CR) is defined as the ratio of the max-
imum transmittance to the minimum transmittance. The con-
trast ratio of our single-glass-substrate IPS cell was measured
to be 514:1 which is comparable to the conventional IPS cell.
Our single-substrate IPS cell exhibits a much higher contrast
ratio than all previously reported structures in the same cate-
gory [1]–[4] because the anisotropic film we developed, indeed,
has a very good alignment capability.

In addition to enhancing contrast ratio, the anisotropic film
also contributes to the fast response time because of its strong
anchoring energy (similar to that of the buffed PI film). We mea-
sured the rise and decay times of our single-glass-substrate IPS
cell and compared results with the conventional IPS cell. Re-
sults are shown in Fig. 6. At V , the measured rise
and decay times are 8 and 63 ms for our glass-film IPS cell and
7 and 69 ms for the conventional IPS cell. The comparable re-
sponse times of both cells indicates that our anisotropic film has

Fig. 5. Voltage-dependent transmittance of our anisotropic-film-glass IPS cell
(black line) and the conventional IPS cell (gray line).

Fig. 6. The measured response time of our film-glass IPS cell. The rise time
is � 8 ms and decay time � 63 ms. Cell gap d � 12 �m.

a similar anchoring strength as the buffed PI alignment layer.
The observed slow decay time in both cells is due to: 1) the
thick LC layer m employed and 2) the relatively
high viscosity of the E7 LC mixture. For a practical IPS LCD,
the cell gap is 5 m and the LC viscosity is low. Under such
a circumstance, the decay time should be reduced to ms
and voltage dropped to 5 V . It is known that E7 is not a
TFT-grade LC. The reason we used E7 is simply because it is
available in our laboratory.

The anisotropic polymer film we fabricated has birefringence
at nm. Since the device is operated in IPS

mode and the polarizer is parallel to the anisotropic direction of
the film, the of the film does not affect the EO properties.
For a practical display, the birefringence of the anisotropic film
can be an advantage for compensating the light leakage of the
crossed-polarizers in the IPS mode [7]. By controlling the fabri-
cation process, such as the UV curing temperature, the polymer
film can be made either anisotropic or isotropic depending on
the applications. Thus, this type of film can be used as a phase
compensation film besides the IPS LCD. In general, the bire-
fringence of a LC or LC polymer decreases as the temperature
increases [8], [9]. As shown in Fig. 1, the E7/RM257 mixture
exhibits a nematic phase between 65.3 C and 115.5 C. Thus,
within this range if the UV curing temperature increases, then
the film’s birefringence would decrease. If the UV curing tem-
perature is higher than 115.5 C (the clearing temperature of
LC/RM257), the polymer film would become isotropic. More-
over, the flexibility of the film can be controlled by changing the
concentration of RM257. The film is more flexible as the con-
centration of RM257 decreases. Substrate flexibility is one of
the critical issues for flexible displays.
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The ambient temperature can affect the LC alignment because
of the thermal expansion of the elongated polymer film. How-
ever, our LC device is operated at room temperature, so the film
still has good alignment capability.

With molecular alignment capability, the anisotropic film
enables other LC operation modes to be considered for display
applications. For example, the twist type IPS cell can be con-
sidered by using an IPS glass substrate and our anisotropic film
whose alignment direction is orthogonal to the bottom sub-
strate. Such as an anisotropic polymer film can also be used for
a double-layered guest–host (GH) display [10] or a double-lay-
ered LC phase modulator [11]. Although some research groups
[12]–[14] proposed crossed-stacked GH LCD using either
PI-coated glass substrate or a mylar film as a cell separator.
The parallax problem is unavoidable because of the extra glass
substrate. The mylar film cannot align LC molecules because
its glassy temperature is lower than the baking temperature
of polyimide. Without alignment, the contrast ratio is greatly
sacrificed. The middle cell separator of the double cell GH
LCD can be replaced by our anisotropic polymer film which
not only reduces the parallax but also increases the contrast
ratio. A tradeoff is the increased driving voltage because the
polymer film shields the applied voltage.

IV. CONCLUSION

We have demonstrated a lightweight single-glass-substrate
IPS LCD using an anisotropic polymer film. The anisotropic
polymer film has the comparable alignment capability to the
rubbed PI film. As a result, similar contrast ratio, response time,
and voltage-dependent transmittance to a conventional IPS cell
employing two glass substrates are obtained. The LC molecules
are aligned by the elongated polymer grains. Besides, the poly-
meric film is birefringent which can be also used as a phase
compensation film for improving the viewing angle of the IPS
LCD. Although there are some technical difficulties for making
large-sized and uniform anisotropic polymer film, potential ap-
plications of such an anisotropic film for a double-layered GH
display and flexible display are still foreseeable.
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