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(57) ABSTRACT

Provided is a liquid crystal display including a transparent
pixel electrode and a transparent common electrode in a pixel
region to drive liquid crystals. The transparent common elec-
trode includes a plurality of slits and is configured to open at
least a portion of a switching device to connect unit pixels, the
slits have an angle of 5 to 10° with respect to a gate line, and
a rubbing direction of a liquid crystal layer is substantially
parallel to a gate direction. Therefore, it is possible to provide
the liquid crystal display capable of removing factors
decreasing an aperture ratio, preventing light from leaking,
and further improving internal reflection.
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FRINGE FIELD SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE AND METHOD
OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 2009-109177, filed on Nov.
12, 2009, the disclosure of which is incorporated herein by
reference in its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a liquid crystal dis-

play device (LCD) and a method of fabricating the same, and
more particularly, to an LCD and a method of fabricating the
same that are capable of removing factors decreasing an
aperture ratio, preventing light from leaking, and further
improving internal reflection.

[0004] 2. Discussion of Related Art

[0005] Ingeneral, afringe field switching (FFS) mode LCD
has been proposed to improve a low aperture ratio and trans-
mittance of an in-plane switching (IPS) mode LCD.

[0006] The FFS mode LCD includes a common electrode
(counter electrode) and a pixel electrode which are formed of
a transparent conductive material to increase an aperture ratio
and transmittance in comparison with the IPS mode LCD. In
addition, a gap between the common electrode and the pixel
electrode is smaller than a gap between upper and lower glass
substrates so that a fringe field can be formed between the
common electrode and the pixel electrode. As a result, all
liquid crystal molecules existing on the electrodes are also
operated to provide better transmittance. A conventional art
of the FFS mode LCD is disclosed in, for example, U.S. Pat.
Nos. 6,256,081 and 6,226,118, Korean Patent Registration
No. 653474, etc., which are filed by and issued to the appli-
cant.

[0007] The conventional FFS mode LCD has problems of
cross-talk generation between a data line and a pixel elec-
trode, and the disclination due to abnormal operation of liquid
crystal at an end of slits of the pixel electrode. A black matrix
(BM) covers a substantial portion affected by the cross-talk
and disclination, which decreases an aperture ratio. More-
over, as higher resolution is requested, the size of a unit pixel
should be reduced. But, the size of a contact hole must not be
less than certain level and thus the aperture ratio may be
reduced.

[0008] In order to solve the problems, Korean Patent Reg-
istration No. 849599 has proposed a structure in which a
contact hole is removed to increase an aperture ratio and
lower transmittance on a data line to a minimum, and increase
liquid crystal efficiency around the data line to a maximum.
However, since the above structure provides the maximum
liquid crystal efficiency around the data line, an electric field
adjacent to the data line may affect liquid crystals of a pixel
adjacent thereto to cause color mixing, and thus, a minimum
black matrix is still needed. Moreover, because rubbing is
performed at a predetermined angle with respect to the data
line, light leakage due to rubbing failures is caused around
one side of the data line, and it is difficult to increase external
visibility using internal reflection.
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[0009] Therefore, in order to remove factors of decreasing
an aperture ratio of the conventional FFS mode LCD, reduce
light leakage, and improve internal reflection, new type of
LCD is still required.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to an FFS mode
LCD and a method of fabricating the same that are capable of
forming a pixel region without a contact hole through a rela-
tively simple process, and removing a dark region and discli-
nation to a maximum to increase an aperture ratio.

[0011] The present invention is also directed to an FFS
mode LCD and a method of fabricating the same that are
capable of increasing an aperture ratio, preventing light from
leaking, and obtaining internal reflection.

[0012] According to an aspect of the present invention,
there is provided a fringe field switching mode (FFS mode)
liquid crystal display device (LCD) including a lower sub-
strate, an upper substrate, and a liquid crystal layer disposed
between the substrates, the lower substrate including unit
pixel regions defined by gate lines and data lines formed to
intersect each other and switching devices disposed on inter-
sections of the gate and data lines. The LCD includes: a
transparent pixel electrode disposed in the pixel region, and a
transparent common electrode disposed on the transparent
pixel electrode and spaced apart from the transparent pixel
electrode with an insulating layer interposed therebetween,
and having a plurality of slits formed in the pixel region, to
adjust optical transmittance by applying a voltage to the lig-
uid crystal layer. Here, the slits are disposed to form an angle
of 5 to 10° with respect to the gate line, a rubbing direction of
the liquid crystal layer is substantially parallel to a gate direc-
tion, and a drain electrode of the switching device is electri-
cally connected to the transparent pixel electrode.

[0013] Here, the LCD may further include a reflective
structure formed of the same material as the gate line and
disposed under the data line with an insulating layer disposed
therebetween.

[0014] Meanwhile, the reflective structure may have a
width larger than that of the data line.

[0015] Inaddition, the angle of the slits may be determined
such that adjacent pixel regions are axisymmetrically dis-
posed to differentiate rotational directions upon driving of
liquid crystals, and the LCD may further include a transparent
auxiliary electrode formed under the transparent pixel elec-
trode.

[0016] In addition, the transparent common electrode may
open at least a portion of the switching device. It is possible
for the transparent common electrode to totally cover the
switching device.

[0017] According to another aspect of the present inven-
tion, there is provided a method of fabricating a fringe field
switching mode (FFS mode) liquid crystal display device
(LCD) including a lower substrate, an upper substrate, and a
liquid crystal layer disposed between the substrates, the lower
substrate including unit pixel regions defined by gate lines
and data lines formed to intersect each other and switching
devices disposed on intersections of the gate and data lines.
The method includes: forming a gate line; forming a gate
insulating layer and an active layer on the gate line; forming
a transparent pixel electrode in the pixel region; forming a
drain electrode and a data line on the resultant structure hav-
ing the transparent pixel electrode, wherein a portion of the
drain electrode is electrically connected to a portion of the
pixel electrode; and forming a transparent common electrode
disposed on and spaced apart from the transparent pixel elec-
trode with an insulating layer interposed therebetween, hav-
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ing a plurality of slits in the pixel region, and configured to
open at least a portion of the switching device.

[0018] Here, the slits may be disposed to form an angle of
5 to 10° with respect to the gate line, and a rubbing direction
of the liquid crystal layer may be substantially parallel to a
gate direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects, features and advan-
tages of the present invention will become more apparent to
those of ordinary skill in the art by describing in detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0020] FIG. 1 is a plan view showing a portion of a pixel
region formed at a lower substrate of an FFS mode LCD in
accordance with an exemplary embodiment of the present
invention;

[0021] FIG. 2 is a cross-sectional view taken along line of
FIG. 1;
[0022] FIGS. 3A to 3E are cross-sectional views sequen-

tially showing steps of forming and overlapping respective
layers;

[0023] FIGS. 4 to 6 are plan views and cross-sectional
views showing comparison of effects between Korean Patent
Registration Nos. 653474 and 849599 and an exemplary
embodiment of the present invention;

[0024] FIG. 7 is a perspective view showing comparison of
internal reflection and light leakage prevention effects of
LCD between Korean Patent Registration No. 849599 and an
exemplary embodiment of the present invention; and

[0025] FIGS. 8 and 9 show other exemplary embodiments
of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0026] Exemplary embodiments of the present invention
will be described in detail below with reference to the accom-
panying drawings. While the present invention is shown and
described in connection with exemplary embodiments
thereof, it will be apparent to those skilled in the art that
various modifications can be made without departing from
the spirit and scope of the invention.

[0027] An LCD in accordance with an exemplary embodi-
ment of the present invention includes a lower substrate, an
upper substrate, and a liquid crystal layer disposed between
the upper and lower layers. The lower substrate includes a
plurality of pixel regions defined by electrodes formed to
intersect each other to apply a voltage to the liquid crystal
layer.

[0028] FIG. 1 is a plan view showing a portion of a pixel
region formed at a lower substrate of an FFS mode LCD in
accordance with an exemplary embodiment of the present
invention, FIG. 2 is a cross-sectional view taken along line I'T
of FIG. 1, and FIGS. 3A to 3E are cross-sectional views
sequentially showing steps of forming and overlapping
respective layers.

[0029] A lower substrate 100 includes gate lines 200a and
data lines 600 formed of an opaque metal and arrayed to
intersect each other to form unit pixels. A transparent pixel
electrode 400 and a transparent common electrode 800 are
disposed in a unit pixel region with an insulating layer 700
interposed therebetween. The transparent pixel electrode 400
is disposed on the same layer as the data line 600, for example,
in a plate shape, so that a drain electrode 6005 of a switching
device overlaps at least a portion of the transparent pixel
electrode 400 and is electrically connected thereto. In this
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structure, a process of forming a contact hole can be removed
to solve a problem that a pixel size cannot be reduced due to
the contact hole forming process. In addition, this structure
enables high resolution to be implemented.

[0030] The transparent common electrode 800 has a plural-
ity of slits formed by patterning a transparent conductive
layer deposited on the insulating layer 700 and overlaps the
transparent pixel electrode 400 in a predetermined region.

[0031] An active pattern 500 in which an a-Si layer and an
n+a-Si layer are sequentially deposited, and source and drain
electrodes 6004 and 6005 are provided with a gate insulating
layer 300 interposed therebetween on the gate line 200a to
form a thin film transistor (TFT) T. The drain electrode 6005
is electrically connected to the transparent pixel electrode 400
to apply a data signal to the unit pixel.

[0032] Meanwhile, together with the formation of the gate
line 200a, a reflective structure 20056 formed of the same
material as the gate line is formed under the data line 600.
While the reflective structure 2005 may be formed of a mate-
rial different from the material of the gate line 2004q, it is
preferable that the reflective structure 2005 is formed of the
same material as the gate line 200a for the convenience of
process simplicity. The reflective structure 2005 is configured
to improve internal reflection, functions of which will be
described below.

[0033] Meanwhile, the transparent common electrode 800
includes a plurality of slits formed in the pixel region and
opens at least a portion of the switching device. That is, when
the unit pixel regions are formed in a matrix, the unit pixel
regions are entirely connected by the transparent common
electrodes 800 and partially open the slits and the switching
device, thereby reducing the entire resistance of the common
electrodes.

[0034] Meanwhile, the slits are configured to form an angle
of'5 to 10 degrees with respect to the gate line, and a rubbing
direction of a liquid crystal layer is formed to be substantially
parallel to the gate line direction. Since the rubbing direction
of the liquid crystal layer is substantially parallel to the gate
line direction, it is possible to reduce light leakage and dis-
clination. Axes of polarizers attached to the upper and lower
substrates may be implemented to be the same as the rubbing
direction of the liquid crystal layer.

[0035] Meanwhile, the upper substrate includes a color fil-
ter (not shown) for representing colors of a screen corre-
sponding to the pixel regions formed on the lower substrate
100. A black matrix on the data line 600 may be removed or
partially remained.

[0036] Next, amethod of fabricating an FFS mode LCD in
accordance with an exemplary embodiment of the present
invention will be described in detail with reference to FIGS. 1,
2, and 3A to 3E.

[0037] A gateline 200a including a gate electrode is formed
on a lower substrate 100, and simultaneously, a reflective
structure 2005 is formed. That is, the gate line 200a including
the gate electrode, and the reflective structure 2005 are
formed on the lower substrate 100 corresponding to a forma-
tion part of a TFT T through deposition of an opaque metal
layer and patterning thereof on the lower substrate 100. The
reflective structure 2005 is formed under a data line.

[0038] Next, a gate insulating layer 300 is deposited on the
entire surface of the lower substrate 100 to cover the gate line
2004 and the reflective structure 2005, and an a-Si layer and
an n+a-Si layer are sequentially deposited on the gate insu-
lating layer 300. In this state, the layers are patterned to form
an active layer 500 on the gate insulating layer 300 on the gate
electrode.
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[0039] Next, a plate type transparent pixel electrode 400 is
formed in each pixel region on the resultant substrate through
deposition of a transparent conductive layer and patterning
thereof.

[0040] Next, a metal layer for source and drain electrodes is
deposited and then patterned to form a data line 600 including
source and drain electrodes 600a and 6005, constituting a
TFT T as a switching device. Here, the drain electrode 60056
is configured to overlap a portion of the transparent pixel
electrode 400 and electrically connected thereto.

[0041] Next, an insulating layer 700 formed of a SiNx
material is applied on the resultant structure having the TFT T,
and then, a transparent common electrode 800 having slits is
formed to overlap at least a portion of the transparent pixel
electrode 400. The transparent common electrode 800 has a
plurality of slits formed in the pixel region, and opens at least
a portion of the TFT T.

[0042] Next, while not shown, an alignment layer is applied
onthe uppermost layer of the resultant substrate, on which the
transparent common electrode 800 is formed, to complete
manufacture of an array substrate. Meanwhile, a color filter is
selectively formed on the upper substrate, and an alignment
layer is formed thereon. The upper substrate and lower sub-
strate 100 are bonded to each other with a liquid crystal layer
interposed therebetween to complete manufacture of the FFS
mode LCD in accordance with an exemplary embodiment of
the present invention. Of course, after bonding of the sub-
strates, polarizers may be attached to outer surfaces of the
substrates.

[0043] Hereinafter, effects of the present invention will be
described in detail in comparison with a conventional LCD.
[0044] FIGS. 4 to 6 are plan views and cross-sectional
views showing comparison of effects between Korean Patent
Registration Nos. 653474 and 849599 and an exemplary
embodiment of the present invention, explaining effects such
as improvement in internal reflection of light around a data
line, prevention of light leakage, prevention of disclination,
etc., of the LED in accordance with the present invention.
FIG. 7 is a perspective view showing comparison of internal
reflection and light leakage prevention effects of LCDs
between Korean Patent Registration No. 849599 and an
exemplary embodiment of the present invention.

[0045] Theexemplary embodiment of the present invention
is provided to induce internal reflection of the unit pixel
region to increase external visibility.

[0046] In this exemplary embodiment, in addition to the
data line, a reflective structure is formed under the data line
using a gate line material, and thus, reflection by the gate line
is also possible. That is, since light cannot pass through the
reflective structure by reflection upon internal driving, the
reflective structure functions as a black matrix BM. In addi-
tion, upon external driving, external light is reflected by met-
als of the data line, the gate line, the reflective structure, etc.,
to increase external visibility.

[0047] Referring to FIGS. 4 to 6, FIG. 4 shows that a black
matrix formed on a data line in a structure of Korean Patent
Registration No. 653474 may cause a dark region, which is
non-driven, and a disclination region, which is abnormally
driven. In FIG. 5, it will be appreciated that a region in which
a black matrix is partially formed exists in Korean Patent
Registration No. 849599, and light leakage may occur due to
rubbing failures.

[0048] On the other hand, in FIG. 6, the reflective structure
is installed under the data line, and the black matrix BM is not
formed on the upper substrate or partially formed on a for-
mation region of the TFT only, improving an aperture ratio
and maximizing internal reflection.
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[0049] In addition, a rubbing direction is set to a substan-
tially 0° with respect to the gate line to align liquid crystals in
a horizontal direction so that the alignment direction is sub-
stantially perpendicular to a direction of the data line, and the
alignment direction of the liquid crystals is disposed to form
an angle of 0 or 90° with respect to transmittance axes of
polarizers of the upper and lower substrates. As a result, a
major axis of the liquid crystal on one side of the data line, in
which rubbing treatment may not be appropriately per-
formed, coincides with a transmittance axes or absorption
axes of the polarizers of the upper and lower substrates,
preventing light leakage from a corresponding region.

[0050] Meanwhile, the reflective structure may have a
width W, larger than a width W, of the data line, making it
possible to prevent colors between adjacent pixels from mix-
ing and further increase internal reflection.

[0051] Further, each distal end E, of the slits of the trans-
parent common electrode is disposed between one end S, of
the data line adjacent to the distal end E | and one end S, of the
reflective structure. As a result, the disclination region of the
end of the slit can be shaded.

[0052] Furthermore, a distal end E, of the transparent pixel
electrode may be disposed between one end S, of the reflec-
tive structure and one end S, of the data line. In order to
prevent light from leaking through a common electrode slit
between the transparent pixel electrode and the reflective
structure, the transparent pixel electrode and the reflective
structure may partially overlap each other. However, since the
data line and the pixel electrode are formed on the same layer,
which may cause a short circuit during the process, the data
line and the pixel electrode may be spaced apart a predeter-
mined distance from each other.

[0053] FIG. 8 shows another exemplary embodiment of the
present invention. Referring to FIG. 8, slits of the transparent
common electrode have angles such that adjacent pixel
regions are axisymmetrically disposed. According to the
above constitution, rotational directions of the adjacent pixels
may be opposite to each other upon driving of the liquid
crystals. That is, when angles of the slits of the transparent
common electrodes of one pixel and an adjacent pixel are
symmetrically disposed with respect to the gate line or the
data line and liquid crystals are rotated clockwise upon driv-
ing, liquid crystals of the adjacent pixel are rotated counter-
clockwise to compensate a refractive index according to a
viewing angle, preventing color shift.

[0054] FIG.9 shows another exemplary embodiment of the
present invention.

[0055] FIG. 9 shows a method in which a separate process
is added to an LCD of FIG. 1. For the convenience of descrip-
tion, only a difference from the LCD of FIG. 1 will be
described.

[0056] Referring to FIG. 9, a transparent auxiliary elec-
trode 900 is additionally formed under the transparent pixel
electrode 400. The transparent auxiliary electrode 900 is
formed in the pixel region using a transparent conductive
layer after formation of the gate line 200a and the reflective
structure 2005 so that adjacent pixel regions in the gate line
direction are electrically connected to each other. Next, pro-
cesses after FIG. 3B (a series of processes such as formation
of a gate insulating layer, formation of an active layer, forma-
tion of a transparent pixel electrode, formation of a data line,
formation of a protective layer, formation of a transparent
common electrode, etc.) are performed. Meanwhile, the
transparent auxiliary electrode 900 may have a size included
in the transparent pixel electrode 400. The transparent auxil-
iary electrode 900 functions to increase a storage capacitance.
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[0057] The function of the transparent auxiliary electrode
900 is to maintain or increase the entire storage capacitance
and effectively improve image quality by adjusting an auxil-
iary storage capacitance by the transparent auxiliary elec-
trode 900 according to variation in pixel size due to high
resolution and variation in conventional storage capacitance
of each pixel.

[0058] As can be seen from the foregoing, a contact hole in
a pixel region can be removed to implement high resolution.
[0059] Inaddition, since reflection by a metal material of a
data line and a gate line can be used, external visibility can be
increased.

[0060] Further, since a rubbing process is performed at an
angle of °0 or substantially 0° with respect to the gate line, it
is possible to prevent light leakage of the data line of the
conventional art.

[0061] It will be apparent to those skilled in the art that
various modifications can be made to the above-described
exemplary embodiments of the present invention without
departing from the spirit or scope of the invention. Thus, it is
intended that the present invention covers all such modifica-
tions provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:

1. A fringe field switching mode (FFS mode) liquid crystal
display device (LCD) including a lower substrate, an upper
substrate, and a liquid crystal layer disposed between the
substrates, the lower substrate including unit pixel regions
defined by gate lines and data lines formed to intersect each
other and switching devices disposed on intersections of the
gate and data lines, the LCD comprising:

a transparent pixel electrode disposed in the pixel region;

and
a transparent common electrode disposed on the transpar-
ent pixel electrode and spaced apart from the transparent
pixel electrode with an insulating layer interposed ther-
ebetween, and having a plurality of slits formed in the
pixel region, to adjust optical transmittance by applying
a voltage to the liquid crystal layer,

wherein the slits are disposed to form an angle of 5 to 10°
with respect to the gate line, a rubbing direction of the
liquid crystal layer is substantially parallel to a gate
direction, and a drain electrode of the switching device is
electrically connected to the transparent pixel electrode.

2. The LCD according to claim 1, further comprising a
reflective structure formed of the same material as the gate
line and disposed under the data line with an insulating layer
disposed therebetween.

3. The LCD according to claim 2, wherein the reflective
structure has a width larger than that of the data line.

4. The LCD according to claim 3, wherein distal ends of the
slits of the transparent common electrode are disposed
between one end of the date line adjacent to the distal ends
and one end of the reflective structure.

5. The LCD according to claim 3, wherein a distal end of
the transparent pixel electrode is disposed between one end of
the data line adjacent to the distal end and one end of the
reflective structure.

6. The LCD according to claim 1, wherein the angle of the
slits is determined such that adjacent pixel regions are axi-
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symmetrically disposed to differentiate rotational directions
upon driving of liquid crystals.

7. The LCD according to claim 1, further comprising a
transparent auxiliary electrode formed under the transparent
pixel electrode.

8. The LCD according to claim 1, the transparent common
electrode open at least a portion of the switching device

9. A method of fabricating a fringe field switching mode
(FFS mode) liquid crystal display device (LCD) including a
lower substrate, an upper substrate, and a liquid crystal layer
disposed between the substrates, the lower substrate includ-
ing unit pixel regions defined by gate lines and data lines
formed to intersect each other and switching devices disposed
on intersections of the gate and data lines, the method com-
prising:

forming a gate line;

forming a gate insulating layer and an active layer on the

gate line;

forming a transparent pixel electrode in the pixel region;

forming a drain electrode and a data line on the resultant
structure having the transparent pixel electrode, wherein
a portion of the drain electrode is electrically connected
to a portion of the pixel electrode; and

forming a transparent common electrode disposed on and
spaced apart from the transparent pixel electrode with an
insulating layer interposed therebetween, having a plu-
rality of slits in the pixel region, and configured to open
at least a portion of the switching device.

10. The method according to claim 9, wherein the slits are
disposed to form an angle of 5 to 10° with respect to the gate
line, and a rubbing direction of the liquid crystal layer is
substantially parallel to a gate direction.

11. The method according to claim 9, wherein a reflective
structure is formed under a region, in which the data line is to
be formed, when the gate line is formed.

12. The method according to claim 11, wherein the reflec-
tive structure has a width larger than that of the data line.

13. The method according to claim 12, wherein distal ends
of'the slits of the transparent common electrode are disposed
between one end of the date line adjacent to the distal ends
and one end of the reflective structure.

14. The method according to claim 13, wherein a distal end
of'the transparent pixel electrode is disposed between one end
of the reflective structure and one end of the data line.

15. The method according to claim 9, wherein the angle of
the slits is determined such that adjacent pixel regions are
axisymmetrically disposed to differentiate rotational direc-
tions upon driving of liquid crystals.

16. The method according to claim 9, further comprising
forming a transparent auxiliary electrode under the transpar-
ent pixel electrode.
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