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(57) ABSTRACT

A liquid crystal display device including a cut portion at a
position not overlapping the gate electrode such the pixel
electrode is floating and does not receive a voltage from the
source electrode via the active layer and the drain electrode; a
second insulating layer above the first insulating layer; a
plurality of common electrodes on the second insulating
layer; and a welded portion at a region where a corresponding
common electrode overlaps the drain electrode. Further, the
drain electrode and the pixel electrode are electrically con-
nected to each other via a connection pattern formed in a
contact hole such that the welded portion floats the pixel
electrode.
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FIG. 1

RELATED ART
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FIG. 2

RELATED ART
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FIG. 3

RELATED ART
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR REPAIRING THE SAME

CROSS-REFERENCE TO A RELATED
APPLICATION

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Application No. 10-2012-0018189, filed on Feb. 22,
2012, the contents of which is incorporated by reference
herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) device and a method for repairing the same, and
more particularly, to an LCD device in which a hot pixel is
repaired into a dead pixel, and a method for repairing the
same.

[0004] 2. Background of the Invention

[0005] Flat display devices including a Liquid Crystal Dis-
play (LCD) device, a Plasma Display Panel (PDP), an Electro
Luminescent Display (ELD), a Vacuum Fluorescent Display
(VFD), etc. have been proposed. Among such flat display
devices, the LCD device is being most widely used due to its
advantages such as an excellent picture quality, a light weight,
a thin profile, and low power consumption. The LCD device
is used in various electronic products such as a computer and
a television.

[0006] In more detail, the LCD device includes first and
second substrates facing each other, a switching device
formed at the first substrate, an L.C layer disposed between the
first and second substrates, a pixel electrode, a common elec-
trode, etc. The switching device selectively transmits a volt-
age from an external driving circuit to the pixel electrode so as
to drive the LC layer. As the LC layer is driven by an electric
field formed by the pixel electrode and the common electrode,
an image can be displayed.

[0007] However, the LCD device has the following prob-
lems. That is, if source and drain electrodes of the switching
device are not normally patterned when forming the switch-
ing device, the source and drain electrodes may not be sepa-
rated from each other. Further, a thin film transistor (TFT)
may not be normally driven due to conductive foreign mate-
rials remaining at an L.C panel, resulting in a hot pixel or a
dead pixel.

[0008] Also, when implementing a high grey (white state),
a ‘dead pixel’ refers to a phenomenon that a region is viewed
as a dark region due to light leakage. On the other hand, when
implementing a low grey (black state), a ‘hot pixel’ refers to a
phenomenon that a region is viewed as a bright region due to
light leakage.

[0009] FIG. 1 is a schematic view of a related art LCD
device. Referring to FIG. 1, pixels (P) include normal pixels
(N) and a hot pixel (H). In a black state, the normal pixels (N)
are implemented in a dark color, whereas the hot pixel (H) is
implemented in a bright color.

[0010] Generally, a human’s eyes more sensitively recog-
nize a hot pixel (H) implemented in a dark state, than a dead
pixel implemented in a bright state. Accordingly, whether an
LC panel is good or bad is generally determined based on an
inferior state of the hot pixel (H) than the dead pixel. In this
instance, the hot pixel (H) is repaired by performing a rework
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process with respect to a corresponding pixel, or by convert-
ing the hot pixel into a dead pixel.

[0011] However, in the rework process, the switching
device may not be normally driven due to foreign materials
remaining thereon. Furthermore, if the first and second sub-
strates are attached to each other when foreign materials
remain on the switching device, a rework process cannot be
performed.

[0012] Therefore, a method for converting a hot pixel into a
dead pixel is primarily used. In particular, FIG. 2 is a view
showing arepaired pixel in an LCD device in accordance with
the related art. That is, FIG. 2 illustrates a Fringe Field
Switching (FFS) type LCD device, in which a repair process
has been performed in regions ‘a’ and ‘b’.

[0013] In the region ‘a’, a repair process is performed so
that part of a drain electrode 42 can be cut. Since the drain
electrode 42 is provided with a voltage from a source elec-
trode 41 by a channel of an active layer 30, the voltage is not
applied to a pixel electrode 15 connected to the cut drain
electrode 42. That is, the pixel electrode 15 is floating. How-
ever, a potential of the floating pixel electrode 15 is different
from a common electrode 60. This causes a corresponding
pixel to operate as a hot pixel. Accordingly, a repair process is
performed with respect to the region “b’.

[0014] In the region ‘b’, a repair process is performed so
that the pixel electrode 15 and the common electrode 60 are
electrically shorted to each other. FIG. 3 illustrates a section
of a pixel repaired in the region ‘b’. Referring to FIG. 3, the
repair process in the region ‘b’ is performed by welding an
upper part of the common electrode 60 so as to form a passage
connected to the pixel electrode 15 from a lower part of the
common electrode 60.

[0015] As the passage is formed, the pixel electrode 15 and
the common electrode 60 come in contact with each other. As
the pixel electrode 15 and the common electrode 60 are elec-
trically connected to each other, there is no potential differ-
ence therebetween.

[0016] In addition, because the repaired pixel electrode 15
has no potential difference from the common electrode 60, a
horizontal electric field is not formed. Accordingly, an
aligned state of LC molecules corresponding to the repaired
pixel is not changed. That is, the repaired pixel is observed as
a dead pixel in a black state.

[0017] If the LCD device is immediately driven after the
repair process, the repaired pixel is observed as a dead pixel.
However, the repaired pixel may be observed as a hot pixel, as
the passage for connecting the pixel electrode 15 and the
common electrode 60 to each other is closed by a voltage or
heat generated from the repaired pixel, after the LCD device
is continuously driven.

[0018] Furthermore, the repair process has a difficulty in
passing through a thick film including a passivation layer and
a gate insulating film each disposed between the pixel elec-
trode 15 and the common electrode 60. It is also difficult to
perform a welding process with respect to the pixel electrode
15 and the common electrode 60 each formed of a thin film
having a thickness of 300 A~400 A.

SUMMARY OF THE INVENTION

[0019] Accordingly, one aspect of the present invention is
to provide a liquid crystal display (LCD) device capable of
enhancing a repair rate by electrically contacting a pixel
electrode and a common electrode with each other through a
floating electrode.
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[0020] To achieve these and other advantages and in accor-
dance with the purpose of this specification, as embodied and
broadly described herein, the present invention provides in
one aspect a liquid crystal display device including a first
substrate and a second substrate facing each other; a gate
electrode and a pixel electrode formed on the first substrate; a
first insulating layer covering the gate electrode and partially
covering the pixel electrode; an active layer on the first insu-
lating layer; a source electrode on the active layer; a drain
electrode on the active layer and connected to the pixel elec-
trode, the drain electrode being spaced from the source elec-
trode and connected electrically to the pixel electrode through
a contact hole, where the drain electrode includes a cut por-
tion at a position not overlapping the gate electrode such the
pixel electrode is floating and does not receive a voltage from
the source electrode via the active layer and the drain elec-
trode; a second insulating layer above the first insulating
layer; a plurality of common electrodes on the second insu-
lating layer; and a welded portion at a region where a corre-
sponding common electrode overlaps the drain electrode.
Further, the drain electrode and the pixel electrode are elec-
trically connected to each other via a connection pattern
formed in a contact hole such that the welded portion floats
the pixel electrode. The present invention also provides a
corresponding method of repairing a liquid crystal display
device.

[0021] In another aspect, the present invention provides a
liquid crystal display device including a first substrate and a
second substrate facing each other; a gate line, a gate elec-
trode and a pixel electrode on the first substrate; a first insu-
lating layer covering the gate electrode and partially covering
the pixel electrode; an active layer on the first insulating layer;
a source electrode on the active layer; a drain electrode on the
active layer, the drain electrode being spaced from the source
electrode and connected electrically to the pixel electrode
through a contact hole, where the drain electrode includes a
cut portion at a position not overlapping the gate electrode
such the pixel electrode is floating and does not receive a
voltage from the source electrode via the active layer and the
drain electrode; a second insulating layer above the first insu-
lating layer; a plurality of common electrodes on the second
insulating layer; a common electrode connection line extend-
ing from a corresponding common electrode and overlapping
another region of the gate line, where the gate line include first
and second cut portions; and a welded portion at a position
between the first and second cut portions and connecting the
drain electrode to the gate line. Further, the common elec-
trode connection line is disposed on top of the second insu-
lating layer and extends through the second insulating layer to
the gate line at another position between the first and second
cut portions of the gate line. The present invention also pro-
vides a corresponding method of repairing a liquid crystal
display device.

[0022] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by illus-
tration only, since various changes and modifications within
the spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments and together with the
description serve to explain the principles of the invention.
[0024] In the drawings:

[0025] FIG. 1 is a schematic view of a related art liquid
crystal display (LCD) device;

[0026] FIG. 2 isaview showing a repaired pixel ofa related
art LCD device;

[0027] FIG. 3 is a sectional view showing a region ‘b’ in
FIG. 2;

[0028] FIG. 4A is a planar view of a unit pixel of an LCD

device according to a first embodiment of the present inven-
tion;

[0029] FIG. 4B is a sectional view taken along line I-I' and
II-1I' in FIG. 4A;

[0030] FIGS.5A and 6A are planar views showing a repair
process in an LCD device according to the first embodiment
of the present invention;

[0031] FIGS. 5B and 6B are sectional views taken along
line I-I' and II-IT' in FIGS. 5A and 6A,;

[0032] FIGS.7A and 8A are planar views showing a repair
process in an LCD device according to a second embodiment
of the present invention; and

[0033] FIGS. 7B and 8B are sectional views taken along
line I-I' and II-II' in FIGS. 7A and 8A.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Description will now be given in detail of the exem-
plary embodiments, with reference to the accompanying
drawings. For the sake of brief description with reference to
the drawings, the same or equivalent components will be
provided with the same reference numbers, and description
thereof will not be repeated.

[0035] Hereinafter, a liquid crystal display (LCD) device
and a method for repairing the same according to embodi-
ments of the present invention will be explained in more detail
with reference to the attached drawings. A singular expres-
sion may include a plural concept unless there is a contextu-
ally distinctive difference therebetween. The components
may be illustrated in drawings in an enlarged or contracted
manner for convenience. Even though terms of “first’, ‘sec-
ond’, etc. are used to explain various components, the com-
ponents are not limited to the terms. Because the terms are
used only to distinguish one component from another com-
ponent, the components are not limited by the terms.

[0036] FIG. 4A is a planar view of a unit pixel of an LCD
device according to a first embodiment of the present inven-
tion, and FIG. 4B is a sectional view taken along line I-I' and
II-II' in FIG. 4A. The LCD device according to the first
embodiment of the present invention includes an L.C panel, a
backlight unit and a driving circuit unit.

[0037] The LC panel includes a first substrate, a second
substrate facing the first substrate and an LC layer. Only a first
substrate 100 is shown in FIG. 4B Hereinafter, the first sub-
strate will be explained in more detail.

[0038] Referringto FIGS. 4A and 4B, the first substrate 100
includes a gate line 111, a data line 140, a gate pad, a data pad,
and a plurality of pixels. Each unit pixel includes a switching
device, a pixel electrode 115 and a common electrode 160.
Further, the data line 140 and the gate line 111 cross each
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other on the first substrate 100, which define a plurality of
pixels in a matrix shape. The data line 140 may be formed in
an ‘S’ shape having a predetermined angle.

[0039] In addition, the gate pad transmits a gate driving
voltage received from an external circuit to the gate line 111.
Further, the data pad transmits a data driving voltage received
from an external circuit to the data line 140. The switching
device serving as a thin film transistor (TFT) includes a gate
electrode 110, an active layer 130, and source/drain elec-
trodes 141 and 142.

[0040] Further, the gate electrode 110 extending from the
gate line 111 is formed on the first substrate 100. For smooth
transfer of a gate voltage and for prevention of damage due to
an incident light from a backlight unit, the gate electrode 110
is preferably formed to have an area larger than that of the
active layer 130. The active layer 130 is formed at a region
overlapping the gate electrode 110 where a first insulating
layer 120 is disposed therebetween.

[0041] The active layer 130 forms a channel region along
which charges move and may include amorphous silicone or
an oxide semiconductor. If the active layer 130 is formed of
amorphous silicone, an ohmic contact layer can be formed on
the active layer 130 for smooth electrical contact between the
active layer 130 and the source/drain electrodes 141 and 142.
On the other hand, if the active layer 130 is formed of an oxide
semiconductor, an etch stopper can be formed on the active
layer 130 so that damage of the channel region of the active
layer 130 due to etching can be prevented.

[0042] Then, the source/drain electrodes 141 and 142 are
formed to overlap the active layer 130. Referring to FIG. 4A,
the source electrode 141 extends from one region of the data
line 140 towards the gate line 111 in a ‘U’ shape. In addition,
the drain electrode 142 is inserted into the “U’-shaped source
electrode 141. This configuration enhances a channel charac-
teristic of the active layer 130 by controlling a channel width
(W)/a channel length (L). However, the source/drain elec-
trodes 141 and 142 are not limited to have such shape, and can
have various shapes.

[0043] Also, the drain electrode 142 includes a first drain
electrode portion 142a, a second drain electrode portion
1425, and a third drain electrode portion 142¢. The first drain
electrode portion 142a is adjacent to the source electrode 141,
and partially overlaps a channel region so as to receive from
the source electrode 141a data voltage transferred through the
data line 140.

[0044] The second drain electrode portion 1425 extends
from the first drain electrode portion 1424 and is electrically
connected through a first contact hole 155 to the pixel elec-
trode 115 formed below the second drain electrode portion
142b. In addition, the third drain electrode portion 142¢
extends from the second drain electrode portion 1425 in one
direction, and overlaps the common electrode 160. The third
drain electrode portion 142¢ may also be formed to have a
predetermined curvature.

[0045] Referring to FIG. 4B, the active layer 130 is prefer-
ably formed to entirely overlap the drain electrode 142. This
results from the drain electrode 142 and the active layer 130
being formed using the same mask. However, the first
embodiment of the present invention is not limited to this.
That is, the active layer 130 may be formed to partially over-
lap the drain electrode 142.

[0046] Referring to FIG. 4A, the pixel electrode 115 is
formed in a single pattern so as to correspond to a transmis-
sive region of a unit pixel. Referring to FIG. 4B, the pixel
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electrode 115 is formed at the same layer as the gate electrode
110 on the first substrate 100. The pixel electrode 115 is also
electrically connected to the drain electrode 142 via a con-
nection pattern 161 of the first contact hole 155, and receives
a data voltage from the drain electrode 142.

[0047] Further, the first contact hole 155 is formed through
the first insulating layer 120, the active layer 130, the drain
electrode 142 and a second insulating layer 150. The connec-
tion pattern 161 is formed in the first contact hole 155.
Accordingly, the connection pattern 161 contacts the second
drain electrode portion 1425 on an inner side surface of the
first contact hole 155, and contacts the pixel electrode 115 on
alower surface of the first contact hole 155. Referring to FIG.
4 A, the first contact hole 155 is formed to partially overlap the
second drain electrode portion 1425.

[0048] Referring to FIG. 4A, the common electrode 160 is
formed at a region overlapping the pixel electrode 115 and
includes a plurality of slits, which forms a fringe electric field
together with the pixel electrode 115. Referring to FIG. 4B,
the common electrode 160 is formed on the second insulating
layer 150. In the LCD device according to the first embodi-
ment of the present invention, the first insulating layer 120
and the second insulating layer 150 are included between the
pixel electrode 115 and the common electrode 160. Under
this configuration, the distance between the pixel electrode
115 and the common electrode 160 is maximized, which
minimizes an influence by a parasitic capacitor occurring
therebetween.

[0049] Further, the common electrode 160 receives a com-
mon voltage by being electrically connected to a common
voltage line 117 through a second contact hole 156. Referring
to FIG. 4A, a common electrode connection line downward
extending along with the common electrode 160 extending
right and left are connected to the common electrode 160 of a
neighboring pixel. Under this configuration, the common
electrode 160 of each pixel can be smoothly supplied with a
common voltage.

[0050] In addition, a region of the common electrode 160
near the common electrode connection line is formed to over-
lap the third drain electrode portion 142¢. The reason is to
facilitate an electrical contact between the common electrode
160 and the third drain electrode 142, when welding during a
repair process.

[0051] The common electrode 160 may also be formed by
using the same mask as the connection pattern 161. Further,
each of the common electrode 160, the connection pattern
161 and the pixel electrode 115 may include a transparent
conductive material such as Indium Tin Oxide (ITO) or
Indium Zinc Oxide (1IZO).

[0052] As aforementioned, if foreign materials are intro-
duced to the first substrate 100, or if the source/drain elec-
trodes 141 and 142 of the TFT have an inferior pattern, a
corresponding pixel may operate as a hot pixel. To solve such
aproblem, amethod for repairing an LCD device according to
the first embodiment will be explained in more detail.
[0053] In particular, FIGS. 5A and 6A are planar views
showing a repair process in an LCD device according to the
first embodiment of the present invention, and FIGS. 5B and
6B are sectional views taken along line I-I' and II-II' in FIGS.
5A and 6A. As shown in FIG. 5A, the first drain electrode
portion 142a formed at a hot pixel is cut so as to repair the hot
pixel. The cutting may be performed by various cutting tools.
Preferably, a laser is used. A laser spot is preferably in the
range of 3.5 um~4.5 pm.
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[0054] The cutting position is a region ‘A1’, which indi-
cates where the first drain electrode portion 142a does not
overlap the gate electrode 110. When cutting the drain elec-
trode portion 142a by a laser at an overlapping region with the
gate electrode 110, if the cutting is excessively performed up
to the gate electrode 110 from the drain electrode 142, the
drain electrode 142 melted by the laser comes in contact with
the gate electrode 110.

[0055] This causes electrical shorting between the drain
electrode 142 and the gate electrode 110. Therefore, the
region ‘A1’ is preferably a region of the first drain electrode
portion 142a not overlapping the gate electrode 110. A width
(d1) of the region ‘A1’ may be at least 7.5 pm for prevention
of electrical interference between the gate electrode 110 and
the drain electrode 142.

[0056] In addition, the cutting direction may be a direction
perpendicular to the first drain electrode portion 142a. How-
ever, the present invention is not limited to this. That is, the
cutting direction may be any direction where the first drain
electrode portion 142a is electrically disconnected from the
gate electrode 110.

[0057] As shown in FIG. 5B, the cutting depth may have
any value so only the first drain electrode portion 142a is cut.
For cutting the first drain electrode portion 142a, the second
insulating layer 150 is firstly cut. The second insulating layer
150 preferably has a thickness of 5000 A~6000 A. When
cutting the first drain electrode portion 142a, the second drain
electrode portion 14256 and the pixel electrode 115 are in a
floating state, respectively. That is, the floating state indicates
a voltage is not applied to the electrode due to an insulated
state.

[0058] Here, the pixel electrode 115 is floating because the
first drain electrode portion 142a is electrically connected to
the second drain electrode portion 1424, the third drain elec-
trode portion 142¢, and the pixel electrode 115. A passage
through which a data voltage from the source electrode 141 is
transferred to the second drain electrode portion 1425, the
third drain electrode portion 142¢ and the pixel electrode 115,
disappears by the cutting process. Accordingly, the pixel elec-
trode 115, the second drain electrode portion 1425 and the
third drain electrode portion 142¢ are in a floating state,
respectively.

[0059] Then, a welding process is performed ata region ‘B’
where the third drain electrode portion 142¢ and the common
electrode 160 overlap each other as shown in FIGS. 6A and
6B. The welding may be performed by a laser, and a laser spot
is preferably in the range of 3.5 um~4.5 um. In addition, the
third drain electrode portion 142¢ and the common electrode
160 are welded to each other in the form of points. However,
the third drain electrode portion 142¢ and the common elec-
trode 160 may be welded to each other in the form of lines or
planes.

[0060] For point welding the third drain electrode portion
142¢ and the common electrode 160, the welding can be
performed on at least one spot. In FIGS. 6A and 6B, the
welding is performed on two spots. In addition, the region
‘B1’ preferably has an area larger than a width of the laser
spot. The area of the region ‘B1’ can be differently designed
according to an area of a welding spot. That is, the area of the
region ‘B1’ can be determined considering the equipment
used such as a laser unit, a processing margin for aligning the
first substrate 100, etc.

[0061] For instance, referring to FIG. 6A, the welding is
performed in the form of points at two spots. Because the laser
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spot has a width of 3.5 um~4.5 um, the welding spot prefer-
ably has a width of 3.5 um~4.5 um. Each horizontal width
(d1) and vertical width (d2) of the region ‘B1’ is also prefer-
ably designed to be 5 um or more when considering a pro-
cessing margin.

[0062] Next, the section of the region ‘B1’° where the weld-
ing is performed will be explained. The common electrode
160 is electrically connected to the third drain electrode por-
tion 142¢ through the second insulating layer 150. Once a
laser is irradiated onto the second insulating layer 150, a
passage of a predetermined width is formed. Further, the
common electrode 160 melted by the laser flows on the third
drain electrode portion 142¢ through the passage, thereby
contacting the third drain electrode portion 142c¢.

[0063] As the third drain electrode portion 142¢ and the
common electrode 160 are electrically connected to each
other, they have the same potential. In addition, the third drain
electrode portion 142¢ is connected to the pixel electrode 115
through the second drain electrode portion 1425, and the pixel
electrode 115 is in a floating state. Because the pixel electrode
115 and the common electrode 160 are electrically connected
to each other through the floating second and third drain
electrode portions 1426 and 142¢, the pixel electrode 115 and
the common electrode 160 have the same potential.

[0064] In order to drive an LC layer, an electric field for
changing an alignment direction of LC molecules is gener-
ated by a potential difference between the pixel electrode 115
and the common electrode 160. In the first embodiment, the
LC layer is not driven because there is no potential difference
between the common electrode 160 and the pixel electrode
115. Accordingly, a repaired unit pixel does not allow light to
pass therethrough in a black state. That is, a hot pixel is
converted into a dead pixel.

[0065] Further, in the first embodiment, the drain electrode
142 preferably has a thickness of 2500 A~3000 A, whereas
the pixel electrode 115 preferably has a thickness of 300
A~400 A. The first insulating layer 120 preferably has a
thickness of about 4000 A, and the second insulating layer
150 preferably has a thickness of 5000 A~6000 A. In the
related art, the pixel electrode 115 having a small thickness
and the common electrode 160 are welded to each other
through the first insulating layer 120 and the second insulat-
ing layer 150 having a total depth of about 10,000 A. Further-
more, even if the repair process has been successfully per-
formed, a repaired pixel may change into an inferior pixel
after a continuous driving of the LCD device, due to the
related art welding process.

[0066] However, in the present invention, welding is per-
formed with respect to the thick drain electrode 142 only
through the second insulating layer 150 having a thickness of
5000 A~6000 A without through the first insulating layer 120.
Accordingly, a welding process is more smoothly performed
in the present invention than in the related art. That is, because
the drain electrode 142 and the common electrode 160 com-
pletely come in electrical contact with each other, a repair
process can be successfully performed. Furthermore, since a
repaired pixel does not change into an inferior pixel after a
continuous driving of the LCD device, the reliability of the
product is enhanced.

[0067] Hereinafter, a method for repairing an LCD device
according to a second embodiment of the present invention
will be explained in more detail. In particular, FIGS. 7A and
8A are planar views showing a repair process in an LCD
device according to the second embodiment of the present
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invention, and FIGS. 7B and 8B are sectional views taken
along line I-I' and II-IT" in FIGS. 7A and 8A.

[0068] The LCD device according to the second embodi-
ment has a similar configuration as the LCD device according
to the first embodiment, except for the shape of a third drain
electrode portion 242¢. Referring to FIGS. 7A and 7B, the
third drain electrode portion 242¢ is formed to overlap a gate
line 211. Further, the gate line 211 extends to a direction
perpendicular to a gate line forming direction, rather than
another gate line region 211.

[0069] Unlike in the first embodiment, the third drain elec-
trode portion 242¢ is formed to have no curved portion, and
extends from the second drain electrode portion 2425 towards
the same direction as the gate line forming direction. Refer-
ring to FIG. 7B, the third drain electrode 242¢ and the gate
line 211 are arranged to overlap each other with the first
insulating layer 220 disposed therebetween.

[0070] Inthe LCD device according to the second embodi-
ment, a pixel electrode 215 and a common electrode connec-
tion line 2604 are connected to each other to have the same
potential by the gate line 211 as well as the drain electrode
242. A method for repairing an LCD device according to the
second embodiment will now be explained. Referring to
FIGS. 7A and 7B, the method for repairing an LCD device
according to the second embodiment is performed by cutting
the drain electrode 242 formed at a hot pixel. The cutting
process can be performed by a laser.

[0071] Further, the drain electrode 242 includes a first drain
electrode portion 242a, a second drain electrode portion
242b, and a third drain electrode portion 242¢. When cutting
the first drain electrode portion 242a, each of the second drain
electrode portion 2425 and the third drain electrode portion
242¢ connected to the first drain electrode portion 242a are in
a floating state. Also, because the second drain electrode
portion 24254 is connected to the pixel electrode 215, the pixel
electrode 215 is also in a floating state.

[0072] An active layer 230, contact hole 255 and connec-
tion pattern 261 are also shown in this second embodiment. In
addition, the cutting region is a region ‘A2’, which is a region
where the first drain electrode portion 242a has been formed.
The region ‘A2’ may also be a region not overlapping a gate
electrode 210, among regions where the first drain electrode
portion 242a has been formed.

[0073] Then, the gate line 211 is cut at regions ‘B2’ and
‘C2’, thereby being in a floating state. Referring to FIG. 7A,
the floating gate line 211 indicates part of the gate line 211
formed at an overlapping region between the third drain elec-
trode portion 242¢ and the common electrode connection line
260qa. Referring to FIG. 7B, the first insulating layer 220 is
disposed between the floating gate line 211 and the third drain
electrode portion 242¢. In addition, the first insulating layer
220 and the second insulating layer 250 are disposed between
the floating gate line 211 and the common electrode connec-
tion line 260a.

[0074] Further, in the region ‘B2’, only the gate line 211 is
cut. Alternatively, both of the common electrode connection
line 260a and the gate line 211 may be cut as shown in FIG.
7A. Even if the common electrode connection line 260q is
cut, a common voltage can be applied to the common elec-
trode 260 through another region. This generally does not
causes significant problems in repairing the LCD device.
[0075] Also, in the region ‘C2’, only a single gate line 211
for forming the floating gate line 211 is preferably cut. In
addition, the regions ‘A2, B2 and C2’ may be cut by a laser as
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in the first embodiment. In the region ‘A2’, the second insu-
lating layer 250 and the drain electrode 242 are cut, and in the
regions ‘B2 and C2’, the second insulating layer 250 and the
gate line 211 are cut.

[0076] Then, as shown in FIGS. 8A and 8B, the floating
third drain electrode portion 242¢ and the floating gate line
211 are welded to each other. The common electrode connec-
tion line 260a and the floating gate line 211 may also be
welded to each other.

[0077] Further, when welding the floating third drain elec-
trode portion 242¢ and the floating gate line 211 to each other,
a single floating electrode is foamed. Then, the common
electrode connection line 260a is welded to the floating elec-
trode. Accordingly, the floating electrode serves as a medium
for electrically connecting the common electrode connection
line 2604 and the pixel electrode 215 to each other.

[0078] Referring to FIG. 8B, which shows a sectional sur-
face of a substrate, the second drain electrode 242 is electri-
cally connected to the pixel electrode 215 at a region of I~I'.
Ataregion of II~II', the third drain electrode portion 242¢ and
the common electrode connection line 260a are electrically
connected to each other through the floating gate line 211.
Because the second drain electrode portion 2424 and the third
drain electrode portion 242¢ are electrically connected to
each other, the pixel electrode 215 and the common electrode
260 are electrically connected to each other.

[0079] In addition, the welding is performed at a region
‘D2’ where the third drain electrode portion 242¢ and the
floating gate line 211 overlap each other, and at a region ‘E2’
where the common electrode connection line 260a and the
floating gate line 211 overlap each other. The region ‘E2’ is
fanned as the common electrode connection line 260a crosses
the gate line.

[0080] As discussed above, the welding can be performed
by a laser in the form of points, or lines, or planes. When
welding in the form of points, the welding may be performed
on at least one spot. When a laser spot has a width of 3.5
um~4.5 pm and the welding is performed on two spots, each
of a horizontal width and a vertical width at the regions ‘D2’
and ‘E2’ is preferably 5 um or greater.

[0081] As aforementioned, in the method for repairing an
LCD device according to the second embodiment, the third
drain electrode portion 242¢ and the floating gate line 211 are
implemented as a floating electrode, thereby serving as a
medium for electrically connecting the pixel electrode 215
and the common electrode connection line 260a to each other.
As a result, the common electrode connection line 260a and
the pixel electrode 215 at a hot pixel have the same potential.
Accordingly, the hot pixel is converted into a dead pixel.
[0082] The foregoing embodiments and advantages are
merely exemplary and are not to be considered as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.
[0083] As the present features may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
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considered broadly within its scope as defined in the
appended claims, and therefore all changes and modifications
that fall within the metes and bounds of the claims, or equiva-
lents of such metes and bounds are therefore intended to be
embraced by the appended claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate and a second substrate facing each other;

a gate electrode and a pixel electrode formed on the first
substrate;

a first insulating layer covering the gate electrode and par-
tially covering the pixel electrode;

an active layer on the first insulating layer;

a source electrode on the active layer;

a drain electrode on the active layer and connected to the
pixel electrode, the drain electrode being spaced from
the source electrode and connected electrically to the
pixel electrode through a contact hole, wherein the drain
electrode includes a cut portion at a position not over-
lapping the gate electrode such the pixel electrode is
floating and does not receive a voltage from the source
electrode via the active layer and the drain electrode;

a second insulating layer above the first insulating layer;

a plurality of common electrodes on the second insulating
layer; and

a welded portion at a region where a corresponding com-
mon electrode overlaps the drain electrode,

wherein the drain electrode and the pixel electrode are
electrically connected to each other via a connection
pattern formed in a contact hole such that the welded
portion floats the pixel electrode.

2. The liquid crystal display device of claim 1, wherein the
welded portion shorts the drain electrode and the correspond-
ing common electrode so that the pixel electrode and the
corresponding common electrode have a same potential.

3. The liquid crystal display device of claim 1, wherein the
welded portion includes at least one spot weld.

4. The liquid crystal display device of claim 1, wherein the
drain electrode has a thickness of 2500 A~3000 A, and the
second insulating layer formed between the drain electrode
and the common electrode has a thickness of 5000 A~6000 A.

5. The liquid crystal display device of claim 1, wherein the
contact hole passes through the first insulating layer, the
active layer, the drain electrode and the second insulating
layer, and

wherein the connection pattern and the common electrode
include Indium Tin Oxide (ITO).

6. The liquid crystal display device of claim 5, wherein the
drain electrode and the contact hole partially overlap each
other.

7. The liquid crystal display device of claim 1, further
comprising:

an etch stopper formed on a channel region of the active
layer and below the source and drain electrodes.

8. A liquid crystal display device, comprising:

a first substrate and a second substrate facing each other;

a gate line, a gate electrode and a pixel electrode on the first
substrate;

a first insulating layer covering the gate electrode and par-
tially covering the pixel electrode;

an active layer on the first insulating layer;

a source electrode on the active layer;

a drain electrode on the active layer, the drain electrode
being spaced from the source electrode and connected
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electrically to the pixel electrode through a contact hole,
wherein the drain electrode includes a cut portion at a
position not overlapping the gate electrode such the
pixel electrode is floating and does not receive a voltage
from the source electrode via the active layer and the
drain electrode;

a second insulating layer above the first insulating layer;

a plurality of common electrodes on the second insulating
layer;

a common electrode connection line extending from a cor-
responding common electrode and overlapping another
region of the gate line, wherein the gate line include first
and second cut portions; and

a welded portion at a position between the first and second
cut portions and connecting the drain electrode to the
gate line,

wherein the common electrode connection line is disposed
on top of the second insulating layer and extends through
the second insulating layer to the gate line at another
position between the first and second cut portions of the
gate line.

9. The liquid crystal display device of claim 8, wherein the

welded portion includes at least one spot weld.

10. The liquid crystal display device of claim 8, wherein
the drain electrode has a thickness of 2500 A~3000 A, the
second insulating layer formed between the drain electrode
and the common electrode has a thickness of 5000 A~6000 A,
and the gate line has a thickness of 2000 A~4000 A.

11. A method of repairing a liquid crystal display device,
the method comprising:

providing a thin film array substrate including a first sub-
strate and a second substrate facing each other; a gate
electrode and a pixel electrode formed on the first sub-
strate; a first insulating layer covering the gate electrode
and partially covering the pixel electrode; an active layer
on the first insulating layer; a source electrode on the
active layer; a drain electrode on the active layer and
connected to the pixel electrode; a second insulating
layer above the first insulating layer; and a plurality of
common electrodes on the second insulating layer,
wherein the drain electrode is spaced from the source
electrode and connected electrically to the pixel elec-
trode through a contact hole;

cutting a cut portion through the drain electrode at a posi-
tion not overlapping the gate electrode such the pixel
electrode is floating and does not receive a voltage from
the source electrode via the active layer and the drain
electrode; and

welding a welded portion at a region where a correspond-
ing common electrode overlaps the drain electrode,

wherein the drain electrode and the pixel electrode are
electrically connected to each other via a connection
pattern formed in a contact hole such that the welded
portion floats the pixel electrode.

12. The method of claim 11, wherein the welded portion
shorts the drain electrode and the corresponding common
electrode so that the pixel electrode and the corresponding
common electrode have a same potential.

13. The method of claim 11, wherein the welded portion
includes at least one spot weld.

14. The method of claim 11, wherein the drain electrode
has a thickness of 2500 A~3000 A, and the second insulating
layer formed between the drain electrode and the common
electrode has a thickness of 5000 A~6000 A.
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15. The method of claim 11, wherein the contact hole
passes through the first insulating layer, the active layer, the
drain electrode and the second insulating layer, and

wherein the connection pattern and the common electrode

include Indium Tin Oxide (ITO).

16. The method of claim 15, wherein the drain electrode
and the contact hole partially overlap each other.

17. The method of claim 11, further comprising:

forming an etch stopper on a channel region of the active

layer and below the source and drain electrodes.

18. A method of repairing a liquid crystal display device,
the method comprising:

providing a thin film array substrate including a first sub-

strate and a second substrate facing each other; a gate
line, a gate electrode and a pixel electrode on the first
substrate; a first insulating layer covering the gate elec-
trode and partially covering the pixel electrode; an active
layer on the first insulating layer; a source electrode on
the active layer; a drain electrode on the active layer; a
second insulating layer above the first insulating layer;
and a plurality of common electrodes on the second
insulating layer, wherein the drain electrode is spaced
from the source electrode and connected electrically to
the pixel electrode through a contact hole;
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cutting a cut portion through the drain electrode at a posi-
tion not overlapping the gate electrode such the pixel
electrode is floating and does not receive a voltage from
the source electrode via the active layer and the drain
electrode;

forming a common electrode connection line extending

from a corresponding common electrode and overlap-
ping another region of the gate line, wherein the gate line
include first and second cut portions; and

welding a welded portion at a position between the firstand

second cut portions and connecting the drain electrode
to the gate line,

wherein the common electrode connection line is disposed

on top of the second insulating layer and extends through
the second insulating layer to the gate line at another
position between the first and second cut portions of the
gate line.

19. The method of claim 18, wherein the welded portion
includes at least one spot weld.

20. The method of claim 18, wherein the drain electrode
has a thickness of 2500 A~3000 A, the second insulating
layer formed between the drain electrode and the common
electrode has a thickness of 5000 A~6000 A, and the gate line
has a thickness of 2000 A~4000 A.

* #* #* ok %



TRAFROE) REEREEREEERE
NIF(2E)E US20130215354A1
HiES US13/725700

HRBEERRAGE) FEERERAT
BE (T RR)AGE) LG DISPLAY CO. , LTD. ,

LFERE(ERD)AGE) LG DISPLAY CO., LTD.

patsnap

2013-08-22

2012-12-21

[#R1 &% BB A YOON HYUNMYOUNG
CHOI ILMAN
KANG MOONSOO
CHO HWIJE
KBEA YOON, HYUNMYOUNG
CHOI, ILMAN
KANG, MOONSOO
CHO, HWIJE
IPCH & GO02F1/13 G02F1/1362 G02F1/1368
CPCo %= GO02F1/1309 G02F1/1368 Y10T29/49002 G02F1/136227 G02F1/136259 G02F1/136286
i 51X 1020120018189 2012-02-22 KR
H AN FF 32k US9019464
SNEBEEE Espacenet USPTO
HEGE)

RBETEEGREETEMEREBNUELW AR |, SINEEE

RFE , FRTESRRENRERMNRERRWEEF-EEELA
MEBERB_LERE NS NMRHBREENN QL BRERBR
EBNXEANERESD. W, RERNERBRE BT REEAIL

PREZRRTLBER  EERENSIFEGRBR,



https://share-analytics.zhihuiya.com/view/9548ecfd-d84d-4bda-807c-f7fa4c27f57e
https://worldwide.espacenet.com/patent/search/family/048982023/publication/US2013215354A1?q=US2013215354A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130215354%22.PGNR.&OS=DN/20130215354&RS=DN/20130215354

