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7) ABSTRACT

A ftransflective type LCD device including a unit pixel
region divided into reflective and transmitting parts includes
first and second substrates facing each other, a pixel elec-
trode in the pixel region of first substrate, a reflective sheet
in the reflective part of first substrate, a common electrode
on the second substrate, at least one first open pattern for
forming multi-domains, and the first open pattern in at least
one of the pixel and common electrodes, and a plurality of
second open patterns for inducing a fringe field, and the
second open patterns in the reflective part of at least one of
the pixel and common electrodes.
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FIG. 1
Related Art
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FIG. 2

!
|
|
]
|
|
|

! ~110

- | : - ~112

A A AT~ 1%
bl | -

usp L s
}53 E ’;lﬁa :

AMY MMM NNy ~-104

- ~102

101~z i .
~100

|

! | |
I‘—'

I reflective part | transmitting part |




Patent Application Publication Jan. 3,2008 Sheet 3 of 12 US 2008/0002116 Al

FIG. 3A
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FIG. 4A
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FIG. 6
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FIG. 7
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TRANSFLECTIVE TYPE LIQUID CRYSTAL
DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application Nos. 10-2006-061539 filed on Jun. 30,
2006 and 10-2007-024267 filed on Mar. 13, 2007, both of
which are hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] Embodiments of the present invention relate to a
liquid crystal display (LCD) device, and more particularly,
to a transmitting-reflective (transflective) type LCD device.
Embodiments of the present invention are suitable for a wide
scope of applications. In particular, embodiments of the
present invention are suitable for implementing a single cell
gap type LCD device.

[0004] 2. Discussion of the Related Art

[0005] Generally, LCD devices are driven in accordance
with optical anisotropy and polarizability properties of a
liquid crystal material. Liquid crystal molecules have long
and thin shapes and tend to align themselves in the same
direction under the influence of an electric field. In this
respect, the alignment direction of the liquid crystal mol-
ecules can be controlled by applying a suitable electric field
to the liquid crystal material. An image is displayed by
controlling the alignment direction of the liquid crystal
molecules to change the optical anisotropy of the liquid
crystal material and polarize light propagating through the
liquid crystal material.

[0006] The LCD device includes an array substrate with
thin film transistors (TFT) and pixel electrodes; a color filter
array substrate with a color filter layer; and a liquid crystal
layer between the two substrates. Recently, an active matrix
(AM) type LCD device has gained great attention due to the
high resolution and good picture quality. The AM type LCD
device includes TFTs and pixel electrodes arranged in a
matrix configuration.

[0007] The LCD device cannot emit the light in itself.
Thus, it is necessary for the LCD device to use an additional
light source such as a backlight unit. However, the amount
of light viewed through the LCD device is about 7% of the
total amount of light generated from the backlight unit.
Thus, a high luminance LCD device requires a large amount
of light and increases the power consumption of the back-
light unit. A heavy battery is required to power the backlight
unit. However, the operating time of the backlight unit is
limited in battery mode.

[0008] In the bright surroundings, it is difficult to recog-
nize the images displayed on the LCD device. Accordingly,
a transflective type LCD device has been studied and
developed actively, which can use both the ambient light and
the light generated from the backlight. The transflective type
LCD device includes unit pixel regions, wherein each of the
unit pixels has a transmitting part and a reflective part.

[0009] In the reflective part of transflective type LCD
device, the ambient light or the light generated from the
backlight unit passes through the liquid crystal layer, and is
then reflected and again passes through the liquid crystal
layer, whereby the light passes through the liquid crystal
layer twice. For the transmitting part of transflective type

1. Field of the Invention
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LCD device, the light passes through the liquid crystal layer
once. Accordingly, if the same voltage is applied to the
reflective and transmitting parts, no image is displayed. In
this respect, it is necessary for the transflective type LCD
device to provide a dual cell gap structure where the cell gap
of transmitting part is different from the cell gap of reflective
part. That is, the cell gap (CG2) of transmitting part is about
twice as large as the cell gap (CG1) of reflective part by
forming a passivation layer having different thicknesses in
the transmitting and reflective parts.

[0010] In a vertical alignment (VA) mode transflective
type LCD device to form a multi-domain by forming a slit
pattern in a pixel or common electrode, a dual cell gap
structure 1is realized with an overcoat layer formed on a
reflective part of color filter array substrate.

[0011] Hereinafter, the related art VA mode transflective
type LCD device will be explained with reference to FIG. 1.

[0012] FIG. 1 shows a cross-sectional view of the related
art VA mode transflective type LCD device. As shown in
FIG. 1, the related art VA mode transflective type LCD
device includes a unit cell divided into a reflective part and
a transmitting part, wherein a cell gap of reflective part is
different from a cell gap of transmitting part, which is
referred to as a dual cell gap structure.

[0013] That is, first and second substrates 10 and 30 are
provided in opposite to each other, and a liquid crystal layer
50 is formed between the first and second substrates 10 and
30. Then, a backlight unit (not shown) is provided below the
first substrate 10, wherein the backlight unit emits the light.

[0014] The first substrate 10 includes gate and data lines
(not shown) crossing each other to define a pixel region; a
thin film transistor (not shown) formed adjacent to a cross-
ing portion of the gate and data lines; a passivation layer (not
shown) formed on the thin film transistor; a reflective sheet
11 formed on the passivation layer of reflective part so as to
reflect the ambient light (natural or artificial light); an
insulation layer 12 formed on the entire surface of the first
substrate 10 including the reflective sheet 11; a pixel elec-
trode 13 of transparent material formed on the insulation
layer 12 and connected with a drain electrode of thin film
transistor.

[0015] The pixel electrode 13 is provided with slit patterns
13a to divide the unit pixel region into multi-domains. Then,
the second substrate 30 includes an R/G/B color filter layer
32 to represent colors; a common electrode 34 formed on the
R/G/B color filter layer 32; and an overcoat layer 36 formed
on the common electrode 34 of reflective part.

[0016] In the reflective part, the ambient light passes
through the liquid crystal layer 50 at the second substrate 30,
and is then reflected on the reflective sheet 11, and again
passes through the liquid crystal layer 50, whereby the light
passes through the liquid crystal layer 50 twice. For the
transmitting part, the light passes through the liquid crystal
layer once. In this case, since the cell gap (g1) of reflective
part is different from the cell gap (G2) of transmitting part,
the voltage properties of transmitting and reflective parts
become consistent with each other by controlling the thick-
ness of overcoat layer 36 formed on the common electrode
34 of reflective part.

[0017] However, the related art VA mode transflective
type LCD device has the following disadvantages. First, it is
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necessary to perform the process of depositing the overcoat
layer and patterning the overcoat layer to be left only on the
reflective part. Also, the gap difference occurs between the
transmitting part and the reflective part due to the overcoat
layer when depositing an alignment layver on the entire
surface of the substrate including the overcoat layer and
performing the rubbing process, whereby the rubbing defec-
tive may occur.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed to a
transflective type LCD device that substantially obviates one
or more problems due to limitations and disadvantages of
the related art.

[0019] An object of the present invention is to provide a
transflective type LCD device having a single cell gap
structure where reflective and transmitting parts have the
same cell gap owing to a lowered driving voltage, in which
an open pattern to induce a fringe field is formed in a pixel
or common electrode of reflective part.

[0020] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0021] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, a transflective type LCD
device including a unit pixel region divided into reflective
and transmitting parts includes first and second substrates
facing each other, a pixel electrode in the pixel region of first
substrate, a reflective sheet in the reflective part of first
substrate, a common electrode on the second substrate, at
least one first open pattern for forming multi-domains, and
the first open pattern in at least one of the pixel and common
electrodes, and a plurality of second open patterns for
inducing a fringe field, and the second open patterns in the
reflective part of at least one of the pixel and common
electrodes.

[0022] In another embodiment, a transflective liquid crys-
tal device includes a pixel electrode on a first substrate with
a plurality of first openings for forming multi-domains
within first and second portions of a pixel region, a reflective
sheet within the first portion of the pixel region excluding
the second region, and a common electrode on a second
substrate facing the first substrate with a plurality of second
openings within the first portion of the pixel region for
inducing a fringe field in the pixel region.

[0023] In another embodiment, a transflective liquid crys-
tal device includes a pixel electrode on a first substrate with
a plurality of first openings for forming multi-domains
within first and second portions of a pixel region and a
plurality of second openings for inducing a fringe field
within the first portion of the pixel region, a reflective sheet
within the first portion of the pixel region excluding the
second region, and a common electrode on a second sub-
strate facing the first substrate.
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[0024] In a further embodiment, a transflective liquid
crystal device includes a pixel electrode on a first substrate
within a pixel region having first and second portions, a
plurality of protrusions on the pixel electrode, a reflective
sheet within the first portion of the pixel region excluding
the second region, and a common electrode on a second
substrate facing the first substrate with a plurality of first
openings for forming multi-domains within first and second
portions of a pixel region and a plurality of second openings
for inducing a fringe field within the first portion of the pixel
region.

[0025] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0027] FIG. 1 shows a cross-sectional view of the related
art VA mode transflective type LCD device;

[0028] FIG. 2 shows a cross-sectional view of a VA mode
transflective type LCD device according to a first embodi-
ment of the present invention;

[0029] FIG. 3A shows a plane view of a common electrode
in a reflective part of the transflective type LCD device of
FIG. 2;

[0030] FIG. 3B shows a plane view of a pixel electrode in
areflective part of the transflective type LCD device of FIG.
2

[0031] FIG. 3C shows a plane view of the common and
pixel electrodes of FIGS. 3A and 3B superimposed on each
other;

[0032] FIGS. 4A and 4B show equipotential graphs simu-
lating reflective and transmitting parts of transtlective LCD
device according to the first embodiment of the present
invention;

[0033] FIG. 5 shows a graph comparing a driving voltage
of a transflective type LCD device of FIG. 2 to a driving
voltage of the related art transflective type LCD device of
FIG. 1;

[0034] FIG. 6 shows a cross-sectional view of a VA mode
transflective type LCD device according to a second
embodiment of the present invention;

[0035] FIG. 7 shows a cross-sectional view of a VA mode
transflective type LCD device according to a third embodi-
ment of the present invention;

[0036] FIG. 8 shows a cross-sectional view of a VA mode
transflective type LCD device according to a fourth embodi-
ment of the present invention;

[0037] FIG. 9A shows a plane view of a pixel electrode in
a transmitting part of the transflective type LCD device of
FIG. §;
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[0038] FIG. 9B shows a plane view of a pixel electrode in
areflective part of the transflective type LCD device of FIG.
8,

[0039] FIG. 10 shows a cross-sectional view of a VA mode
transflective type LCD device according to a fifth embodi-
ment of the present invention;

[0040] FIG. 11 shows a cross-sectional view of a VA mode
transflective type LCD device according to a sixth embodi-
ment of the present invention; and

[0041] FIG. 12 shows a plane view of exemplary open
patterns in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0042] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0043] FIG. 2 shows a cross-sectional view of a VA mode
transflective type LCD device according to a first embodi-
ment of the present invention. FIG. 3A shows a plane view
of a common electrode in a reflective part of the transflective
type LCD device of FIG. 2. FIG. 3B shows a plane view of
a pixel electrode in a reflective part of the transflective type
LCD device of FIG. 2. FIG. 3C shows a plane view of the
common and pixel electrodes of FIGS. 3A and 3B super-
imposed on each other. Referring to FIG. 2, a transflective
type LCD device includes first and second substrates 100
and 110 facing each other; and a liquid crystal layer 150
formed between the first and second substrates 100 and 110.
Then, each pixel region is divided into a reflective part and
a transmitting part. Also, there is a backlight unit (not
shown) which is positioned below the first substrate 100.

[0044] The first substrate 100 corresponds to a thin film
transistor substrate, which includes a plurality of gate and
data lines (not shown) crossing each other to define the pixel
regions; and a plurality of thin film transistors (not shown)
each formed adjacent to a crossing point of the gate and data
lines.

[0045] In an embodiment, each of the thin film transistors
includes a gate electrode protruding from the gate line; a
gate insulation layer covering the gate electrode; a semicon-
ductor layer formed on the gate insulation layer above the
gate electrode; and source and drain electrodes formed at
both sides of the semiconductor layer, wherein the source
electrode protrudes from the data line.

[0046] Then, a passivation layer (not shown) is formed on
an entire surface of the first substrate 100 including the thin
film transistor. Also, a reflective sheet 101 is formed on the
passivation layer of reflective part so as to reflect the
ambient light. Then, an insulation layer 102 is formed on an
entire surface of the first substrate 100 including the reflec-
tive sheet 101.

[0047] Above each pixel region formed on the insulation
layer 102 of first substrate 100, there is a pixel electrode 104
which is electrically connected with the drain electrode of
thin film transistor. In an embodiment, the pixel electrode
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104 includes a first open pattern 115a, for example, slit or
hole so as to divide the unit pixel region into multi-domains.

[0048] The reflective sheet 101 may be electrically con-
nected to the drain electrode of thin film transistor. Alter-
natively, the pixel electrode 104 may be electrically con-
nected with the reflective sheet 101. Further, the reflective
sheet 101 may be floated.

[0049] The second substrate 110 corresponds to a color
filter substrate, which includes a black matrix layer (not
shown) formed corresponding to the portions except the
pixel regions of first substrate; an R/G/B color filter layer
112 which represents various colors corresponding to the
pixel regions; and a common electrode 114 formed on the
R/G/B color filter layer 112.

[0050] The portion of the common electrode 114 facing
the reflective part of the pixel includes a plurality of second
open patterns 1155 such as slits or holes so as to decrease a
driving voltage by lowering an effective electric field with an
induced fringe field. Thus, even though the same voltage is
applied to the reflective and transmitting parts, it is possible
to realize a single-gap transflective type LCD device
because of the different birefringence ratios (Aneff).

[0051] In an embodiment, the density of second open
patterns 1155 formed in the common electrode 114 of
reflective part is higher than the density of first open patterns
115a. Also, a width (b) of the second open patterns 1155
provided in the common electrode 114 of reflective part is
smaller than a width (a) of the first open patterns 115a to
form the domain. If the width (a) of the first open patterns
115a is about 6~10 um, the width (b) of the second open
patterns 1154 is designed to be in a range of about 1~5 pm.

[0052] By the second open patterns 1155, the effective
electric field is decreased by the fringe field without forming
the multi-domain. Thus, the transmitting part has the opera-
tion properties of And=A/2, and the reflective part has the
operation properties of And=A/4.

[0053] FIGS. 4A and 4B show equipotential graphs simu-
lating reflective and transmitting parts of transflective LCD
device according to the first embodiment of the present
invention. FIG. 5 shows a graph comparing a driving voltage
of a transflective type LCD device of FIG. 2 to a driving
voltage of the related art transflective type LCD device of
FIG. 1. As shown in FIGS. 4A and 4B, the transmitting part
of transflective type LCD device is similar to that of FIG. 1.
In the reflective part of transflective type LCD device
according to the present invention, the fringe field of equi-
potential line occurs, whereby the effective electric field is
decreased. Accordingly, even though the same voltage (5V)
is applied to the transmitting and reflective parts, the tilt of
liquid crystal molecules in the transmitting part becomes
larger.

[0054] As shown in FIG. 5, when comparing the driving
voltage (B) of the transflective type LCD device including
the common electrode 114 provided with the second open
pattern 1155 with the driving voltage (B') of the related art
transflective type LCD device including the common elec-
trode having no open pattern, the driving voltage (B) of
transflective type LCD device according to the present
invention is more increased than the driving voltage (B') of
related art transflective type LCD device.
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[0055] In this simulation, the interval between the second
open patterns 1156 is smaller than pum. As changing the
interval and density of second open pattern and applying the
open pattern to the first and second substrates together, the
transmitting part may be shown as the curve of VT.

[0056] FIG. 6 shows a cross-sectional view of a VA mode
transflective type LCD device according to a second
embodiment of the present invention. The VA mode trans-
flective type LCD device of FIG. 6 is similar in structure to
the VA mode transflective type LCD device of FIG. 2.
Referring to FIG. 6, the first open patterns 115a of slits or
holes are formed in a common electrode 114 as well as in the
pixel electrode 104. Similar to the VA mode transflective
type LCD device according to the first embodiment of the
present invention, the VA mode transflective type LCD
device according to the second embodiment of the present
invention includes the second open patterns 1155 formed in
a reflective part of common electrode 114.

[0057] FIG. 7 shows a cross-sectional view of a VA mode
transflective type LCD device according to a third embodi-
ment of the present invention. The VA mode transflective
type LCD device of FIG. 7 is similar in structure to the VA
mode transflective type LCD device of FIG. 2. Referring to
FIG. 7, protrusions 116 are formed on a common electrode
114 to divide the unit pixel into multi-domains. Similar to
the VA mode transflective type LCD device according to the
first embodiment of the present invention, the VA mode
transflective type LCD device according to the third embodi-
ment of the present invention includes the second open
patterns 1155 formed in a reflective part of common elec-
trode 114.

[0058] In the VA mode transflective type LCD device of
FIG. 2, the second open patterns are formed in the portion
of the common electrode facing the reflective part. The
second open patterns may be formed in the pixel electrode
of reflective part to achieve the same effect. [n the VA mode
transflective type LCD device of FIG. 7, the second open
patterns are formed in the pixel electrode of reflective part.

[0059] FIG. 8 shows a cross-sectional view of a VA mode
transflective type LCD device according to a fourth embodi-
ment of the present invention. FIG. 9A shows a plane view
of a pixel electrode in a transmitting part of the transflective
type LCD device of FIG. 8. FIG. 9B shows a plane view of
a pixel electrode in a reflective part of the transflective type
LCD device of FIG. 8.

[0060] The explanation for the VA mode transflective type
LCD device of FIG. 8 will use the same reference numbers
as those of FIG. 2 to refer to the same or like parts. Also, the
description for the similar parts of the first and fourth
embodiments will be omitted, and the explanation for the
fourth embodiment will be focused on the differential struc-
ture and properties.

[0061] As shownin FIG. 8, a pixel electrode 104 is formed
in each pixel region on an insulation layer 102 of first
substrate 100, wherein the pixel electrode 104 is electrically
connected to a drain electrode of the TFT. In this case, a
plurality of first open patterns 115¢ of slits or holes are
formed in the pixel electrode 104 to divide a unit pixel into
multi-domains. Then, a plurality of second open patterns
115b are formed in the portion of the pixel electrode 104
within the reflective part of the pixel to induce a fringe field,
whereby an effective electric field is decreased and a driving
voltage is lowered.
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[0062] Then, a second substrate 110 of color filter array
substrate is prepared, which includes a black matrix layer
(not shown) formed corresponding to the portions except the
pixel regions of first substrate; an R/G/B color filter layer
112 which represents various colors corresponding to the
pixel regions; and a common electrode 114 formed on the
R/G/B color filter layer 112.

[0063] The plurality of second open patterns 1155 are
formed in the pixel electrode 104 of reflective part. Thus,
even though the same voltage is applied to the reflective and
transmitting parts, it is possible to realize a single-gap
transflective type LCD device by the different birefringence
ratios (Aneff).

[0064] In an embodiment, the density of second open
patterns 1155 formed in the pixel electrode 104 of reflective
part is higher than the density of first open patterns 115a.
Also, a width (b) of the second open patterns 1155 provided
in the pixel electrode 104 of reflective part is smaller than a
width (a) of the first open patterns 115a to form the domain.
If the width (a) of the first open patterns 1154 is about 6~10
um, the width (b) of the second open patterns 1155 is
designed to be about 1~5 pum.

[0065] By the second open patterns 1155, the effective
electric field is decreased by the fringe field without forming
the multi-domain. Thus, the transmitting part has the opera-
tion properties of And=A/2, and the reflective part has the
operation properties of And=A/4.

[0066] The fourth embodiment of the present invention
may be applied to the VA mode transflective type LCD
device according to the second and third embodiments of the
present invention.

[0067] For example, as shown in FIG. 6, the first open
patterns 1154 to divide the unit pixel into the multi-domains
are formed in the pixel electrode 104 and the common
electrode 114. In addition, a plurality of second open pat-
terns 1155 are formed in the portion of the pixel electrode
104 within the reflective part of the pixel to induce a fringe
field, whereby an effective electric field is decreased and a
driving voltage is lowered.

[0068] Also, shown in FIG. 7, the first open patterns 115a
to divide the unit pixel into the multi-domains are formed in
the pixel electrode 104, and the plurality of protrusions 116
are formed on the common electrode 114. Further, a plurality
of second open patterns 1155 are formed in the portion of the
pixel electrode 104 within the reflective part of the pixel to
induce a fringe field, whereby an effective electric field is
decreased and a driving voltage is lowered.

[0069] In a VA mode transflective type LCD device
including a plurality of first open patterns of slits or holes
formed in a common electrode, and a plurality of protrusions
formed on a pixel electrode to form multi-domains, a
plurality of second open patterns may be formed in the pixel
or common electrode corresponding to a reflective part so as
to form a fringe field. This will be explained as follows.

[0070] FIG. 10 shows a cross-sectional view of a VA mode
transflective type LCD device according to a fifth embodi-
ment of the present invention. The explanation for the VA
mode transflective type LCD device of FIG. 10 will use the
same reference numbers through the drawings as those of
FIG. 2 to refer to the same or like parts. Also, the description
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for the similar parts will be omitted, and the explanation for
the fourth embodiment will be focused on the differential
structure and properties.

[0071] As shown in FIG. 10, a pixel electrode 104 is
formed in each pixel region on an insulation layer 102 of
first substrate 100, wherein the pixel electrode 104 is elec-
trically connected with a drain electrode of thin film tran-
sistor. In this case, a plurality of protrusions 116 are formed
on the pixel electrode 104 so as to divide a unit pixel into
multi-domains.

[0072] Then, a second substrate 110 of color filter array
substrate is prepared, which includes a black matrix layer
(not shown) formed corresponding to the portions except the
pixel regions of first substrate; an R/G/B color filter layer
112 which represents various colors corresponding to the
pixel regions; and a common electrode 114 formed on the
R/G/B color filter layer 112.

[0073] Then, a plurality of first open patterns 115a of slits
or holes are formed in the common electrode 114 so as to
form the unit pixel into the multi-domains. Also, a plurality
of second open patterns 1155 of slits or holes are formed in
the common electrode 114 of reflective part so as to induce
a fringe field, thereby decreasing an effective electric field
and lowering a driving voltage.

[0074] The plurality of second open patterns 1156 are
formed in the pixel electrode 104 of reflective part. Thus,
even though the same voltage is applied to the reflective and
transmitting parts, it is possible to realize a single-gap
transflective type LCD device by the different birefringence
ratios (Anefl). In an embodiment, the density of the second
open patterns 1155 formed in the common electrode 114 of
reflective part is higher than the density of first open patterns
115a. Also, a width (b) of the second open patterns 1155
provided in the common electrode 114 of reflective part is
smaller than a width (a) of the first open patterns 115a to
form the domain. If the width (a) of the first open patterns
1154 is about 6~10 pum, the width (b) of the second open
patterns 1155 is designed to be about 1~5 pm.

[0075] By the second open patterns 1155, the effective
electric field is decreased by the fringe field without forming
the multi-domain. Thus, the transmitting part has the opera-
tion properties of And=A/2, and the reflective part has the
operation properties of And=A/4.

[0076] In the first to fifth embodiments of the present
invention, the plurality of second open patterns may be
formed in the pixel and common electrodes of reflective
part, to thereby induce the fringe field. This will be
explained in detail.

[0077] FIG. 11 is a cross section view of illustrating a VA
mode transflective type LCD device according to the sixth
embodiment of the present invention.

[0078] As mentioned above, the VA mode transflective
type LCD device according to the present invention may
include the first open patterns of slits or holes formed in the
pixel or common electrode so as to realize the multi-
domains; may includes the plurality of first open patterns of
slits or holes formed in both the pixel and common elec-
trodes so as to realize the multi-domains; or may include the
plurality of first open patterns of slits or holes formed in any
one of the pixel and common electrodes, and the plurality of
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protrusions formed in the other of the pixel and common
electrodes. In this structure, the plurality of second open
patterns may be formed in the pixel and common electrodes
of reflective part, so as to induce the fringe field.

[0079] FIG. 11 shows a cross-sectional view of a VA mode
transflective type LCD device according to a sixth embodi-
ment of the present invention. As shown in FIG. 11, the
transflective type LCD device of FIG. 10 includes first and
second substrates 100 and 110 facing each other; and a liquid
crystal layer 150 formed between the first and second
substrates 100 and 110. Then, each pixel region is divided
into a reflective part and a transmitting part. Also, there is a
backlight unit (not shown) which is positioned below the
first substrate 100.

[0080] The first substrate 100 corresponds to a thin film
transistor substrate, which includes a plurality of gate and
data lines (not shown) crossing each other to define the pixel
regions; and a plurality of thin film transistors (not shown)
each formed adjacent to a crossing point of the gate and data
lines.

[0081] Inanembodiment, each of the TFTs includes a gate
electrode protruding from the gate line; a gate insulation
layer covering the gate electrode; a semiconductor layer
formed on the gate insulation layer above the gate electrode;
and source and drain electrodes formed at both sides of the
semiconductor layer, wherein the source electrode protrudes
from the data line.

[0082] Then, a passivation layer (not shown) is formed on
the entire surface of the first substrate 100 including the thin
film transistor. Also, a reflective sheet 101 is formed on the
passivation layer of reflective part so as to reflect the
ambient light. Then, an insulation layer 102 is formed on the
entire surface of the first substrate 100 including the reflec-
tive sheet 101.

[0083] Also, a pixel electrode 104 is formed in each pixel
region on the insulation layer 102 of first substrate 100,
wherein the pixel electrode 104 is electrically connected
with the drain electrode of thin film transistor. In this case,
a plurality of first open patterns 115a of slits or holes are
formed in the pixel electrode 104, to thereby divide the unit
pixel into multi-domains. In this case, the reflective sheet
101 is electrically connected with the drain electrode of thin
film transistor, and the pixel electrode 104 is electrically
connected with the reflective sheet 101.

[0084] Also, a plurality of second open patterns 1155 of
slits or holes are formed in the pixel electrode 104 of
reflective part, so as to induce the fringe field, thereby
decreasing the effective electric field and lowering the
driving voltage.

[0085] The second substrate 110 corresponds to a color
filter substrate, which includes a black matrix layer (not
shown) formed corresponding to the portions except for the
pixel regions of first substrate; an R/G/B color filter layer
112 which represents various colors corresponding to the
pixel regions; and a common electrode 114 formed on the
R/G/B color filter layer 112.

[0086] For the common electrode 114, the common elec-
trode 114 corresponding reflective part includes a plurality
of second open patterns 1155 such as slits or holes so as to



US 2008/0002116 A1

decrease the driving voltage by lowering the effective elec-
tric field with the induced fringe field.

[0087] The plurality of second open patterns 1156 are
formed in the pixel and common electrodes 104 and 114 of
reflective part. Thus, even though the same voltage is
applied to the reflective and transmitting parts, it is possible
to realize a single-gap transflective type LCD device by the
different birefringence ratios (Aneff).

[0088] In an embodiment, the density of second open
patterns 1154 formed in the pixel and common electrodes
104 and 114 of reflective part is higher than the density of
first open patterns 115a. Also, the width (b) of the second
open patterns 1155 provided in the common electrode 114 of
reflective part is smaller than the width (a) of the first open
patterns 115a to form the domain.

[0089] By the second open patterns 1155, the effective
electric field is decreased by the fringe field without forming
the multi-domain. Thus, the transmitting part has the opera-
tion properties of And=A/2, and the reflective part has the
operation properties of And=r/4.

[0090] In the sixth embodiment of the present invention,
the density and interval of second open pattern 1155 may be
the same as or smaller than those of the first to fifth
embodiments.

[0091] Although not shown, on the analogy of the second
to fifth embodiments of the present invention, the plurality
of second open patterns are formed in the pixel and common
electrodes of reflective part to induce the fringe field in the
various VA mode transflective type LCD devices.

[0092] Also, the simulations of the second to sixth
embodiments of the present invention have the similar
values to those of FIGS. 4A, 4B and 5.

[0093] FIG. 12 shows a plane view of exemplary open
patterns in accordance with an embodiment of the present
invention. According to an embodiment of the present
invention, the second open pattern 1155 is formed in shape
of slanted lines. However, as shown in FIG. 12, the second
open patterns 115 of various shapes can be formed.

[0094] According as the second open patterns are formed
in the various shapes, the pixel or common electrode of
reflective part may be formed in shape of the cobweb (FIG.
12A), the window frame (FIG. 12B) of horizontal or vertical
line, or the checkerboard (FIG. 12C).

[0095] For the transflective type LCD device of single cell
gap structure according to the present invention, it is unnec-
essary to perform the step of forming an overcoat layer,
thereby simplifying the manufacturing process. Thus, the
open patterns are formed in the pixel or common electrode
of reflective part, so that the voltage properties of reflective
part become similar to that of transmitting part.

[0096] As mentioned above, the transflective type LCD
device according to the present invention has the following
advantages. First, the reflective part has the operation prop-
erties of And=A/4 without forming the overcoat layer,
whereby the process is simplified. Since the overcoat layer
is not formed, the single gap is realized without the gap
difference, to thereby decrease the defective alignment.
Thus, the yield is improved and the manufacturing cost is
decreased.
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[0097] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A transflective liquid crystal device, comprising;

a pixel electrode on a first substrate with a plurality of first
openings for forming multi-domains within first and
second portions of a pixel region;

a reflective sheet within the first portion of the pixel
region excluding the second region; and

a common electrode on a second substrate facing the first
substrate with a plurality of second openings within the
first portion of the pixel region for inducing a fringe
field in the pixel region.

2. The transflective liquid crystal device of claim 1,
further comprising a plurality of third openings for forming
multi-domains in the first and second portions of the com-
mon electrode.

3. The transflective liquid device of claim 2, wherein each
of the third plurality of openings has a size substantially the
same as each of the first plurality of openings.

4. The transflective liquid crystal device of claim 1,
further comprising a plurality of protrusions on the common
electrode.

5. A transflective liquid crystal device, comprising;

a pixel electrode on a first substrate with a plurality of first
openings for forming multi-domains within first and
second portions of a pixel region and a plurality of
second openings for inducing a fringe field within the
first portion of the pixel region;

a reflective sheet within the first portion of the pixel
region excluding the second region; and

a common electrode on a second substrate facing the first

substrate.

6. The transflective liquid device of claim 5, further
comprising a plurality of third openings for inducing a fringe
field within the first portion of the common electrode.

7. The transflective liquid device of claim 6, wherein each
of the third plurality of openings has a size substantially the
same as each of the first plurality of openings.

8. A transflective liquid crystal device, comprising:

a pixel electrode on a first substrate within a pixel region
having first and second portions;

a plurality of protrusions on the pixel electrode;

a reflective sheet within the first portion of the pixel
region excluding the second region; and

a common electrode on a second substrate facing the first
substrate with a plurality of first openings for forming
multi-domains within first and second portions of a
pixel region and a plurality of second openings for
inducing a fringe field within the first portion of the
pixel region.

9. The transflective liquid device of claim 8, wherein the

first and second portions of the pixel region have a gap
substantially the same as each other.
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10. A transflective type LCD device including a unit pixel
region divided into reflective and transmitting parts, com-
prising:

first and second substrates facing each other;

a pixel electrode in the pixel region of first substrate;

a reflective sheet in the reflective part of first substrate;
a common electrode on the second substrate;

at least one first open pattern for forming multi-domains,
and the first open pattern in at least one of the pixel and
common electrodes; and

a plurality of second open patterns for inducing a fringe
field, and the second open patterns in the reflective part
of at least one of the pixel and common electrodes.
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11. The transflective type LCD device of claim 10,
wherein the second open patterns have a density higher than
the first open patterns.

12. The transflective type LCD device of claim 10,
wherein the first open patterns have a width of about 6~10
um, and the second open patterns have a width of about 1~5
pm.

13. The transflective type LCD device of claim 10,
wherein the first and second open patterns have a shape of
slits or holes.

14. The transflective type LCD device of claim 10, further
comprising a plurality of protrusions in at least one of the
pixel and common electrodes.
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