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(57) ABSTRACT

A transflective liquid crystal display device includes a first
and a second substrates, a liquid crystal layer, and a plurality
of reflective electrodes and transparent electrodes. The lig-
uid crystal layer is interposed between the first and the
second substrates and functions in an OCB mode. The
reflective electrode and the transparent electrode in one
picture element are spaced apart from each other to produce
a transverse electric field when a voltage is applied across
the liquid crystal layer.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION
[0001] (a) Field of the Invention

[0002] The invention relates to a transflective liquid crys-
tal display device and, more particularly, to a transflective
liquid crystal display device using an OCB (optically com-
pensated birefringence) technique which realizes a wide
view-field angle and high-speed response.

[0003] (b) Description of the Related Art

[0004] Twisted nematic (TN) cells, which at present are
widely used in thin film transistor (TFT) liquid crystal
display devices, have a small view-field angle and low-
speed respond. To solve this problem, studies on an OCB
(optically compensated birefringence) technique have been
made. Specifically, in case of displaying moving images, a
response time is required in the order of ten milliseconds or
even less, and the OCB technique is possible to obtain a
high-speed response characteristic as well as a wide view-
field angle. Hence, it is the best mode suitable for accom-
modating a recent trend of multimedia and motion picture
processing that allows a vast amount of image data to be
moved on the screen of a display device at high speed.

[0005] FIGS. 1A-1C show schematic diagrams illustrating
the transformation of splay-bend alignment of liquid crystal
molecules in an OCB cell 102.

[0006] Referring to FIG. 1A, the liquid crystal layer
exhibits an initial splay-aligned state when no voltage is
applied across it, where the liquid crystal molecules in the
region A and region B tilt at a very small angle (compared
with the later described angles shown in FIG. 1B and FIG.
1C) to the alignment films 104 and 106. Also, the liquid
crystal molecules in the region C turn to nearly parallel to
the alignment films 104 and 106.

[0007] Next, as shown in FIG. 1B, when a voltage is
applied to the liquid crystal layer exhibiting splay alignment
and gradually increased to approach a threshold voltage Vt,
the splay alignment of liquid crystal molecules is deformed
and transformed to a bend alignment, where the angle
between the liquid crystal molecules and the alignment film
104 in the region A and the angle between the liquid crystal
molecules and the alignment film 106 in the region B are
both increased. Further, the liquid crystal molecules in the
region C are almost perpendicular to the alignment films 104
and 106. At this time, the OCB cell is in a white state and
has maximum brightness.

[0008] Then, when the voltage is continually increased to
exceed a critical voltage Vc, the angle between the liquid
crystal molecules and the alignment film 104 in the region
A, and the angle between the liquid crystal molecules and
the alignment film 106 in the region B are both increased to
a maximum, about 80 degrees or more. Further, most of the
liquid crystal molecules in the region C are perpendicular to
the alignment films 104 and 106. At this time, the aligned
direction of the liquid crystal molecules is almost perpen-
dicular to the absorption axis of a polarizer (not shown), so
the OCB cell is in a dark state. Thus, the OCB mode works
when the applied voltage has a value between the threshold
voltage Vt and the critical voltage Vc.
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[0009] In the OCB cell, the liquid crystal molecules are
well arranged to allow for a reduced friction during rotation,
so that a wide view-field angle and high-speed response are
realized. However, in order to operate an OCB mode LCD
device, the applied voltage should be higher than the thresh-
old voltage Vt. Thus, it may take much time to increase the
applied voltage from zero to reach a threshold value once the
threshold voltage Vt is high. More specifically, the threshold
voltage Vt should be as low as possible to decrease the
response time of the OCB mode L.CD device and to prevent
its thin film transistors from being damaged.

[0010] On the other hand, the OCB technique is typically
used in either a transmission type or a reflection type LCD
device. Though the transmission type LCD device uses
backlight to obtain a bright display independent of surround-
ing environments, the panel brightness is often not sufficient
when the device is exposed to direct sunlight. In compari-
son, a reflection type LCD device employs surrounding light
to effect a display so that a backlight source is omitted;
however, the reflection type LCD device is largely deterio-
rated in visibility in a dark surrounding. Hence, there has
been a strong demand for designing an OCB mode LCD
device that operates at a low threshold voltage and possesses
good visibility in any environment.

BRIEF SUMMARY OF THE INVENTION

[0011] Hence, an object of the invention is to provide an
optically compensated birefringence (OCB) mode transflec-
tive liquid crystal display device that operates at a low
threshold voltage to realize a wide view-field angle and
high-speed response and possesses good visibility in any
environment.

[0012] According the invention, a transflective liquid crys-
tal display device includes a first and a second substrates, a
liquid crystal layer, and a plurality of reflective electrodes
and transparent electrodes. The liquid crystal layer is inter-
posed between the first and the second substrates and
functions in an OCB mode. Each reflective electrode is
formed on the reflective region, and each transparent elec-
trode is formed on the transmissive region of each picture
element of the transflective LCD device. The reflective
electrode and the transparent electrode in one picture ele-
ment are spaced apart from each other to produce a trans-
verse electric field between them when a voltage is applied
across the liquid crystal layer.

[0013] Through the design of the invention, since the
reflective electrode and the transparent electrode are spaced
apart from each other, a traverse electric field applied in
different horizontal directions is produced when a voltage
difference exists between the two separate electrodes.
Hence, in case of having splay alignment of liquid crystal
molecules under the initial state of an OCB mode, the liquid
crystal molecules will tilt toward different directions fol-
lowing the different horizontal directions of the traverse
electric field to result in azimuthal disorder of tilt angle
directions. Under the circumstance, it is easy to create a
great number of transition nucleuses that contribute to
transform the splay alignment into the bend alignment due
to the azimuthal disorder of tilt angle directions. Thereby,
the OCB cell is quickly transformed into a bend-aligned
state to effect a display device, and possible domain defects
(non-transferred splay-aligned regions) are minimized as a
result.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A-1C show schematic diagrams illustrating
the transformation of splay-bend alignment of liquid crystal
molecules in an OCB cell.

[0015] FIG. 2 shows a sectional schematic view illustrat-
ing a transflective LCD device according to an embodiment
of the invention.

[0016] FIG. 3A shows a schematic diagram illustrating
relative distributions of a reflective electrode and a trans-
parent electrode according to an embodiment of the inven-
tion.

[0017] FIG. 3B shows a schematic diagram illustrating
relative distributions of a reflective electrode and a trans-
parent electrode according to another embodiment of the
invention.

[0018] FIG. 3C shows a schematic diagram illustrating
relative distributions of a reflective electrode and a trans-
parent electrode according to another embodiment of the
invention.

[0019] FIG. 4 shows a curve diagram illustrating examples
of the calculation of Gibbs energy in relation to splay
alignment and bend alignment.

[0020] FIG. 5A shows a curve diagram illustrating rela-
tionship between the phase difference .nxdr and the intensity
of reflected light in the reflective region of a transflective
LCD.

[0021] FIG. 5B shows a curve diagram illustrating rela-
tionship between the phase difference .nxdr and the intensity
of transmission light in the transmissive region of a trans-
flective LCD.

[0022] FIG. 6 shows a schematic diagram illustrating an
OCB mode tansflective LCD having optical phase compen-
sators.

[0023] FIG. 7A shows a depiction of an output V-T curve
according to the embodiment shown in FIG. 6.

[0024] FIG. 7B shows a depiction of an output V-R curve
according to the embodiment shown in FIG. 6.

[0025] FIG. 8A-8C show schematic diagram illustrating
another embodiments of the OCB mode tansflective LCD
having optical phase compensators.

[0026] FIG. 9 shows a sectional schematic view illustrat-
ing another transflective LCD device according to another
embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] FIG. 2 shows a sectional schematic view illustrat-
ing a transflective liquid crystal display (LCD) device 10
according to an embodiment of the invention. Though the
transflective LCD device 10 includes a plurality of picture
elements, FIG. 2 simply illustrates one of them since all the
picture elements have identical structures.

[0028] Referring to FIG. 2, a first substrate 12 and a
second substrate 22 are placed to face with each other, and
a liquid crystal layer 28 functioning in an optically com-
pensated birefringence (OCB) mode is interposed between
them. On the first substrate 12 a color filter 14, a common
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electrode 16, and a first alignment film 18 are sequentially
formed. The common electrode 16 is formed from indium
tin oxide (ITO) or indium zinc oxide (IZO) transparent
conductive films. On the second substrate 22 a pixel elec-
trode 24 and a second alignment film 26 are formed. Further,
a first biaxial film 30 and a first polarizer 32 are positioned
in one side of the first substrate 12 opposite to the liquid
crystal layer 28, and a second biaxial film 34 and a second
polarizer 36 are positioned in one side of the second sub-
strate 22 opposite to the liquid crystal layer 28.

[0029] According to the invention, each pixel electrode 24
provided in a picture element, such as provided correspond-
ing to a red, green, or blue sub-pixel, is divided into two
separate parts. As shown in FIG. 2, the isolated first and
second parts of the pixel electrode 24 are spaced apart from
each other by an interval d. In this embodiment, the first part
of the pixel electrode 24 is a reflective electrode 24a made
from film materials having high conductivity and reflectiv-
ity, such as aluminum, silver, or metal alloy, and the second
part is a transparent electrode 245 made from transparent
conductive films, such as indium tin oxide (ITO) or indium
zinc oxide (IZO) films. Hence, each picture element of the
transflective LCD device 10 is provided with a reflective
region Re and a transmissive region Tr to make excellent use
of both environmental light and backlight.

[0030] FIG. 3A shows a schematic diagram illustrating
relative distributions of a reflective electrode and a trans-
parent electrode according to an embodiment of the inven-
tion, on which the rubbing direction of polyimide (PI) of a
liquid crystal cell (LC cell) is denoted as a reference
direction. Referring to FIG. 3A, each pixel electrode 24 is
divided into two separate parts, the reflective electrode 24a
and the transparent electrode 245, which are preferably
formed in substantially the same plane. In this embodiment,
the reflective electrode 24a has a concave portion, and the
transparent electrode 245 has a convex portion complemen-
tary to the concave portion of the reflective electrode 24a.
Hence, when a voltage difference exists between the two
separate electrodes 24a and 24b, a traverse electric field EX
applied in different horizontal directions (all parallel to the
rubbing direction) is produced between the concave and
convex structures. Hence, in case of having splay alignment
of molecules under the initial state of an OCB mode, when
a voltage is applied between the common electrode 16 and
the pixel electrode 24, the liquid crystal molecules will tilt
toward different horizontal directions following the different
directions of the traverse electric field EX to result in
azimuthal disorder of tilt angle directions. Under the cir-
cumstance, it is easy to create a great number of transition
nucleuses that contribute to transform the splay alignment
into the bend alignment due to the azimuthal disorder of tilt
angle directions. This enables swift and reliable transforma-
tion from the splay alignment to the bend alignment.

[0031] FIG. 4 shows a curve diagram illustrating examples
of the calculation of Gibbs energy, where a solid line
indicates the calculation result in relation to the bend align-
ment, and dash lines indicates the calculation results in
relation to the splay alignment. Referring to FIG. 4, in order
to operate an OCB cell, the applied voltage should be higher
than the threshold voltage Vt at which value the calculation
of Gibbs energy under the bend alignment should equal to
that under the splay alignment. According to the invention,
since a transverse electric field is additionally provided as a
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result of the division of a pixel electrode to cause azimuthal
disorder of tilt angle directions, the calculation of Gibbs
energy under splay alignment is raised and its depiction is
shifted from curve P to curve Q, meaning the former
threshold voltage Vt is decreased to a lower one Vt'.
Thereby, the OCB cell is quickly transformed into a bend-
aligned state to effect a display device, and possible domain
defects (non-transferred splay-aligned regions) are mini-
mized as a result.

[0032] Further, the division of a pixel electrode is not
limited to a specific manner, as long as a transverse electric
field is produced to result in azimuthal disorder of tilt angle
directions. As shown in FIG. 3B, in an alternate embodiment
the reflective electrode 24a is provided with multiple convex
portions 24a' and concave portions 24a", and the transparent
electrode 2454 is also provided with multiple convex portions
244" and concave portions 245" complementary to opposite
concave or convex portions of the reflective electrode 24a.
Also, the configuration of these structures are not limited to
a rectangular shape shown in FIG. 3B, but rather other
shapes shown in FIG. 3C may also be used, such as an arc
shape (concave portion 24a"), a trapezoid shape (convex
portion 24a'), a triangular shape (convex portion 244'), or a
shape combined from at least two of them.

[0033] Moreover, the respective areas of the reflective
electrode 24a and the transparent electrode 245 can be
arbitrary selected according to any design factor such as
environmental brightness.

[0034] Referring back to FIG. 2 again, the separate reflec-
tive electrode 24a and transparent electrode 245 are electri-
cally connected to a first and a second thin film transistors
T1 and T2, respectively, to individually control the electric
fields on the reflective region and the transmissive region.

[0035] Unavoidably, light propagates through a transmis-
sive region achieves a phase difference different to another
phase difference achieved by the light propagating through
a reflective region. For instance, when a twist angle is made
to be 0 degrees, and further when . represents a wavelength
of light, .n the birefringence of liquid crystal, dr the gap
formed by the liquid crystal layer 28 in the reflective region,
and dt the gap formed by the liquid crystal layer 28 in the
transmissive region, the intensity of reflected light in the
reflective region becomes maximum when the product .nxdr
(phase difference) equals./4. Relationship between the prod-
uct .nxdr and the intensity of reflected light is shown in FIG.
5A. In comparison, the intensity of transmission light in the
transmissive region becomes maximum when the product
.xdr equals./2. Relationship between the product .nxdr and
the intensity of transmission light is shown in FIG. 5B.
Hence, according to this embodiment, the reflective region
and the transmissive region are respectively corrected by
reflectance and transmittance gamma curves by means of the
two transistors T1 and T2 to allow for a single cell-gap
transflective LCD device.

[0036] Also, as shown in FIG. 2, in this embodiment, the
two transistors T1 and T2 are both positioned underneath the
reflective electrode 24a to improve the aperture ratio of a
transflective LCD device.

[0037] FIG. 6 shows a schematic diagram illustrating an
OCB mode tansflective LCD device 40 having optical phase
compensators. Referring to FIG. 6, a first A-plate 44a and a
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first C-plate 46a are provided between top of an OCB cell 42
and a polarizer 32, and a second A-plate 445 and a second
C-plate 465 are provided between the bottom of the OCB
cell 42 and a polarizer 36. In this embodiment, the OCB cell
42 achieves a phase difference of 1000 nm, and the A-plate
and the C-plate both introduce a phase difference of 1000 nm
in X-Y plane and a phase difference of 200 nm in Z-direc-
tion. The contrast ratio obtained by this embodiment is up to
16, and the output V-T (voltage-transmittance) curve and
V-R (voltage-reflectance) curve of this embodiment are
respectively depicted in FIGS. 7A and 7B. From FIGS. 7A
and 7B, it is seen the threshold voltage Vt, at which value the
splay-aligned liquid crystal molecules are transformed into
bend-aligned liquid crystal molecules, is considerably
decreased.

[0038] Further, the optical phase compensators used in an
OCB mode tansflective LCD are not limited to biaxial
compensation films shown in FIG. 2, or the two sets of
A-plates and C-plates shown in FIG. 6. In an alternate
embodiment, only one set of A-plate and C-plate is used, as
shown in FIG. 8A. Alternatively, a single A-plate and a
combination of A-plate and C-plate are respectively pro-
vided on two sides of the OCB cell 42, as shown in FIG. 8B.

[0039] Moreover, as shown in FIG. 8C, a first and a second
quarter wavelength plates are provided between the polar-
izers and the OCB cell 42, so that a linear polarized OCB
cell is transformed into a circular polarized OCB cell to
improve the light transmittance of an OCB mode transflec-
tive LCD device.

[0040] Besides, though the reflective electrode 24a shown
in FIG. 2 is a single-layer structure made from a reflective
film having high conductivity, the formation of the reflective
electrode 24a is not limited to such manner. For instance, as
shown in FIG. 9, the reflective electrode 24a may be formed
as a double-layer structure consisting of a transparent con-
ductive film 37 and a reflective film 38 overlaying the
transparent conductive film 37.

[0041] While the invention has been described by way of
examples and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to
cover various modifications and similar arrangements as
would be apparent to those skilled in the art. Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:
1. A transflective liquid crystal display device, compris-
ing:

a first substrate provided with a common electrode;

a second substrate on which a plurality of pixel electrodes
are formed, wherein each pixel electrode is positioned
corresponding to a picture element of the transflective
liquid crystal display device and divided into a reflec-
tive part and a transmissive part that are apart from each
other; and

a liquid crystal layer interposed between the first and the
second substrates and functioning in an optically com-
pensated birefringence (OCB) mode.



US 2007/0236629 Al

2. The transflective liquid crystal display device as
claimed in claim 1, further comprising:

a plurality of first and second thin film transistors formed
on the second substrate, each first thin film transistor
being electrically connected to the reflective part, and
each second thin film transistor being electrically con-
nected the transmissive part.

3. The transflective liquid crystal display device as
claimed in claim 1, wherein the reflective part is a single-
layer structure made from a reflective film.

4. The transflective liquid crystal display device as
claimed in claim 1, wherein the reflective part is a double-
layer structure made from a transparent conductive film and
a reflective film overlaying the transparent conductive film.

5. The transflective liquid crystal display device as
claimed in claim 1, wherein the reflective part and the
transmissive part of each pixel electrode are formed at
substantially the same plane.

6. The transflective liquid crystal display device as
claimed in claim 1, wherein the reflective part has at least
one convex portion and the transmissive part has at least one
concave portion complementary to the convex portion.

7. The transflective liquid crystal display device as
claimed in claim 1, wherein the reflective part has at least
one concave portion and the transmissive part has at least
one convex portion complementary to the concave portion.

8. The transflective liquid crystal display device as
claimed in claim 1, further comprising:

a first polarizer positioned on one side of the first substrate
opposite to the liquid crystal layer;

a second polarizer positioned on one side of the second
substrate opposite to the liquid crystal layer;

a first optical phase compensator provided between the
first polarizer and the first substrate; and

a second optical phase compensator provided between the

second polarizer and the second substrate.

9. The transflective liquid crystal display device as
claimed in claim 8, wherein the optical phase compensator
comprises at least one biaxial film.

10. The transflective liquid crystal display device as
claimed in claim 8, further comprising:

a first quarter wavelength plate provided between the first
polarizer and the first substrate, and

a second quarter wavelength plate provided between the

second polarizer and the second substrate.

11. A transflective liquid crystal display device having a
plurality of picture elements, with each picture element
having both a reflective region and a transmissive region, the
display device comprising:

a first substrate provided with a common electrode;
a second substrate positioned facing the first substrate;

a liquid crystal layer interposed between the first and the
second substrates and functioning in an optically com-
pensated birefringence (OCB) mode;

a plurality of reflective electrodes, each of which is
formed on the reflective region; and

a plurality of transparent electrodes, each of which is
formed on the transmissive region;
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wherein the reflective electrode and the transparent elec-
trode in one picture element are spaced apart from each
other to produce a transverse electric field between
them when a voltage is applied across the liquid crystal
layer.
12. The transflective liquid crystal display device as
claimed in claim 11, further comprising:

a plurality of first and second thin film transistors formed
on the second substrate to individually control electric
fields on the reflective region and the transmissive
region.

13. The transflective liquid crystal display device as
claimed in claim 12, wherein each first thin film transistor is
electrically connected to the reflective electrode, and each
second thin film transistor is electrically connected to the
transparent electrode.

14. The transflective liquid crystal display device as
claimed in claim 12, wherein the first and second thin film
transistors are positioned underneath the reflective electrode.

15. The transflective liquid crystal display device as
claimed in claim 11, wherein the reflective electrode and the
transparent electrode are formed at substantially the same
plane.

16. The transflective liquid crystal display device as
claimed in claim 11, wherein the reflective electrode is a
single-layer structure made from a reflective film.

17. The transflective liquid crystal display device as
claimed in claim 11, wherein the reflective electrode is a
double-layer structure made from a transparent conductive
film and a reflective film overlaying the transparent conduc-
tive film.

18. The transflective liquid crystal display device as
claimed in claim 11, wherein the reflective electrode has at
least one convex portion and the transmissive electrode has
at least one concave portion complementary to the convex
portion.

19. The transflective liquid crystal display device as
claimed in claim 11, wherein the reflective electrode has at
least one concave portion and the transmissive electrode has
at least one convex portion complementary to the concave
portion.

20. The transflective liquid crystal display device as
claimed in claim 11, further comprising:

a first polarizer positioned on one side of the first substrate
opposite to the liquid crystal layer;

a second polarizer positioned on one side of the second
substrate opposite to the liquid crystal layer;

a first optical phase compensator provided between the
first polarizer and the first substrate; and

a second optical phase compensator provided between the
second polarizer and the second substrate.
21. The transflective liquid crystal display device as
claimed in claim 20, further comprising:

a first quarter wavelength plate provided between the first
polarizer and the first substrate, and

a second quarter wavelength plate provided between the
second polarizer and the second substrate.
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