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Single Gap Transflective Liquid Crystal Display with Dual Orientation of Liquid Crystal
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We propose a single-cell-gap transflective liquid crystal display (LCD) with dual orientation of LC at an initial state. Owing to
hybrid alignment in the reflective region, the effective cell retardation value becomes half of that in the transmissive region
where the LCs are homogenously aligned. Consequently, a transflective display driven by a vertical or fringe electric field

with a single cell gap and high image quality is realized.
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Recently, the role of transflective liquid crystal displays is
becoming important because they can be used both outdoors
and indoors with relatively lower power consumption than
that of transmissive displays."? Previous results from
homogenous cells with a compensation film driven by a
vertical electric field (named ECB),>” as well as a fringe
electric field (named FFS)® with dual-color-filter structures
for dual-cell-gap and single-gap transflective displays using
multidriving circuits,'” have been reported. For a trans-
flective display with a multidriving circuit where the LCs are
vertically aligned (VA) at the initial state, a single-cell -gap
is used but the cost of circuit parts increases. In the dual-gap
structure, the cell gap (d) in the transmissive (T) region is
twice that in the reflective (R) region since the optimal cell
retardation values in the 7" and R regions should be half-
wave plate (1/2) and quarter-wave plate (1/4), respectively,
and thus the fabrication process is relatively complex
compared with that of pure reflective or transmissive LCDs.
Furthermore, the cell retardation value in the area between
the 7" and R regions is between A /2 and A /4, and, as such, it
causes light leakage in the normally black (NB) mode and
nonuniformity in image quality in the normally white (NW)
mode. In addition, the ECB and VA cells show a very
narrow viewing angle in the 7 region since the LC director
tilts toward one direction causing a strong transmittance
difference according to the viewing direction.

To solve the dual-gap and narrow viewing-angle prob-
lems, a new cell structure has been devised for the
transflective display using a single cell gap which could be
driven by either a vertical or fringe electric field, where the
LC has a hybrid alignment in the R region and a
homogenous alignment in the T region.!” The detailed
electrooptic characteristics are described in each case.

Figure 1 shows LC alignment in the single-cell-gap
transflective display. In the R region, the LC has a hybrid
alignment while it has a homogenous alignment in the T
region. The LC on the bottom substrate has homogeneous
alignment in both regions while the LC has dual alignment
on the top substrate. The homogenous alignment of the top
substrate is made possible by exposing a vertical alignment
using UV'? or ion beam'? into the transmissive area.
However, in this study, the top substrate is covered by a
homogenous alignment material at first and then after
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Fig. 1. LC orientation in the single gap transflective LCD.

blocking the T region with a protective film, the vertical
alignment material is coated on a homogenous alignment
material in the R region. As a result, the effective cell
retardation value in the R region equals about half of the T
region,'V i.e., when it is /2 in the T region, it falls to 1/4 in
the R region. Owing to this, a single-gap transflective display
is realized.

Figure 2 shows the optical cell configuration of single gap
transflective displays using a vertical field and a fringe field.
For a vertical field driven cell in the ECB mode, the NW
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Fig. 2. Optical components of transflective TFT-LCD driven by (a)
vertical field and (b) fringe field.
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display was evaluated, whereas for a fringe-field-driven cell
in the FFS mode, the NB cell was evaluated because the
optic axis with a given retardation value rotates in plane
according to bias, instead of a decrease in the retardation
value such as in the ECB cell. For the FFS cell,
compensation films of A/2 are inserted on the top and
bottom of the LC layer, as shown in Fig. 2(b). In the device,
the first electrode divides into the reflective and transparent
regions and a transparent indium-tin-oxide (ITO) pixel
electrode with a width of approximately 3 um is located
above the passivation layer with some distance.

To evaluate the electrooptic characteristics of the pro-
posed device, calculations were performed on the trans-
mittance and reflectance using the 2 x 2 extended Jones
matrix.'? In the ECB cell, the LC with a birefringence (An)
of 0.089 and dielectric anisotropy (Ag¢) of 7.4 was used and
the cell gap (d) was 3.4 um. In the FES cell, the LC with An
of 0.070 and Ae of —4.0 was used and the d was 4 um. The
pretilt angle of the bottom substrate was 2° in both the R and
T regions, but on the top substrate, it was 2° and 90° in the T
and R regions, respectively. The transmittance in the two
parallel polarizers was assumed to be 0.35. Figure 3 shows
detailed optical configurations of each layer in the ECB and
FFES cells. In the ECB cell, the slow axes of each layer are
the same as those described in the previous report except that
the LC has a hybrid alignment in the R region.” In the FFS
cell, in order to improve the viewing angle in the 7 region,
the polarizer makes angles of 75° and 15° with the 4/2
compensation film and the LC layer, respectively.!” As
such, the linearly polarized light vibrating at 177° in the T
region propagates in the direction of 87° after passing
through the film, the LC layer and the film again, and thus
the cell appears to be black. With bias voltage, the LC
rotates by 45° due to the fringe field and then a white state is
obtained. Figure 4 shows voltage-dependent reflectance and
transmittance curves in the ECB and FFS cells when the
incident light is 550 nm. In the ECB cell, the light efficiency
is very high but the driving voltage is also rather high since a
high voltage is required to completely remove the residual
phase. In addition, the R region has a lower threshold voltage
than the T region, which may require dual driving circuits to
generate the same grey level color chromaticity in the 7" and
R regions. In the FFS cell, the R region has a slightly higher
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Fig. 3. Cell configuration of the single gap transflective LCDs used for
simulation in the (a) ECB mode and (b) FFS mode.
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Fig. 4. Voltage-dependent light efficiency in the (a) ECB and (b) FFS
cells when the wavelength of the incident light is 550 nm.
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Fig. 5. Wavelength dependence of dark and white states of the 7 and R
regions in the (a) ECB and (b) FFS cells.

light efficiency than that in the T region since the optimal
cell retardation value for maximal light efficiency is slightly
different in each region. Figure 5 shows the wavelength
dispersion of the dark and white states in the ECB and FFS
cells. In the ECB cell, the wavelength dispersion of the dark
state in both the R and 7 regions was very small due to the
use of a wide-band quarter-wave film (QWF). Even in the
FFS cell, good wavelength characteristic is obtained.
Figure 6 shows isocontrast curves in the 7 and R regions
in each mode for an incident light of 550 nm. In the ECB
cell, the region in which the contrast ratio is greater than 5
exists at a polar angle of more than 40° in all directions of
the R region, but it is limited to 40° in the T region due to
grey scale inversion. In the FFS cell, it exists at a polar angle
of more than 50° in all directions in both the T and R regions
with the absence of grey-scale inversion. From the results,
one can conclude that the ECB cell has advantages in term
of light efficiency while the FFS cell has strong merits in
terms of the image quality.

Several test cells were fabricated to compare with
calculated results. Here, the homogenous and vertical
alignment materials, AL16139 and AL00010, respectively,
from the Japan Synthetic rubber, were used. The physical
properties of the superfluorinated LCs are the same as those
used in the simulation. The cells which were manufactured
by the above-mentioned method, have dual alignment and
they were observed under a polarizing microscope. Figure 7
shows optical photomicrographs of the dark and white states
in the ECB and FFS cells, respectively. In the ECB and FFS
cells, the transmitted light shows different intensities in the R
and T regions, which indicates that the cell retardation
values in the 7 and R regions are different from each other.
Furthermore, a good dark state is observed without showing
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Fig. 6. Isocontrast contour at an incident wavelength of 550nm for the
transmissive region in (a) ECB and (c) FFS cells and that for the reflective
region in the (b) ECB and (d) FFS cells.
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Fig. 7. Optical photomicrographs of dark and white states of the 7" and R
regions in the (a) ECB and (b) FFS cells.

any disclination lines between domains because the LC
director tilts toward the same direction along the vertical
field in the ECB cell and rotates in the same direction along
the fringe electric field in the FFS cell in the R and T
regions, even though the LC has dual orientation. Figure 8
shows voltage-dependent transmittance and reflectance
curves in the ECB and FES cells. Both results show very
similar curves with calculated results. As expected, the ECB
cell shows a better light efficiency than the FFS cell while
the driving voltage in the FES cell is slightly lower than that
in the ECB cell.

In summary, a single-gap transflective display with dual
orientation, in which the LC has a hybrid alignment in the R
region and a homogenous alignment in the 7 region, is
proposed. Through this dual orientation, the cell retardation
value may be as high as 0.28 um, allowing the transflective
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Fig. 8. Measured voltage-dependent transmittance and reflectance curves

in the (a) ECB and (b) FFS cells when the wavelength of the incident light
is 550 nm.

display to have a high single cell gap. The device driven by a
fringe electric field particularly produces a high image
quality in both the reflective and transmissive regions with a
slight loss of light efficiency. This new device has the
potential to become an integral part of transflective displays.
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