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(57) ABSTRACT

An LCD array substrate includes a gate line, a data line, a
thin film transistor, a pixel electrode and a storage line. The
pixel electrode is formed in a unit pixel defined by the gate
line and the data line and is electrically connected to the thin
film transistor. The storage line includes a main storage line,
a first sub storage line and a second sub storage line. The first
sub storage line overlaps a first edge portion of the pixel
electrode by a first length. The first sub storage line overlaps
a second edge portion of the pixel electrode opposite to the
first edge portion by the first length. This arrangement
prevents a misalignment of the pixel electrode from causing
a variation in kickback voltage, thereby improving display
image quality.
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LCD PANEL ARRAY SUBSTRATES

RELATED APPLICATIONS

[0001] This application claims priority of Korean Patent
Application No. 2006-60413, filed Jun. 30, 2006, the entire
disclosure of which is incorporated herein by reference.

BACKGROUND

[0002] This disclosure relates to liquid crystal displays
(LCDs), in general, and in particular, to array substrates for
LCD panels that improve the image quality of display panels
incorporating them.

[0003] LCDs typically include an LCD panel that displays
an image using the optical characteristics of a liquid crystal
material, and a backlight assembly disposed behind the
panel for projecting light though the panel.

[0004] The LCD panel typically includes an array sub-
strate, a color filter substrate facing the array substrate, and
a layer of the liquid crystal material interposed between the
two substrates.

[0005] The array substrate includes gate and data lines that
are disposed substantially perpendicular to each other to
define a plurality of rectangular unit pixels, along with thin
film transistors that are electrically connected to the gate and
data lines, pixel electrodes that are formed in the unit pixels
and electrically connected to the thin film transistors, and
storage lines that overlap the pixel electrodes. The storage
lines are arranged to overlap the pixel electrodes so as to
form storage capacitors that maintain the voltage applied to
each pixel electrode during one image frame.

[0006] The elements of the array substrate are typically
formed through a photolithography process. For example,
the pixel electrodes may be formed through an entire-surface
deposition, or by an exposure-by-mask and an etching
process. Recently, as the size of array substrates has become
large in comparison with that of the masks used to produce
them, the exposure-by-mask process must be performed
repetitively in order to expose a single substrate. That is, the
mask must be moved by a predetermined distance between
each of the multiple exposures of the substrate.

[0007] However, when the pixel electrodes are formed
through such a multiple exposure process, the pixel elec-
trodes may be slightly misaligned with respect to the gate
lines, the data lines and the storage lines. When the pixel
electrodes are misaligned with respect to the storage lines,
the storage capacitors that are formed between the pixel
electrodes and the storage lines can vary spatially, and as a
result, generate varying kickback voltages that cause flicker
defects that deteriorate the image quality of the display.

BRIEF SUMMARY

[0008] In accordance with the exemplary embodiments
thereof described herein, LCD panel array substrates are
provided that improve display image quality by preventing
the storage capacitors of the substrates from being adversely
changed due to misalignment of the pixel electrodes thereof.
[0009] Inone exemplary embodiment, an LCD panel array
substrate includes a gate line, a data line, a thin film
transistor, a pixel electrode and a storage line. The gate line
is formed in a first direction. The data line is formed in a
second direction that crosses the first direction. The thin film
transistor is electrically connected to the gate line and the
data line. The pixel electrode is formed in a unit pixel area
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defined by the gate line and the data line and is electrically
connected to the thin film transistor.

[0010] The storage line includes a main storage line, a first
sub storage line and a second sub storage line. The main
storage line is formed in the second direction. The first sub
storage line is connected to the main storage line and extends
in the first direction. The first sub storage line overlaps a first
edge portion of the pixel electrode by a first length. The
second sub storage line is connected to the main storage line
and extends in the first direction. The first sub storage line
overlaps a second edge portion of the pixel electrode oppo-
site to the first edge portion thereof by the first length. For
example, the first sub storage line may extend in the first
direction by the first length, and the second sub storage line
may extend in the first direction by a second length that is
longer than the first length.

[0011] When the second sub storage line includes an
overlapping storage electrode that overlaps the second edge
portion of the pixel electrode by the first length, and a
non-overlapping storage electrode that is connected to the
overlapping storage electrode that does not overlap the
second edge portion of the pixel electrode, the overlapping
storage electrode may be offset, or curved from, the non-
overlapping storage electrode and toward the pixel elec-
trode, and in one alternative embodiment, a width of the
overlapping storage electrode may be wider than a width of
the non-overlapping storage electrode.

[0012] The pixel electrode may include a main pixel
electrode that does not overlap the second sub storage line,
and an overlapping electrode that extends from the main
pixel electrode toward the second sub storage line so as to
overlap the second sub storage line by the first length.

[0013] Inanother exemplary embodiment, an LCD display
panel includes an array substrate, a counter substrate facing
the array substrate, and a layer of a liquid crystal material
disposed between the array substrate and the counter sub-
strate.

[0014] The array substrate includes a gate line formed in
a first direction, a data line formed in a second direction
substantially perpendicular to the first direction, a thin film
transistor electrically connected to the gate line and the data
line, a pixel electrode that is formed in a unit pixel defined
by the gate line and the data line to have a substantially
rectangular shape and which is electrically connected to the
thin film transistor, and a storage line comprising a main
storage line formed in the second direction, a first sub
storage line that is connected to the main storage line and
that extends in the first direction, the first sub storage line
overlapping a first edge portion of the pixel electrode by a
first length, and a second sub storage line that is connected
to the main storage line and that extends in the first direction,
the first sub storage line overlapping a second edge portion
of the pixel electrode opposite to the first edge portion by the
first length.

[0015] In this exemplary embodiment, the length of the
overlap between the first sub storage line and the first edge
portion of the pixel electrode is substantially the same as the
length of the overlap between the second sub storage line
and the second edge portion of the pixel electrode so as to
prevent the storage capacitor associated with the pixel
electrode and storage line from varying due to a misalign-
ment of the pixel electrode, thereby improving the image
quality of the display panel.
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[0016] A better understanding of the above and many
other features and advantages of the novel LCD panel array
substrates of the present invention may be obtained from a
consideration of the detailed description of some exemplary
embodiments thereof below, particularly if such consider-
ation is made in conjunction with the appended drawings,
wherein like reference numerals are used to identify like
elements illustrated in one or more of the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a cutaway perspective view of an exem-
plary embodiment of an LCD display panel in accordance
with the present invention;

[0018] FIG. 2 is schematic partial plan view of a first
exemplary embodiment of an array substrate of the exem-
plary display panel of FIG. 1;

[0019] FIG. 3 is an enlarged partial plan view of a portion
of the exemplary array substrate of FIG. 2;

[0020] FIG. 4 is an enlarged plan view of the portion “A”
of the array substrate outlined by phantom lines in FIG. 3;
[0021] FIG. Sis a partial cross-sectional view of the array
substrate as seen along the lines of the section I-I' taken in
FIG. 4;

[0022] FIG. 6 is an enlarged partial plan view of a portion
of a second exemplary embodiment of a display panel array
substrate in accordance with the present invention;

[0023] FIG. 7 is a cross-sectional view of the second
exemplary array substrate as seen along the lines of the
section II-1I' taken in FIG. 6;

[0024] FIG. 8 is a cross-sectional view of the second
exemplary array substrate as seen along the lines of the
section 1I-I1I' taken in FIG. 6;

[0025] FIG.9 is an enlarged partial plan view of a portion
of a third exemplary embodiment of a display panel array
substrate in accordance with the present invention;

[0026] FIG. 10 is an enlarged partial plan view of a portion
of a fourth exemplary embodiment of a display panel array
substrate in accordance with the present invention; and,
[0027] FIG. 11 is an enlarged partial plan view of a portion
of a fifth exemplary embodiment of a display panel array
substrate in accordance with the present invention.

DETAILED DESCRIPTION
Embodiment 1
Display Panel

[0028] An exemplary embodiment of an LCD display
panel 400 in accordance with the present invention is
illustrated in the cutaway perspective view of FIG. 1. As
illustrated in FIG. 1, the display panel 400 includes an array
substrate 100, a counter substrate 200, and a layer of a liquid
crystal material 300 interposed between the two substrates.
As described above, the panel 400 is operable to display an
image on the upper or front surface of the panel using light
transmitted through the opposite lower or rear surface
thereof.

[0029] The array substrate 100 includes a plurality of pixel
electrodes arranged in a matrix form thereon, a plurality of
thin film transistors that apply driving voltages to respective
ones of the pixel electrodes, and a plurality of signal lines
electrically connected to respective ones of the thin film
transistors.
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[0030] The counter substrate 200 is disposed in a spaced,
facing opposition to the front side of the array substrate 100
and includes a transparent conductive common electrode
and color filters that face the pixel electrodes. The color
filters may include, for example, red, green, and blue (RGB)
color filters.

[0031] The liquid crystal layer 300 is disposed between
the array substrate 100 and the counter substrate 200, and is
acted upon by an electric field generated between the pixel
electrode and the common electrode such that the molecules
of the liquid crystal layer 300 are thereby controllably
rearranged. The rearranged molecules of the liquid crystal
layer 300 adjust the optical transmissivity of light passing
though the panel, and the light passes through the color
filters so as to display images.

[0032] FIG. 2 is schematic partial plan view of a first
exemplary embodiment of an array substrate 100 of the
exemplary LCD display panel of FIG. 1. As illustrated in
FIG. 2, the exemplary array substrate 100 includes a plu-
rality of gate lines 110, a plurality of data lines 120, and a
plurality of pixel electrode 130. The gate lines 110 are
formed to extend in a first direction, as indicated by the
arrows in FIG. 2, and the data lines 120 are formed to extend
in a second direction that is substantially perpendicular to
the first direction, as indicated by the arrows. In the par-
ticular exemplary embodiment of FIG. 2, nine gate lines
GL1-GL9 and seven data lines DL1-DL7 are shown for
purposes of illustration, but these numbers can, of course,
vary substantially.

[0033] The gate lines GL.1-GL9 are electrically connected
to a gate driving part (not illustrated) to receive gate signals,
and the data lines DL.1-DL7 are electrically connected to a
data driving part (not illustrated) to receive data signals. The
gate driving part includes a left gate driving part (not
illustrated) that is electrically connected to a left end portion
of the odd-numbered gate lines, GL1 . . . GL9, and a right
gate driving part (not illustrated) that is electrically con-
nected to a right end portion of even-numbered gate lines,
GL2 . . . GL8. Alternatively, the gate driving part may
comprise a single part electrically connected to an end
portion of all of the gate lines GL1-GL9.

[0034] As discussed above, the gate lines GL1-GL9 are
arranged substantially perpendicular to the data lines DL1-
DL7 so as to define a rectangular array of unit pixels on the
array substrate 100. Each pixel electrode 130 is formed in a
respective one of the unit pixels, and thus, a plurality of pixel
electrodes 130 is arranged in the form of a matrix on the
array substrate 100.

[0035] 1In one exemplary embodiment, each unit pixel has
a substantially rectangular shape, with a long side thereof
extending in the first direction, and accordingly, the associ-
ated pixel electrode 130 formed therein likewise has a long
side that extends in the first direction.

[0036] The gate lines GL1-GL9, the data lines DL1-DL7
and the pixel electrodes 130 are electrically interconnected
in the following manner. Each of the gate lines GL.1-GL9 is
electrically connected to all of the pixel electrodes 130 in a
corresponding one of the rows of pixels. In contrast, data
line DL1 of the data lines DL1-DL7, which is disposed
leftmost in FIG. 2, is electrically connected to the pixel
electrodes 130 of the odd numbered rows of pixels in the
first column of pixels, at the left side thereof, and data line
DL7, which is disposed rightmost in FIG. 2, is electrically
connected to the pixel electrodes 130 of the even numbered
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rows of pixels in the sixth column of pixels, at the right side
thereof. Each of the remaining data lines DL2 . . . DL6 is
electrically connected to the pixel electrodes 130 of the two
pixel columns on either side thereof in an analogous manner,
i.e., on the left side of the data lines, to pixel electrodes 130
in the even numbered pixel rows, and on the right side, to
pixel electrodes 130 in the odd numbered pixel rows, as
illustrated schematically in FIG. 2.

[0037] In one exemplary embodiment. data signals
adapted to effect “vertical inversion” of the panel may be
applied to the data lines DL1-DL7. Specifically, in one
frame, a data signal having a positive voltage is applied to
a selected data line, and a data signal having a negative
voltage is applied to the data line adjacent to the selected
data line. In the next frame, a data signal having a negative
voltage is applied to the selected data line, and a data signal
having a positive voltage is applied to the data line adjacent
to the selected data line.

[0038] FIG. 3 is an enlarged partial plan view of a portion
of the exemplary array substrate 100 of FIG. 2, FIG. 4 is an
enlarged plan view of the portion “A” of the array substrate
outlined by phantom lines in FIG. 3, and FIG. 5 is a partial
cross-sectional view of the array substrate as seen along the
lines of the section I-I' taken in FIG. 4.

[0039] As illustrated in FIGS. 3-5, the exemplary array
substrate 100 includes a first optically transparent substrate
140, a gate line 110, a gate insulation layer 150, a data line
120, a storage line 160, a thin film transistor TFT, a first
connection electrode 170, a second connection electrode
180, a protective layer 190 and a pixel electrode 130.

[0040] The first transparent substrate 140 has, for
example, a plate shape, and is comprised of an optically
transparent material. The gate line 110 is formed on the first
transparent substrate 140. The gate insulation layer 150 is
formed on the first transparent substrate 140 so as to cover
the gate line 130. The data line 120, the storage line 160, the
first connection electrode 170 and the second connection
electrode 180 are all formed on the gate insulation layer 150.

[0041] As illustrated in FIGS. 4 and 5, the thin film
transistor TFT includes a gate electrode “G”, a source
electrode “S”, a drain electrode “D”, an active layer “A” and
an ohmic contact layer “0”. The gate electrode G corre-
sponds to a part of the gate line 110, and the active layer A
is formed on the gate insulation layer 150 to correspond to
the gate electrode G. The source electrode S overlaps the
active layer A, and extends, for example, from the data line
120 to have an L-shape. The drain electrode D is spaced
apart from the source electrode S by a selected distance, and
partially overlaps the active layer A. As illustrated in FIG. 5,
the ohmic contact layer O is respectively formed between
the active layer A and the source electrode S, and between
the active layer A and the drain electrode D.

[0042] The protective layer 190 is formed on the gate
insulation layer 190 so as to cover the data line 120, the
storage line 160, the first connection electrode 170, the
second connection electrode 180 and the thin film transistor
TFT. First and second contact holes 192 and 194 are formed
through the protective layer 190 at locations respectively
corresponding to the first and second connection electrodes
170 and 180. The pixel electrode 130 is formed on the
protective layer 190, and is electrically connected to the first
and second connection electrodes 170 and 180 through the
first and second contact holes 192 and 194, respectively. As
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illustrated in the plan view of FIG. 3, the pixel electrode 130
may have a substantially rectangular shape.

[0043] As further illustrated in the plan view of FIG. 3, the
exemplary display panel 400 includes a plurality of gate
lines 110 extending in the first direction and a plurality of
orthogonal data lines 120 extending in the second direction.
Each of the pixel electrodes 130 is formed in a respective
one of the unit pixels, which are defined by adjacent pairs of
the gate lines 110 and the data lines 120.

[0044] For each pixel electrode 130, the associated gate
line 110 may be formed at either one of an upper portion and
a lower portion of the pixel electrode 130, and as illustrated
in FIG. 3, may be formed at the lower portion of the pixel
electrode 130. A data line 120 is formed at the left side and
the right side of the pixel electrode 130, with the left data
line 122 being formed at the left side of the pixel electrode
130 and the right data line 124 being formed at the right side
of the pixel electrode 130.

[0045] The first and second connection electrodes 170 and
180 are formed in each unit pixel. As illustrated in FIGS. 3
and 4, the first connection electrode 170 is formed rightward
and apart from the left data line 122, and the second
connection electrode 180 is formed leftward and apart from
the right data line 124. The first and connection electrodes
170 and 180 are thus formed at opposite end portions of the
unit pixels along the first direction thereof. The first and
second connection electrodes 170 and 180 may be bilaterally
symmetrical with respect to a virtual line passing through
the center of each unit pixel and extending in the second
direction.

[0046] A thin film transistor TFT is electrically connected
to each of'the first and second connection electrodes 170 and
180. In particular, a plurality of thin film transistors TFT is
formed on the substrate. Each of the thin film transistors TFT
corresponds to an associated one of the pixel electrodes 130,
which are arranged in a matrix shape. Each of the thin film
transistors TFT disposed in an odd-numbered row is elec-
trically connected to the left data line 122 and the first
connection electrode 170, and each of the thin film transis-
tors TFT disposed in an even numbered row is electrically
connected to the right data line 124 and the second connec-
tion electrode 180, as illustrated in FIG. 3. Optionally, the
first and second connection electrodes 170 and 180 that are
situated such that they are not electrically connected to a thin
film transistor TFT can be omitted.

[0047] As illustrated in FIG. 3, each storage line 160
includes a main storage line 162, a first sub storage line 164
and a second sub storage line 166. The main storage line 162
extends in the second direction, and may pass through the
center of each unit pixel in the column thereof.

[0048] The first sub storage line 164 is connected to the
main storage line 162 and extends in the first direction. The
first sub storage line 164 is arranged to overlap a first edge
portion of an adjacent pixel electrode 130 by a first length
L1. For example, the first sub storage line 164 may overlap
an upper edge portion of a lower pixel electrode 130 by the
first length 1.

[0049] In FIG. 3, the first sub storage line 164 extends in
the first direction by the first length L1. Thus, the length of
the overlap of the first sub storage line 164 and the pixel
electrode 130 is substantially the same as the length of the
first sub storage line 164. Alternatively, the length of the first
sub storage line 164 may be greater than the length of the
overlap of the first sub storage line 164 and the pixel
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electrode 130. In the particular exemplary embodiment of
FIG. 3, the first sub storage line 164 extends bilaterally from
the main storage line 162, i.e., away from opposite sides
thereof, and has a length equal to the first length L1.
[0050] The second sub storage line 166 is connected to the
main storage line 162 and also extends in the first direction.
The second sub storage line 166 overlaps a second edge
portion opposite to the first edge portion of the pixel
electrode 130 by the first length L1. For example, the second
sub storage line 166 is formed in each unit pixel to be
opposite to the first sub storage line 164, and to overlap the
pixel electrode 130 by substantially the same length as the
overlap between the first sub storage line 164 and the pixel
electrode 130.

[0051] Inthe exemplary embodiment of FIG. 3, the second
sub storage line 166 extends in the first direction by a second
length L2, which is longer than the first length L1. For
example, the second sub storage line 166 has a length
corresponding to the second edge portion of the pixel
electrode 130. Thus, when a second sub storage line 166
formed between the pixel electrode 130 and the gate line 110
located below the pixel electrode 130 receives a reference
voltage, it serves to prevent the gate signal on the gate line
110 from adversely affecting the driving voltage that is
charged in the pixel electrode 130. As illustrated in FIG. 3,
the second sub storage line 166 may extend bilaterally away
from the main storage line 162, i.e., away from opposite
sides thereof, and have a total length equal to the second
length [.2.

[0052] As further illustrated in FIG. 3, the second sub
storage line 166 may include an overlapping storage elec-
trode 166¢ that overlaps the second edge portion of the
associated pixel electrode 130 by the first length L1, and a
non-overlapping storage electrode 1664 that is connected to
the overlapping storage electrode 166a and that does not
overlap the second edge portion of the associated pixel
electrode 130. For example, as illustrated in FIG. 3, the
second sub storage line 166 may have a shape such that the
overlapping storage electrode 1664 is curved away from the
non-overlapping storage electrode 1665 and toward the pixel
electrode 130.

[0053] As illustrated in FIG. 5, the counter substrate 200
facing the array substrate 100 includes a second transparent
substrate 210, a light-blocking layer 220, a plurality of color
filters 230 and a common electrode 240. The second trans-
parent substrate 210, for example, may be comprised of an
optically transparent material and have a plate shape that is
substantially the same as that of the first transparent sub-
strate 140.

[0054] The light-blocking layer 220 is formed on the
second transparent substrate 210 so as to face the array
substrate 100. The light-blocking layer 220 may be formed
on the second transparent substrate 210, for example, so as
to cover the gate line 110, the data line 120, the thin film
transistor TFT, the first connection electrode 170 and the
second connection electrode 180.

[0055] The color filters 230 are formed on the second
transparent substrate 210 so as to correspond to respective
ones of the pixel electrodes 130. The color filters 230 may
be formed so as to cover the light-blocking layer 220.
[0056] The common electrode 240 may be formed over
substantially the entire surface of the color filters 230. The
common electrode 240 may include a transparent conductive
material that is substantially the same as the pixel electrode
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130. Optionally, a planarizing layer (not illustrated) may be
formed between the color filter 230 and the common elec-
trode 240.

[0057] In the above exemplary embodiment, the length of
the overlap between the first sub storage line 164 and the
first edge portion of the pixel electrode 130 is substantially
the same as the length of the overlap between the second sub
storage line 166 and the second edge portion of the pixel
electrode 130. Thus, although the pixel electrode 130 may be
formed such that it is misaligned upwardly or downwardly
with respect to the gate line 110, the area of the overlap
between the storage line 160 and the pixel electrode 130
remains substantially constant, i.e., does not change. There-
fore, the functional characteristics of the storage capacitor
that is defined between the storage line 160 and the pixel
electrode 130 also remain constant, even though the pixel
electrode 130 may be slightly misaligned relative to the
storage line 160.

Embodiment 2
Display Panel

[0058] FIG. 6 is an enlarged partial plan view of a portion
of a second exemplary embodiment of a display panel array
substrate 100 in accordance with the present invention. The
second embodiment is substantially similar to the first
exemplary embodiment described above, except for certain
parts of the array substrate 100. Accordingly, the parts that
are the same or substantially similar are represented by the
same reference numerals and referred to by the same names,
and further detailed description of these is omitted below for
brevity.

[0059] Referring to FIGS. 2 and 6, the second exemplary
array substrate 100 includes a gate line 110, a data line 120,
a pixel electrode 130, a first connection electrode 170, a
second connection electrode 180, a thin film transistor TFT
and a storage line 160.

[0060] A plurality of gate lines 110 is formed on the
substrate to extend in a first direction. A plurality of data
lines 120 is formed to extend in a second direction substan-
tially perpendicular to the first direction. The gate lines 110
and the data lines 120 cross each other to define a plurality
of unit pixels, and each of a plurality of pixel electrodes 130
is formed in a respective one of the unit pixels. Each unit
pixel may have, for example, a substantially rectangular
shape, with long sides that extend in the first direction, as
illustrated in FIG. 6.

[0061] As illustrated in FIG. 6, a domain-division portion
132 is formed in each pixel electrode 130 so as to divide
each unit pixel into a plurality of domains. In FIG. 6, the
domain-division portion 132 corresponds to an opening that
is formed by partially removing the pixel electrode 130.
Alternatively, the domain-division portion 132 may corre-
spond to a protrusion that is formed on the pixel electrode
130.

[0062] A left data line 122 is formed at a left side of the
pixel electrode 130, and a right data line 124 is formed at a
right side of the pixel electrode 130. The left and right data
lines 122 and 124 are alternately curved to the left and right
sides in the second direction, and have, for example, a
curvilinear, U-shaped form, as illustrated in FIG. 6.

[0063] The first and second connection electrodes 170 and
180 are formed in each unit pixel. The first connection
electrode 170 is formed rightward and apart from the left
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data line 122, and is electrically connected to the associated
pixel electrode 130 through a first contact hole 192. The
second connection electrode 180 is formed leftward and
apart from the right data line 124, and is electrically con-
nected to the associated pixel electrode 130 through a
second contact hole 194. The first and second connection
electrodes 170 and 180 may be bilaterally symmetrical with
respect to a virtual line passing through the center of the
pixel electrode 130 and extending in the second direction.

[0064] More specifically, the first connection electrode
170 includes a first contact portion 172 that is electrically
connected to the associated pixel electrode 130 through the
first contact hole 192, and a first extension portion 174 that
extends from the first contact portion 172 in the second
direction. The second connection electrode 180 includes a
second contact portion 182 that is electrically connected to
the associated pixel electrode 130 through the second con-
tact hole 194, and a second extension portion 184 that
extends from the second contact portion 182 in the second
direction.

[0065] The thin film transistor TFT includes a gate elec-
trode G, an active layer A, a source electrode S, a drain
electrode D and an ohmic contact layer (not illustrated). The
gate electrode G corresponds to a part of the gate line 110,
and the active layer A is formed over the gate electrode G.
The source electrode S corresponds to a U-shaped curved
portion of either the left data line 122 or the right data line
124 and partially overlaps the active layer A. The drain
electrode D is formed between the source electrode S of the
U-shape, and partially overlaps the active layer A. The
ohmic contact layer (not illustrated) is respectively formed
between the active layer A and the source electrode S, and
between the active layer A and the drain electrode D.

[0066] A plurality of thin film transistors TFT is formed
that correspond respectively to the pixel electrodes 130.
Fach drain electrode D of the thin film transistors TFT that
are disposed in odd numbered rows and each drain electrode
D of the thin film transistors TFT that are disposed in even
numbered rows are formed on one virtual line that is
substantially parallel with the second direction, and may be
formed on the longitudinal line of the data line 120.

[0067] Each drain electrode D of the thin film transistors
TFT is electrically connected to one of the first and second
connection electrodes 170 and 180 that are formed in the
same unit pixel. In particular, each of the thin film transistors
TFT disposed in the odd numbered rows is electrically
connected to the first connection electrode 170 disposed in
the odd numbered rows, and each of the thin film transistors
TFT disposed in the even numbered rows is electrically
connected to the second connection electrode 180 disposed
in the even numbered rows.

[0068] FIG. 7 is a cross-sectional view of the second
exemplary array substrate as seen along the lines of the
section II-II' taken in FIG. 6, and FIG. 8 is a cross-sectional
view of the second exemplary array substrate as seen along
the lines of the section II-I1I' taken in FIG. 6.

[0069] Referring to FIGS. 6, 7 and 8, the array substrate
includes a storage line 160a to which reference voltage is
externally applied, and the storage line 160 includes a main
storage line 162, a first sub storage line 164 and a second sub
storage line 166.
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[0070] The main storage line 162 extends in the second
direction, and may pass through the center of each of the umt
pixels of a pixel column so as to overlap the pixel electrodes
130 thereof.

[0071] The first sub storage line 164 is connected to the
main storage line 162 and extends in the first direction by a
first length 1. The first sub storage line 164 overlaps a first
edge portion of the pixel electrode 130 by the first length L.1.
Thus, the length of the overlap between the first sub storage
line 164 and the pixel electrode 130 is substantially the same
as the length of the first sub storage line 164. Alternatively,
the length of the first sub storage line 164 may be greater
than the length of the overlap of the first sub storage line 164
and the pixel electrode 130. As illustrated in FIG. 6, the first
sub storage line 164 may extend out from opposite sides of
the main storage line 162, and have an overall length equal
to the first length L1.

[0072] The second sub storage line 166 is connected to the
main storage line 162 and extends in the first direction by a
second length [.2 that is longer than the first length 1. For
example, the second sub storage line 166 may have a length
corresponding to a second edge portion of the pixel elec-
trode 130. The second sub storage line 166 may extend away
from opposite sides of the main storage line 162 and have a
length equal to the second length [.2, as illustrated in FIG.
6. The second sub storage line 166 overlaps the second edge
portion of the pixel electrode 130 opposite to the first edge
portion thereof by the first length L1. For example, the
second sub storage line 166 may overlap the pixel electrode
130 by substantially the same length as the length of the
overlap between the first sub storage line 164 and the pixel
electrode 130.

[0073] More particularly, the second sub storage line 166
includes an overlapping storage electrode 1664 that overlaps
the second edge portion of the pixel electrode 130 and a
non-overlapping storage electrode 1665 that is connected to
the overlapping storage electrode 166a and is arranged such
that it does not overlap the second edge portion of the pixel
electrode 130.

[0074] For example, the second sub storage line 166 may
be shaped such that the overlapping storage electrode 1664
curves away from the non-overlapping storage electrode
1660 and toward the pixel electrode 130. The overlapping
storage electrode 166a thus overlaps the second edge portion
of the pixel electrode 130 by the first length L1. The
non-overlapping storage electrode 1665 is disposed between
the pixel electrode 130 and the associated gate line 110 when
viewed in a plan view.

[0075] The second sub storage line 166 may be bilaterally
symmetrical with respect to a virtual line passing through
the center of each unit pixel of a column thereof and
extending in the second direction. The storage line 160 may
also be bilaterally symmetrical with respect to that line.

[0076] In accordance with the second exemplary embodi-
ment above, the length of the overlap between the first sub
storage line 164 and the first edge portion of the pixel
electrode 130 is substantially the same as the length of the
overlap between the second sub storage line 166 and the
second edge portion of the pixel electrode 130. Therefore,
although the pixel electrode 130 may be misaligned either
upwardly or downwardly with respect to the gate line 110,
the area of overlap between the storage line 160 and the
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pixel electrode 130 will remain constant, i.e., unchanging,
regardless of any such misalignment of the pixel electrode.

Embodiment 3
Display Parnel

[0077] FIG.9 is an enlarged partial plan view of a portion
of a third exemplary embodiment of a display panel array
substrate in accordance with the present invention. The third
exemplary array substrate is substantially similar to the
second exemplary embodiment above, except for the storage
lines thereof. Accordingly, in the description below, parts
that are the same or substantially similar to those of the
second embodiment are represented by the same reference
numerals and referred to by the same names and further
detailed description of these is omitted.

[0078] Referring to FIG. 9, the third exemplary array
substrate includes a storage line 160a to which a reference
voltage is externally applied, and the storage line 160
includes a main storage line 162, a first sub storage line 164
and a second sub storage line 166. The main storage line 162
extends in the second direction, and may pass through the
center of each unit pixel in a pixel column so as to overlap
the pixel electrodes 130 thereof.

[0079] The first sub storage line 164 is connected to the
main storage line 162 and extends in the first direction by a
first length L.1. The first sub storage line 164 overlaps a first
edge portion of the pixel electrode 130 by the first length 1.
Thus, as illustrated in FIG. 9, the first sub storage line 164
may extend away from opposite sides of the main storage
line 162 in the first direction and have a length equal to the
first length L1.

[0080] The second sub storage line 166 is connected to the
main storage line 162 and extends in the first direction by a
second length [.2 that is longer than the first length 1. For
example, the second sub storage line 166 may have a length
corresponding to a second edge portion of the pixel elec-
trode 130 opposite to the first edge portion thereof. Thus, as
illustrated in FIG. 9, the second sub storage line 166 may
extend out from opposite sides of the main storage line 162
in the first direction and have a length that is equal to the
second length L.2.

[0081] As further illustrated in FIG. 9, the second sub
storage line 166 overlaps the second edge portion of the
pixel electrode 130 by the first length L1. For example, the
second sub storage line 166 may overlap the pixel electrode
130 by substantially the same length as the length of overlap
between the first sub storage line 164 and the first edge
portion of the pixel electrode 130.

[0082] More particularly, the second sub storage line 166
includes an overlapping storage electrode 1664 that overlaps
the second edge portion of the pixel electrode 130 and a
non-overlapping storage electrode 1665 that is connected to
the overlapping storage electrode 1664, and that does not
overlap the second edge portion of the pixel electrode 130.
As illustrated in FIG. 9, the non-overlapping storage elec-
trode 1665 is disposed between the pixel electrode 130 and
the gate line 110 when viewed in a plan view.

[0083] The overlapping storage electrode 1664 has a width
that is wider than that of the non-overlapping storage
electrode 1665. In one particular exemplary embodiment,
the width of the non-overlapping storage electrode 1665 is
in a range of from about 3 pm to about 4 pm, whereas, the
width of the overlapping storage electrode 166a 1s in a range
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of from about 5 pm to about 7 um (where 1 um=1x10"°
meters). Since the width of the overlapping storage electrode
166a is greater than that of the non-overlapping storage
electrode 1665, the overlapping storage electrode 1664
overlaps the second edge portion of the pixel electrode 130
by the first length L1.

[0084] In an alternative embodiment (not illustrated), the
storage line 160 may be shaped such that the overlapping
storage electrode 1664 curves away from the non-overlap-
ping storage electrode 1665 and toward the pixel electrode
130.

[0085] In the particular exemplary embodiment illustrated
in FIG. 9, the second sub storage line 166 is bilaterally
symmetrical with respect to a virtual line passing through
the center of each unit pixel of the column thereof and
extending in the second direction. The storage line 160 may
also be bilaterally symmetrical with respect to that same
line.

[0086] In accordance with the third exemplary embodi-
ment described above, the overlapping storage electrode
1664 has a width greater than that of the non-overlapping
storage electrode 1664, and overlaps the second edge por-
tion of the pixel electrode 130 by the first length L1. Thus,
although the pixel electrode 130 may be slightly misaligned
either upwardly or downwardly with respect to the gate line
110 during the fabrication thereof, the area of overlap
between the storage line 160 and the pixel electrode 130
remains substantially constant, regardless of any such mis-
alignment of the pixel electrode 130.

Embodiment 4
Display Panel

[0087] FIG. 10 is an enlarged partial plan view of a portion
of a fourth exemplary embodiment of a display panel array
substrate in accordance with the present invention. The
fourth exemplary array substrate is substantially similar to
the second exemplary embodiment above, except for the
storage lines and pixel electrodes thereof. Accordingly, in
the description below, the parts that are the same or sub-
stantially similar to those of the second embodiment above
are represented by the same reference numerals and are
referred to by the same names and further detailed descrip-
tion thereof is omitted.

[0088] Referring to FIG. 10, the fourth exemplary embodi-
ment includes a storage line 160 to which a reference voltage
is externally applied, and the storage line 160 includes a
main storage line 162, a first sub storage line 164 and a
second sub storage line 166. The main storage line 162
extends in the second direction, and may pass through the
center of each unit pixel of a pixel column to overlap the
pixel electrodes 130 thereof.

[0089] The first sub storage line 164 is connected to the
main storage line 162 and extends for a first length L1 in the
first direction. The first sub storage line 164 is arranged to
overlap a first edge portion of the pixel electrode 130 by the
first length 1. As illustrated in FIG. 10, the first sub storage
line 164 may extend outwardly from opposite sides of the
main storage line 162 and have an overall length that is equal
to the first length L1.

[0090] The second sub storage line 166 is connected to the
main storage line 162 and extends in the first direction for a
second length L2 that is longer than the first length L1. For
example, the second sub storage line 166 has a length
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corresponding to the second edge portion of the pixel
electrode 130. As illustrated in FIG. 10, the second sub
storage line 166 may extend from opposite sides of the main
storage line 162 and have an overall length that is equal to
the second length T.2.

[0091] As illustrated in FIG. 10, the second sub storage
line 166 is arranged to overlap a second edge portion
opposite to the first edge portion of the pixel electrode 130
by the first length 1. For example, the second sub storage
line 166 may overlap the pixel electrode 130 by substantially
the same length as the length of overlap between the first sub
storage line 164 and the pixel electrode 130.

[0092] The second sub storage line 166 may be bilaterally
symmetrical with respect to a virtual line passing through a
center of each unit pixel and extending in the second
direction. The storage line 160 may also be bilaterally
symmetrical with respect to that same line.

[0093] Each of the pixel electrodes 130 is disposed in a
respective one of the unit pixels, and includes a main pixel
electrode 130q and an overlapping electrode 1305,

[0094] The main pixel electrode 130a corresponds to a
larger portion of the pixel electrode 130 and is arranged such
that it does not overlap the second sub storage line 166. The
main pixel electrode 130a has, for example, a substantially
rectangular shape, with a long side aligned in the first
direction when viewed in plan view.

[0095] The overlapping electrode 1305 extends down
from the main pixel electrode 130a and toward the second
sub storage line 166 so as to overlap the second sub storage
line 166 by the first length L1.

[0096] A domain-division portion 132 is formed in each
pixel electrode 130 so as to divide each unit pixel into a
plurality of domains. In FIG. 10, the domain-division por-
tion 132 corresponds to an opening that is formed by
partially removing the pixel electrode 130, but in one
possible alternative embodiment, the domain-division por-
tion 132 may correspond to a protrusion formed on the pixel
electrode 130.

[0097] In accordance with the fourth exemplary embodi-
ment described above, the pixel electrode 130 includes an
overlapping electrode 1305 that overlaps the second sub
storage line 166 by the first length L1. Thus, although the
pixel electrode 130 may be misaligned either upwardly or
downwardly with respect to the gate line 110 during its
fabrication, the area of overlap between the storage line 160
and the pixel electrode 130 remains substantially constant,
regardless of any such misalignment of the pixel electrode
130.

Embodiment 5
Display Panel

[0098] FIG. 11 is an enlarged partial plan view of a portion
of a fifth exemplary embodiment of a display panel array
substrate in accordance with the present invention. The fifth
exemplary array substrate is substantially similar to the
second exemplary embodiment above, except for the storage
lines thereof. Accordingly, in the following description,
parts that are the same or substantially similar to those of the
second embodiment are represented by the same reference
numerals and are referred to by the same names and further
detailed description thereof is omitted.

[0099] Referring to FIG. 11, the fifth exemplary array
substrate includes a storage line 160 to which a reference
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voltage is externally applied, and the storage line 160
includes a main storage line 162, a first sub storage line 164
and a second sub storage line 166. The main storage line 162
extends in the second direction, and may pass through the
center of each unit pixel in a column thereof so as to overlap
the pixel electrodes 130 thereof.

[0100] The first sub storage line 164 is connected to the
main storage line 162 and extends in the first direction by a
first length L1. The first sub storage line 164 is arranged to
overlap a first edge portion of the pixel electrode 130 by the
first length L1. As illustrated in FIG. 11, the first sub storage
line 164 may extend out from opposite sides of the main
storage line 162 and have an overall length equal to the first
length L1.

[0101] The second sub storage line 166 is connected to the
main storage line 162 and extends in the first direction by a
second length L2 that is longer than the first length L1. For
example, the second sub storage line 166 may have a length
corresponding to a second edge portion of the pixel elec-
trode 130 opposite to the first edge portion thereof. As
illustrated in FIG. 11, the second sub storage line 166 may
extend out from opposite sides of the main storage line 162
and have an overall length equal to the second length L.2.
[0102] The second sub storage line 166 includes an over-
lapping storage electrode 1664 that overlaps the second edge
portion of the pixel electrode 130 by the first length 11 and
a non-overlapping storage electrode 1665 that is connected
to the overlapping storage electrode 166a and that does not
overlap the second edge portion of the pixel electrode 130.
As illustrated in FIG. 11, the non-overlapping storage elec-
trode 1665 is disposed between the pixel electrode 130 and
the associated gate line 110 when viewed in plan view.
[0103] As illustrated in FIG. 11, the overlapping storage
electrode 166a has a shape that curves upward from the
non-overlapping storage electrode 1665 and toward the pixel
electrode 130. The second sub storage line 166 may be
bilaterally symmetrical with respect to a virtual line passing
through a center of each unit pixel of a column thereof and
extending in the second direction. The storage line 160 may
also be bilaterally symmetrical with respect that same line.
[0104] Each pixel electrode 130 is disposed in a respective
one of the unit pixels, and includes a main pixel electrode
130a and an overlapping electrode 1305.

[0105] The main pixel electrode 130a corresponds to a
larger portion of the pixel electrode 130, and does not
overlap the second sub storage line 166. The main pixel
electrode 130a has, for example, a substantially rectangular
shape with long sides that extend in the first direction when
viewed in plan view.

[0106] The overlapping electrode 1305 extends down
from the main pixel electrode 1304 and toward the second
sub storage line 166 so as to overlap the second sub storage
line 166 by the first length L1. For example, the overlapping
electrode 1305 may overlap the overlapping storage elec-
trode 1664 of the second sub storage line 166 by the first
length [1.

[0107] A domain-division portion 132 is formed in each
pixel electrode 130 so as to divide each unit pixel into a
plurality of domains. In FIG. 11, the domain-division por-
tion 132 corresponds to an opening that is formed by
partially removing the pixel electrode 130, but in an alter-
native embodiment, the domain-division portion 132 may
correspond to a protrusion formed on the pixel electrode
130.



US 2008/0001877 A1l

[0108] In accordance with the fifth exemplary embodi-
ment described above, the overlapping storage electrode
1664 is curved toward the pixel electrode 130, and the pixel
electrode 130 includes the overlapping electrode 130a that
protrudes down toward the second sub storage line 166.
Thus, although the pixel electrode 130 may be misaligned
upwardly or downwardly with respect to the gate line 110
during fabrication thereof, the area of overlap between the
storage line 160 and the pixel electrode 130, and hence, the
storage capacitance defined thereby, remains constant,
regardless of such misalignment of the pixel electrode 130.
[0109] According to the several exemplary embodiments
disclosed herein, the length of overlap between the first sub
storage line and the first edge portion of the pixel electrode
is substantially the same as the length of overlap between the
second sub storage line and the second edge portion of the
pixel electrode. Thus, although the pixel electrode may be
slightly misaligned either upwardly or downwardly with
respect to the gate line during fabrication thereof, the storage
capacitor defined by the area of overlap between the storage
line and the pixel electrode remains substantially constant,
regardless of such pixel electrode misalignment. Since the
storage capacitor is substantially unaffected by pixel elec-
trode misalignment, the kickback voltage provided by the
storage capacitor remains substantially invariant, thereby
improving the image quality of the display panel.

[0110] As those of skill in this art will by now appreciate,
many modifications, substitutions and variations can be
made in and to the materials, methods and configurations of
the LCD panel array substrates of the present invention
without departing from its spirit and scope. In light of this,
the scope of the present invention should not be limited to
that of the particular embodiments illustrated and described
herein, as they are only by way of examples thereof, but
instead, should be fully commensurate with that of the
claims appended hereafter and their functional equivalents.

What is claimed is:

1. An array substrate, comprising:

a gate line formed in a first direction;

a data line formed in a second direction that crosses the

first direction;

athin film transistor electrically connected to the gate line

and the data line;

apixel electrode formed in a unit pixel defined by the gate

line and the data line and electrically connected to the

thin film transistor; and,

a storage line, comprising:

a main storage line formed in the second direction;

a first sub storage line that is connected to the main
storage line and that extends in the first direction, the
first sub storage line overlapping a first edge portion
of the pixel electrode by a first length; and,

a second sub storage line that is connected to the main
storage line and that extends in the first direction, the
first sub storage line overlapping a second edge
portion of the pixel electrode opposite to the first
edge portion thereof by the first length.

2. The array substrate of claim 1, wherein the first sub
storage line extends in the first direction by the first length,
and the second sub storage line extends in the first direction
by a second length that is longer than the first length.

3. The array substrate of claim 2, wherein the second sub
storage line has a length corresponding to the second edge
portion of the pixel electrode.
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4. The array substrate of claim 1, wherein the second sub
storage line comprises:

an overlapping storage electrode that overlaps the second
edge portion of the pixel electrode by the first length;
and,

a non-overlapping storage electrode that is connected to
the overlapping storage electrode and that does not
overlap the second edge portion of the pixel electrode.

5. The array substrate of claim 4, wherein the overlapping
storage electrode is curved away from the non-overlapping
storage electrode and toward the pixel electrode.

6. The array substrate of claim 4, wherein a width of the
overlapping storage electrode is wider than a width of the
non-overlapping storage electrode.

7. The array substrate of claim 6, wherein the width of the
non-overlapping storage electrode is in a range of from
about 3 pm to about 4 um.

8. The array substrate of claim 6, wherein the width of the
overlapping storage electrode is in a range of from about 5
um to about 7 pm.

9. The array substrate of claim 1, wherein the pixel
electrode comprises:

a main pixel electrode that does not overlap the second
sub storage line; and,

an overlapping electrode that extends from the main pixel
electrode and toward the second sub storage line so as
to overlap the second sub storage line by the first
length.

10. The array substrate of claim 9, wherein the second sub
storage line comprises:

an overlapping storage electrode that overlaps the over-
lapping electrode by the first length; and,

a non-overlapping storage electrode that is connected to
the overlapping storage electrode and that does not
overlap the main pixel electrode.

11. The array substrate of claim 10, wherein the overlap-
ping storage electrode is curved away from the non-over-
lapping storage electrode and toward the pixel electrode.

12. The array substrate of claim 11, wherein a width of the
overlapping storage electrode is wider than a width of the
non-overlapping storage electrode.

13. The array substrate of claim 1, wherein the main
storage line passes through the center of the unit pixel.

14. The array substrate of claim 13, wherein the first and
second sub storage lines extend out from opposite sides of
the main storage line.

15. The array substrate of claim 14, wherein the storage
line is bilaterally symmetrical with respect to a virtual line
passing through the center of the unit pixel and extending in
the second direction.

16. The array substrate of claim 1, wherein the storage
line and the data line are formed in the same layer.

17. The array substrate of claim 1, wherein the second
direction is substantially perpendicular to the first direction,
and wherein the unit pixel has a substantially rectangular
shape, with a long side thereof disposed in the first direction

18. The array substrate of claim 17, further comprising
first and second connection electrodes formed in a same
layer as the data line and at opposite end portions of the unit
pixel so as to overlap the pixel electrode.
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19. The array substrate of claim 18, further comprising:

a protective layer respectively disposed between the first
connection electrode and the pixel electrode, and
between the second connection electrode and the pixel
electrode,

wherein a first contact hole is formed through the protec-

tive layer to electrically connect the first connection
electrode to the pixel electrode, and a second contact
hole is formed through the protective layer to electri-
cally connect the second connection electrode to the
pixel electrode

20. The array substrate of claim 19, wherein a drain
electrode of the thin film transistor is electrically connected
to one of the first and the second connection electrodes.

21. The array substrate of claim 20, further comprising:

a plurality of pixel electrodes arranged in a matrix shape,

a plurality of first and second connection electrodes
corresponding to the pixel electrodes, and a plurality of
thin film transistors corresponding to the pixel elec-
trodes,

wherein drain electrodes of the thin film transistors dis-

posed in odd numbered rows of the matrix are electri-
cally connected to the first connection electrodes dis-
posed in the odd numbered rows thereof, and drain
electrodes of the thin film transistors disposed in even
numbered rows of the matrix are electrically connected
to the second connection electrodes disposed in the
even numbered rows thereof.

22. The array substrate of claim 21, wherein the drain
electrodes of the thin film transistors disposed in odd num-
bered rows of the matrix and the drain electrodes of the thin
film transistors disposed in the even numbered rows of the
matrix are formed on a longitudinal line of the data line.

23. A display panel, comprising:

an array substrate comprising:
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a gate line formed in a first direction;

a data line formed in a second direction substantially
perpendicular to the first direction;

a thin film transistor electrically connected to the gate
line and the data line;

a pixel electrode that is formed in a unit pixel defined
by the gate line and the data line to have a substan-
tially rectangular shape and that is electrically con-
nected to the thin film transistor; and,

a storage line, comprising a main storage line formed in
the second direction, a first sub storage line that is
connected to the main storage line and that extends
in the first direction, the first sub storage line over-
lapping a first edge portion of the pixel electrode by
a first length, and a second sub storage line that is
connected to the main storage line and that extends
in the first direction, the first sub storage line over-
lapping a second edge portion opposite to the first
edge portion of the pixel electrode by the first length;

a counter substrate facing the array substrate; and,

a liquid crystal layer disposed between the array substrate

and the counter substrate.

24. The display panel of claim 23, wherein the first sub
storage line extends in the first direction for the first length,
the second sub storage line extends in the first direction for
a second length, and the second length is longer than the first
length.

25. The display panel of claim 23, wherein the counter
substrate comprises:

a light-blocking layer covering the first and second sub

storage line;

a color filter covering the light-blocking layer; and,

a common electrode formed on the color filter.
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https://share-analytics.zhihuiya.com/view/6e5a7a3b-7da7-4383-be65-06071cf8e89d
https://worldwide.espacenet.com/patent/search/family/038566158/publication/US2008001877A1?q=US2008001877A1
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=%2220080001877%22.PGNR.&OS=DN/20080001877&RS=DN/20080001877

