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Fabrication of a Dual-Gap Substrate Using the Replica-molding Technique for

Transflective Liquid Crystal Displays

Yeun-Tae Kim™*, Jong-Ho Hong ", Seong-Min Cho ™", and Sin-Doo Lee"

Abstract

A replica-molding method of fabricating a dual-gap substrate for transflective liquid crystal (LC) displays is demonstrated.

The dual-gap substrate provides homeotropic alignment for the LC molecules without any surface treatment and embedded bile-

vel microstructure on one of the two surfaces to maintain different cell gaps between the transmissive and reflective subpixels.

The proposed transflective LC cell shows no electro-optic disparity between two subpixels and reduces the panel thickness and

weight by 30% compared to the conventional transflective LC cell, which has two glass substrates.
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1. Introduction

Transflective liquid crystal displays (LCDs) are widely
used in portable devices such as cellular phones, personal
digital assistants, and the recent netbook computers because
of their low power consumption, good readability both in-
doors and outdoors, and high portability. Generally, an indi-
vidual pixel of a transflective LCD is separated into two sub-
pixels: the transmissive (T) and reflective (R) regions. The
two regions are used for transmitting light from the backlight
unit, and for reflecting the ambient light, respectively. To
compensate for the optical-path difference (OPD) between
regions T and R, several LC modes, including an electrically
controllable birefringence mode [1], a vertical aligned mode
[2], a hybrid aligned nematic mode [3], an in-plane switching
mode [4], and a fringe-field switching mode [5], have been
proposed in either a single- or a dual-gap configuration. The
dual-gap configuration is used in most cases since it provides
maximum light efficiency and has a simple optical structure.
It suffers, however, from high fabrication cost and low yield
for the compensation of the OPD between the two subpixels.
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Furthermore, two driving schemes are required for regions T
and R due to the disparity between the electro-optic (EO)
properties of the two subpixels. Therefore, a new approach to
a simple and cost-effective process must be developed for
practical applications.

In this work, a replica-molding technique for fabricat-
ing a dual-gap substrate for a transflective LCD is demon-
strated. The dual-gap substrate, used as a top substrate in
the proposed transflective LC cell, provides bilevel micro-
structures on one of the two surfaces to maintain two differ-
ent cell gaps in regions T and R, and allows for a spontane-
ously vertical alignment. The proposed transflective LC cell
shows no EO disparity between regions T and R and re-
duces the volume and weight by about 30% compared to
the conventional transflective LCD with two glass sub-
strates.

2. Construction of a Transflective LCD
with a Dual-Gap Substrate

A replica-molding technique that can easily duplicate
information like the geometric shape stored in the master,
was used to fabricate a dual-gap substrate with multifunc-
tions. The details of the fabrication process were discussed
earlier [6]. Since the polydimethylsiloxane (PDMS) surface
provides a low surface energy and hydrophobicity [7], the
LC alignment induced by the PDMS surface was first ex-
amined. It is known that a surface with low hydrophobicity
aligns the LC vertically [8, 9]. An LC cell with two PDMS
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Fig. 1. The vertical alignment properties of PDMS: (a) a sche-
matic diagram of an LC cell with PDMS substrates, along with
microscopic textures; (b) the transmittance curve corresponding to
each rotation angle measured through the crystal rotation method,;
and (c) the luminance graph in the absence of a voltage.
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Fig. 2. The construction of the proposed transflective LC cell with
a dual-gap substrate: (a) the geometric shape of the dual-gap sub-
strate; and (b) the schematic diagram of the proposed transflective
LC cell showing the crossed polarizers, QWP, reflector, and in-
plane electrodes.

substrates was prepared as shown in the left diagram in Fig.
1(a). The cell thickness was maintained using a 50-um-
thick film spacer, and the LC material that was used was
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ZLI 2293 (Merck), whose birefringence and dielectric ani-
sotropy are 0.1322 and 10, respectively. At the right side of
Fig. 1(a), microscopic textures observed with a polarizing
optical microscope (Optiphot2-pol, Nikon) under crossed
polarizers are shown. A dark state was always produced
irrespective of the rotation of the LC cell between the
crossed polarizers, indicating that the LC molecules were
vertically aligned. To estimate the pretilt angle of the LC on
the PDMS surface, the transmittance was measured, using
the crystal rotation method [10], as a function of the rota-
tion angle, as shown in Fig. 1(b). It was found that the pre-
tilt angle of 89.7° was obtained using the center angle of -
1.5° in the symmetric transmittance curve in Fig. 1(b). Fig.
1(c) is the luminance graph of the LC cell, showing the typ-
ical luminance of the vertically aligned state, measured us-
ing a spatial photometer (EZ contrast 160R, ELDIM).

Fig. 2(a) shows the geometric shape of the dual-gap
substrate that was used for constructing the proposed trans-
flective LCD. The physical dimensions of W,, W, H,, H,,
and B of the dual-gap substrate were 100, 200, 20, 1.2, 2.4,
and 250 um, respectively. Fig. 2(b) shows the schematic
diagram of a single-mode transflective LC cell with dual
cell gaps, where one of the two substrates is a dual-gap one
(the top substrate) and the other is a glass substrate with in-
plane electrodes (the bottom substrate). To produce nearly
identical transmission curves between regions T and R, dif-
ferent cell gaps and intervals of the in-plane electrodes be-
tween regions T and R were designed with the help of nu-
merical simulation [6]. The cell gap and interval of the in-
plane electrodes in region T are 2.4 and 20 pum, respectively,
and 1.2 and 10 pm in region R, respectively. The proposed
transflective LC cell is composed of two crossed polarizers,
a quarter-wave plate (QWP), a reflector, and two vertically
aligned LC layers in regions T and R. The optic axis of the
QWP is at an angle of 45° to one of the two crossed polariz-
ers. The in-plane electrodes were placed at 45° to the optic
axes of the crossed polarizers, as shown in Fig. 2(b). For the
vertical alignment of the LC molecules, JALS 684 (Japan
Synthetic Rubber Co.) was coated on the bottom substrate
with in-plane electrodes. A square-wave voltage with a fre-
quency of 1 kHz was applied to the proposed transflective
LC cell to measure the EO transmission and the response
times. The measurements were carried out using a digitizing
oscilloscope (TDS320, Tektronix) and a light source of a
He-Ne laser with a wavelength of 632.8 nm, at room tem-
perature.
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3. Results and Discussion

We discuss the EO properties of the proposed trans-
flective LC cell with a dual-gap substrate in the vertically
aligned LC configuration. The operation principle of the
proposed transflective LCD is depicted in Fig. 3. As shown
in Fig. 3(a), in region T, the linearly polarized light passing
through the vertically aligned LC layer experiences no
phase retardation; thus, the incident light is completely
blocked under the crossed polarizers in the absence of the
applied voltage. In region R, the linearly polarized incident
light undergoes the optical retardation of A/2 due to the
QWP and the reflector, where A is the wavelength of the
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Fig. 3. The operation principle of the proposed transflective LC
cell: (a) a dark state (field-off); and (b) a bright state (field-on).
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Fig. 4. The normalized transmittance and the reflectance of the pro-
posed transflective LC cell, along with microscopic textures. Here, the
open circles (blue) and the open triangles (red) denote the experimen-
tal results of the transmittance and the reflectance, respectively.
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Fig. 5. The dynamic response of the proposed transflective LC
cell: (a) the rising and falling times in region T; and (b) the rising
and falling times in region R.

light. The outcoming light is then blocked by the front po-
larizer, and a dark state is obtained when no voltage is ap-
plied. Since the LC molecules in the two regions are reori-
ented along the in-plane electric field in the presence of an
applied voltage, the phase retardation occurs in both regions
T and R, as shown in Fig. 4(b). In region T, the linearly
polarized incident light is transmitted through the front po-
larizer due to the phase retardation of the LC layer. In re-
gion R, the incident linearly polarized light undergoes opti-
cal retardation between A/2 and 3A/4 due to the LC layer,
QWP, and reflector. As a result, a bright state in region R is
produced under the applied voltage.

In Fig. 4, the normalized transmittance and the reflec-
tance of the proposed transflective LC cell are shown as a
function of the applied voltage, along with the microscopic
textures observed with a polarizing optical microscope un-
der the crossed polarizers. The transmittance and reflec-
tance were normalized for the examination of the EO dis-
parity between regions T and R. As shown in Fig. 4, the EO
characteristics in regions T and R were nearly identical to
each other. This allows for the use of a single driving
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scheme to operate the proposed transflective LCD. The mi-
croscopic textures were observed without the reflector to
distinguish between regions T and R. In the absence of an
applied voltage, no light was transmitted through the pro-
posed LC cell, and a dark state was thus obtained between
regions T and R. Under an applied voltage of 20 V, the LC
molecules were reoriented along the in-plane electric field,
and light was transmitted through the proposed LC cell due
to the phase retardation through the LC layer. As shown in
Fig. 4, region T was somewhat brighter than region R since
the phase retardation in region T was approximately twice
of that in region R at the same applied voltage.

The dynamic EO response in region T and that in re-
gion R are shown in Fig. 5(a) and (b), respectively. The
rising time (from 10% to 90% transmittance) and falling
time (from 90% to 10% transmittance) in region T were T,
=7.49 ms and 1, = 5.43 ms, respectively, and in region R,
Ton = 6.67 ms and 1, = 3.07 ms, respectively. Note that the
measured switching times are fast enough for video rate
applications.

4. Conclusions

A new type of transflective LCD using a dual-gap sub-
strate in a vertically aligned LC configuration was pre-
sented. The dual-gap substrate fabricated using the replica-
molding technique is capable of maintaining two
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different LC thicknesses between the two subpixels, and of
spontaneously aligning the LC molecules vertically. The
EO characteristics in regions T and R were found to be
quite similar, making a single driving scheme applicable.
The proposed approach of using a dual-gap substrate for
constructing a transflective LCD presented here will pro-
vide better portability as well as a cost-effective process.
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