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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of U.S. patent
application Ser. No. 12/152,619, filed May 14, 2008, which
application claims priority to and the benefit of Korean Patent
Application No. 10-2007-0076195 filed in the Korean Intel-
lectual Property Office on Jul. 30, 2007, the entire contents of
which applications are hereby incorporated herein by their
references.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display includes a common elec-
trode panel having a common electrode, and a thin film tran-
sistor array panel having a thin film transistor array. The
common electrode panel and the thin film transistor array
panel face to each other and are combined to each other by a
seal line formed between the two panels, and a liquid crystal
layer is formed in the space therebetween. This liquid crystal
display including the two panels is provided with field-gen-
erating electrodes, and the liquid crystal layer interposed
therebetween, and displays images by applying voltages to
the field-generating electrodes to generate an electric field in
the liquid crystal layer that determines the orientations of
liquid crystal molecules therein to control the amount of
transmitted light.

[0006] Because the liquid crystal display is a non-emissive
device, a backlight unit for providing the light on the rear of
the thin film transistor array panel is provided. On the other
hand, a reflector may be disposed on the thin film transistors
for using light that is incident from the outside on the thin film
transistor panel. The amount of transmittance of light that is
irradiated by a backlight or incident from the outside is con-
trolled according to the arrangement of the liquid crystal
molecules.

[0007] The thin film transistor array panel includes a plu-
rality of gate lines, data lines, and pixel electrodes. The gate
lines extend in the row direction and transmit gate signals, and
the data lines extend in the column direction and transmit data
signals. The pixels are connected to the gate lines and the data
lines, and to a plurality of switching elements and storage
capacitors.

[0008] Here, the switching elements are disposed at por-
tions where the gate lines and the data lines intersect each
other, and each switching element is a three terminal element
including a control terminal connected to a gate line, an input
terminal connected to a data line, and an output terminal
connected to a pixel electrode. The output terminal of each
switching element is connected to the storage capacitor and
the liquid crystal capacitor.

[0009] In the case of the general liquid crystal display, the
pixel electrodes are disposed on the data lines to improve the
aperture ratio, and a low dielectric organic layer is formed
between the pixel electrodes and the data lines to reduce
parasitic capacitance generated therebetween.

[0010] However, there is a limitation in reducing the para-
sitic capacitance by using the low dielectric organic layer.
Particularly, because the liquid crystal display is adjusted to
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line inversion driving or dot inversion driving, opposite volt-
ages are applied to neighboring pixel electrodes. Accord-
ingly, when the data lines are disposed under the pixel elec-
trodes to improve the aperture ratio, if a difference between
the potential of pixel electrodes disposed on both sides of a
data line and the voltage applied to the data line is increased,
the parasitic capacitance generated by the coupling effect
between the data line and the pixel electrodes is particularly
increased. Typically, a greenish phenomenon occurs. This is a
defect in which the gamma values of the yellow colors are
decreased when the yellow-based color is displayed on the
entire screen such that green colors appear. This depends on
differences between the voltage applied to the data line and
the substantial pixel voltage due to the increase of aload of the
data line according to the parasitic capacitance.

[0011] Furthermore, a black matrix is disposed on the com-
mon electrode panel corresponding to the data lines to prevent
light leakage generated at the edge of the data lines. Light
emitted from a backlight disposed under the thin film transis-
tor array panel is incident to the data lines with diverse angles
and is reflected by the data lines at a large angle such that the
light leakage is generated. To prevent the light leakage, it is
necessary to increase the area of the black matrix. However, if
the area of the black matrix is increased, the aperture ratio of
the liquid crystal display is decreased and the light leakage is
reduced, but the luminance of the liquid crystal display is
reduced.

[0012] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

[0013] The technical object of the present invention is to
provide a liquid crystal display in which light leakage is
prevented, as well as to increase the aperture ratio and to
reduce loads of the data lines and the data driving ICs, by
forming a blocking electrode on the edges of the data lines to
reduce parasitic capacitance generated by the coupling effect
between the data lines and the pixel electrodes.

[0014] Technical objects of the present invention are lim-
ited by the above described technical object, and the technical
objects that are described will be clearly comprehended by a
person of ordinary skill in the art.

[0015] A liquid crystal display according to an exemplary
embodiment of the present invention includes a gate line and
a storage electrode line formed on a insulating substrate and
apart from each other, a first data line and a second data line
intersecting the gate line, a first pixel electrode defined by the
gate line and the first data line, and a second pixel electrode
defined by the gate line and the second data line and neigh-
boring the first pixel electrode. Also, a blocking electrode
between the first pixel electrode and the second pixel elec-
trode is included, wherein at least a portion of the first data
line is disposed under the first pixel electrode and at least a
portion of the blocking electrode is disposed under the second
pixel electrode and apart from the first data line.

[0016] A liquid crystal display according to an exemplary
embodiment of the present invention includes a gate line
formed on a substrate, a storage electrode line formed on the
substrate and separated from the gate line, a first data line and
a second data line insulated from the gate line and the storage
electrode line and intersecting the gate line, a first pixel elec-
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trode disposed in a region defined by the gate line and the first
data line, a first thin film transistor connected to the gate line,
the data line, and the first pixel electrode, a second pixel
electrode disposed in a region defined by the gate line and the
second data line and neighboring the first pixel electrode, a
color filter formed on the insulating substrate, a light blocking
member formed on the first thin film transistor, and a blocking
electrode formed between the first pixel electrode and the
second pixel electrode neighboring the first pixel electrode,
wherein at least a portion of the first data line is disposed
under the first pixel electrode and at least a portion of the
blocking electrode is disposed under the second pixel elec-
trode and apart from the data line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0018] FIG. 2 is alayout view of a thin film transistor array
panel according to an exemplary embodiment of the present
invention.

[0019] FIG. 3A is a capacitance circuit diagram of a thin
film transistor array panel according to an exemplary embodi-
ment of the present invention.

[0020] FIG. 3B is a schematic diagram for explaining
capacitance of R, G, and B pixels supplied with the first data
voltage in the thin film transistor array panel shown in FIG.
3A.

[0021] FIG. 3C is a schematic diagram for explaining
capacitance of the R and G pixels supplied with the first data
voltage, and the B pixel supplied with the second data voltage
in the thin film transistor array panel shown in FIG. 3A.
[0022] FIG. 3D is a graph showing values of parasitic
capacitance obtained by simulation of an exemplary embodi-
ment of the present invention.

[0023] FIG. 4A is a layout view of the thin film transistor
array panel for one pixel according to an exemplary embodi-
ment of the present invention.

[0024] FIG. 4B is a cross-sectional view of the thin film
transistor array panel shown in FIG. 4A taken along the line
TA-TIA'

[0025] FIG. 4C a cross-sectional view of the thin film tran-
sistor array panel shown in FIG. 4A taken along the lines
IB-IB' and IC-IC".

[0026] FIG. 4D across-sectional view of the thin film tran-
sistor array panel shown in FIG. 4A taken along the line
ID-ID".

[0027] FIG.5is alayoutview ofacolor filter array panel for
a liquid crystal display including a common electrode and a
black matrix according to an exemplary embodiment of the
present invention.

[0028] FIG. 6A is alayout view of the liquid crystal display
including a color filter array panel.

[0029] FIG. 6B is a cross-sectional view of the liquid crys-
tal display shown in FIG. 6A taken along the line IIA-TIA".
[0030] FIG. 6C is a cross-sectional view of the liquid crys-
tal display shown in FIG. 6A taken along the line IIB-IIB".
[0031] FIG. 7A is a layout view of a thin film transistor
array panel according to an exemplary embodiment of the
present invention.

[0032] FIG. 7B is a cross-sectional view of the thin film
transistor array panel shown in FIG. 7A taken along the line
IIA-ITIA".
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[0033] FIG. 7C is a cross-sectional view of the thin film
transistor array panel shown in FIG. 7A taken along the line
TIb-I1Tb".

[0034] FIG. 8is alayout view of a thin film transistor array
panel according to an exemplary embodiment of the present
invention.

[0035] FIG. 9A is a layout view of a thin film transistor
array panel according to an exemplary embodiment of the
present invention.

[0036] FIG. 9B is a cross-sectional view of the thin film
transistor array panel shown in FIG. 9A taken along the line
IV-IV'.

[0037] FIG.10isalayout view ofa thin film transistor array
panel according to an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0038] The advantages and characteristics of the present
invention and means for achieving them will become appar-
ent from the following detailed description of the exemplary
embodiments and the accompanying drawings. However, the
present invention is not limited by the hereafter disclosed
exemplary embodiments, but may be modified in various
different ways. The present exemplary embodiments provide
complete disclosure of the present invention and complete
information of the scope of the present invention to those
skilled in the art, and the present invention is defined by the
scope of the claims.

[0039] Inthe drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity, and like refer-
ence numerals designate like elements throughout the speci-
fication.

[0040] It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0041] In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

[0042] Now, a liquid crystal display according to an exem-
plary embodiment of the present invention will be described
in detail with reference to the drawings.

[0043] A liquid crystal display according to the present
invention includes a thin film transistor array panel having a
thin film transistor connected to a gate line and a data line, a
common electrode panel having a common electrode, and a
liquid crystal layer formed between the thin film transistor
array panel and the common electrode panel. The longitudi-
nal axes of liquid crystal molecules of the liquid crystal layer
are vertically or horizontally aligned with respect to the dis-
play panels.

[0044] As shown in FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
includes a liquid crystal panel assembly 300, a gate driver
400, a data driver 500, a gray voltage generator 800, and a
signal controller 600.

[0045] The liquid crystal panel assembly 300 includes a
plurality of signal lines G1 to Gm and D1 to Dn and a plurality
of pixels PX that are connected to the plurality of signal lines
and arranged in a matrix form. The signal lines G1 to Gm and
D1 to Dn include a plurality of gate lines G1 to Gm for
delivering gate signals (also referred to as scan signals) and a
plurality of data lines D1 to Dn for delivering data signals.
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The gate lines G1 to Gm extend in an approximate row
direction and are generally parallel to each other, and the data
lines D1 to Dn extend in a column direction and are generally
parallel to each other.

[0046] Each pixel includes a switching element Q that is
connected to one each of signal lines G1-Gm and D1-Dn, a
liquid crystal capacitor CLC that is connected to the switch-
ing element Q, and a storage capacitor CST. The storage
capacitor CST is optional.

[0047] The switching element Q may be a three-terminal
element and may be provided in the thin film transistor array
panel (not shown). The switching element Q has a control
terminal connected to the gate lines G1-Gm, an input terminal
connected to the data lines D1-Dn, and an output terminal
connected to the liquid crystal capacitor CLC and the storage
capacitor CST.

[0048] The liquid crystal capacitor CLC uses a pixel elec-
trode of the thin film transistor array panel and a common
electrode of the common electrode panel (not shown) as two
terminals. A liquid crystal layer between the two electrodes
functions as a dielectric material. The pixel electrode is con-
nected to the switching element Q, and the common electrode
which is supplied with a common voltage Vcom is formed on
the whole surface of the common electrode panel. The com-
mon electrode may be provided in the thin film transistor
array panel. In this case, at least one of the two electrodes may
have a linear or bar shape.

[0049] The storage capacitor Cst, which serves to assist the
liquid crystal capacitor Clc, includes a storage electrode line
(not shown) provided in the thin film transistor array panel,
and a pixel electrode or the output terminal of the switching
element Q, which are overlapped with an insulator therebe-
tween. The storage electrode line is supplied with a given
voltage such as the common voltage Vcom. In the storage
capacitor Cst, however, the pixel electrode may be overlapped
with a previous gate line through the intermediation of the
insulator.

[0050] Referring to FIGS. 2 to 4, a thin film transistor array
panel according to the present invention is described below in
detail.

[0051] FIG. 2 is alayout view of a thin film transistor array
panel according to an exemplary embodiment of the present
invention.

[0052] Referring to FIG. 2, a thin film transistor array panel
according to the present exemplary embodiment includes a
gate line 22, data lines 62a-62d, drain electrodes 66, blocking
electrodes 21, a storage electrode line 28, and pixel electrodes
824-82d. The gate line 22 includes gate electrodes 26, the data
lines 62a-62d include source electrodes 65, and the storage
electrode line 28 includes storage electrodes 67.

[0053] FIG. 2 shows reference characters such as “a”, “b”,
“c”, and “d,” which are added to the reference numbers. The
elements referred by the reference characters “a”, “b”, “c”,
and “d” are indicated by the ordinal numbers of first, second,
third, and fourth, respectively. Also, the reference numerals
B, R, and G respectively indicate colors of blue, red, and
green, and these colors are created by color filters (not shown)
that occupy essentially the same areas that are occupied by the
pixel electrodes 82a-82d.

[0054] Each of the pixel electrodes 82a-82d is supplied
with signal voltages, i.e., data voltages from the data driver
500 and the gate driver 400 to display desired images. Adja-
cent pixel electrodes 82a-82d are supplied with data voltages
having opposite polarities relative to a common voltage. The
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data voltages are supplied from the data lines 62a-62d when
the thin film transistors that function as switches are turned on
in synchronization with the gate signals from the gate line 22.
[0055] Each of the pixel electrodes 825-82d may be spaced
apart from a data line 62a-62¢ that is disposed on its left side,
and may completely cover a data line 62a-62¢ that is disposed
on its right side.

[0056] Theblocking electrodes 21 are substantially parallel
to the data lines 62a-62d, and are spaced apart from the data
lines 62a-62d. Each of the blocking electrodes 21 is disposed
between two data lines 62a-62d and close to the left one. In
addition, each of the blocking electrodes 21 is disposed
between two pixel electrodes 82a-82d and spaced apart from
the left one while partly overlapping the right one. However,
the left side and the right side may be exchanged.

[0057] FIG. 3A is a circuit diagram representing the pixel
arrangement shown in FIG. 2 and schematically shows the
capacitances and the signal lines.

[0058] In FIG. 3A, the thin film transistors Q1-Q4, the
capacitances Clc of the liquid crystal capacitors, and the
capacitances Cst of the storage capacitors are shown. Also,
the parasitic capacitances between each of the data lines
62a-62d and two of the pixel electrodes 82a-82d that are
adjacent thereto are shown, and for example the parasitic
capacitance between the first data line 624 and the first pixel
electrode 82a is shown as Cpd2, and the parasitic capacitance
between the first data line 62a and the second pixel electrode
825 is shown as Cpd1.

[0059] As shown in FIG. 3B, it is considered that the first
voltage is applied to all transistors Q1-Q4. For example, the
voltages of 4.5 and 5.5V that are symmectrical with reference
to the common voltage of 5V are alternately applied to each of
the pixel electrodes 82a-82d in consideration of inversion
driving. Then, the maximum voltage differences between
each of the data lines 624-62d and the neighboring pixel
electrodes 82a-82d are 1V. Accordingly, the voltage shift due
to the Cpd2 is almost the same as that due to Cpdl, and thus
the net voltage difference due to the parasitic capacitances is
small.

[0060] Meanwhile, it is considered that the entire screen
displays a yellow color. The R pixel having the second pixel
electrode 824 and the B pixel having the third pixel electrode
82c are supplied with the first voltage, and the B pixel having
the first pixel electrode 82a and the pixel B having the fourth
pixel electrode 824 are supplied with the second voltage. For
instance, the B pixels having the pixel electrodes 82a and 82d
are alternately supplied with the voltages of 0 and 10V that
reverse relative to the common voltage of 5V. In this case, the
maximum voltage difference of 1V is generated between the
G pixel having the third pixel electrode 82¢ and the second
data line 625 such that the coupling effect is small and the
voltage shift due to the parasitic capacitance is small.

[0061] The second data line 624 connected to the R pixel
having the second pixel electrode 825 is alternately supplied
with voltages of 4.5 and 5.5V, and the first data line 62a
connected to the B pixel having the first pixel electrode 82a is
alternately supplied with the voltages of 0 to 10V, to display
a black color. Accordingly, a maximum difference of 5.5
(10-4.5) V is generated between the first data line 62a and the
second pixel electrode 825 such that the coupling effect is
large and the voltage shift due to the parasitic capacitance is
also large. Therefore, the voltage of the second pixel electrode
82b becomes smaller than the voltage initially supplied from
the second data line 625. Also, the load of the data IC is large.
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[0062] However, the blocking electrodes 21 are disposed
between the first data line 62a and the second pixel electrode
824 in an exemplary embodiment of the present invention
such that the parasitic capacitance generated between the first
data line 62a and the second pixel electrode 825 is decreased,
thereby reducing the voltage shift due to the parasitic capaci-
tance and thus reducing the greenish deterioration.

[0063] FIG. 3D is a graph showing the values of the para-
sitic capacitance obtained by a simulation of an exemplary
embodiment of the present invention. A parasitic capacitance
Cdata of the first data line 62a, a parasitic capacitance Cdp_L
between the first data line 62a and the first pixel electrode 82a
on the first data line 62a and the parasitic capacitance Cdp_R
between the first data line 62a and the second pixel electrode
824 are decreased by more than 25% from Sdata, as shown in
FIG. 3D. Here, the values of Sdata are parasitic capacitances
in a conventional structure without the blocking electrode 21.
The variations are not large in the simulation cases of
N1_DL2, N1_DR2, N1_IL2, and N1_DR2 in which 2
micrometers of a mask alignment margin between the pixel
electrodes 82a-82d and the data line 62a-62d is established,
differently from N1 lacking the mask alignment margin.
Accordingly, the problems such as the greenish deterioration
may be solved by adapting the present invention.

[0064] The above-described driving voltages, such as the
voltage applied to the data lines 62a-62d, the voltages applied
to the gate lines 22, and the common voltage of the common
electrode 90 may be changed according to the driving types of
the liquid crystal display, and the driving voltages may be
changed according to the liquid crystal driving mode such as
TN, PVA, IPS, and MVA.

[0065] Next, a thin film transistor array panel for a liquid
crystal display and a liquid crystal display including the same
according to an exemplary embodiment of the present inven-
tion will be described in detail with reference to FIGS. 4A to
4D.

[0066] FIG. 4A is a plan view of a portion of a thin film
transistor array panel which is indicated by reference numeral
100.

[0067] A gate line 22 is formed in the horizontal direction
on an insulating substrate 10, and the gate line 22 includes a
gate electrode 26 with a protrusion shape. Also, the gate line
22 includes an end portion 24 for receiving the gate signal
from another layer or the outside and transmitting it through
the gate line 22, and the end portion 24 of the gate line 22 is
enlarged with a wide width for connection to an external
circuit. The gate line 22, the gate electrode 26, and the end
portion 24 together are called a gate wire.

[0068] Further, the first data line 62a and the second data
line 626 are formed in the vertical direction on the insulating
substrate 10, the first data line 62a is connected to the first
pixel electrode 82a, and the second data line 624 is connected
to the second pixel electrode 825.

[0069] Also, a blocking electrode 21 is formed in the ver-
tical direction on the insulating substrate 10. The blocking
electrode 21 is disposed on one side of the first data line 62a
to suppress the parasitic capacitance generated between the
first data line 62a and the second pixel electrode 824, and to
prevent light leakage.

[0070] The blocking electrode 21 is simultaneously formed
with the line 22, but may be simultaneously formed with the
data line 62. Here, the data line 62 is part from the blocking
electrode 21, and it is preferable that the distance between the
data line 62 and the blocking electrode 21 is in the range of
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about from 0.5 micrometers to 4 micrometers. The parasitic
capacitance between the data line 62 and the blocking elec-
trode 21 may be sufficiently reduced by the distance such that
the driving IC may not be overloaded.

[0071] The first pixel electrode 82a is disposed on the first
dataline 62a. Accordingly, the alignment of the liquid crystal
layer is effectively generated such that the width of a black
matrix is reduced, thereby obtaining a high aperture ratio.

[0072] Here, the first pixel electrode 82a may cover the first
data line 62a. In this case, the first pixel electrode 82a also
receives the signals provided by the first data line 62a such
that a voltage difference between the two components is small
to thereby minimize the generation of the parasitic capaci-
tance. The blocking electrode 21 is disposed between the
second pixel electrode 825 and the first data line 62a such that
the coupling effect between the first data line 62a and the
second pixel electrode 8256 is reduced to thereby reduce the
coupling effect. The blocking electrode 21 may overlap the
second pixel electrode 825, and it is preferable that the over-
lapping width is in the range of about from 0.5 to 4 microme-
ters.

[0073] Also, a storage electrode line 28 that is substantially
parallel to the gate line 22 is formed in the horizontal direction
on the insulating substrate 10. The storage electrode line 28 is
simultaneously formed with the gate line 22. As shown in
FIG. 4A, the blocking electrode 21 is electrically connected
to the storage electrode line 28 for receiving the same elec-
trical signal as that of the storage electrode line 28. Alterna-
tively, blocking electrode 21 may be floated.

[0074] A gateinsulating layer 30 preferably made of'silicon
nitride (SiNx) is formed on the gate wire 22, 24, and 26, the
blocking electrode 21, and the storage electrode line 28.

[0075] A semiconductor layer 41 preferably made of
hydrogenated amorphous silicon or polysilicon is formed on
the gate insulating layer 30. The semiconductor layer 41 may
have various shapes such as an island or line shape, and for
example the semiconductor layer 41 is disposed under the
data line 62 and extended on the gate electrode 26 with the
line shape, as shown in the present exemplary embodiment.
Also, the semiconductor layer 41 may be island-shaped on the
gate electrode 26. When forming the semiconductor layer 41
with a stripe shape, the semiconductor layer 41 may be pat-
terned along with the data line 62, and may be patterned by
using an additional mask.

[0076] Ohmic contact layers 55 and 56 are preferably made
of'silicide, of n+ hydrogenated amorphous silicon into which
an n-type impurity is doped at a high concentration, or of a
semiconductor material including an n-type or p-type impu-
rity. The ohmic contact layers 55 and 56 may have various
shapes such as island and stripe shapes, and for example the
ohmic contact layers 55 and 56 are disposed under the drain
electrode 66 and the source electrode 65 as shown in the
present exemplary embodiment, but an ohmic contact stripe
may be extended under the data line 62.

[0077] A dataline 62 and a drain electrode 66 are formed on
the ohmic contact layers 55 and 56, and on the gate insulating
layer 30. The data line 62 is extended in the vertical direction
and intersects the gate line 22 to define a pixel. The data line
62 includes a source electrode 65 extended with a branch
shape from the data line 62 to the upper portion of the semi-
conductor layer 40. Also, the data line 62 includes an end
portion 68 for receiving data signals from other layers or the
outside and transmitting them through the data line 62, and
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the end portion 68 of the data line 62 is enlarged with a wide
width for connection to an external circuit.

[0078] The drain electrode 66 is separated from the source
electrode 65, and the drain electrode 66 is disposed on the
semiconductor layer 40 to oppose the source electrode 65
with respect to the gate electrodes 26.

[0079] The drain electrode 66 has a bar pattern, which is
curved and straight, and is disposed on the semiconductor
layer 40, and an expansion portion extended from the bar
pattern to a contact hole 76 and having a wide area.

[0080] The data line 62, the end portion 68, the source
electrode 65, the drain electrode 66, and a coupling electrode
68 together are called a data wire.

[0081] The storage electrode 67 is connected to the storage
electrode line 28, and the storage capacitor includes one
terminal made of the storage electrode 67, another terminal
made of the drain electrode and the pixel electrode 82 elec-
trically connected to the drain electrode, and an insulating
layer 70 formed therebetween. The dielectric of the storage
capacitor may further include a first passivation layer and a
second passivation layer, a passivation layer of a single-lay-
ered structure, or a plurality of layers as well as the insulating
layer formed therebetween.

[0082] A portion of the source electrode 65 at least overlaps
the semiconductor layer 40, and the drain electrode 66
opposes the source electrode 65 with respect to the gate
electrode 26 and at least overlaps the semiconductor layer 40.
Here, the ohmic contact layers 55 and 56 are interposed only
between the underlying semiconductor layer 40 and the over-
lying source and drain electrodes 65 and 66 thereon, and
reduce the contact resistance therebetween.

[0083] As illustrated, for example, in FIG. 4B, a first pro-
tecting layer 70, preferably made of the insulating layer, is
formed on the data wire 62, 65, 66, and 68 and the exposed
semiconductor layer 41. Here, the first protecting layer 70 is
made of an inorganic material such as silicon nitride or silicon
oxide, an organic material having a good planarizing charac-
teristic and photosensitivity, or an insulating material having
a low dielectric constant such as a-Si:C:O or a-Si:O:F that is
formed by plasma enhanced chemical vapor deposition
(PECVD). Also, a passivation layer 81, also shown in FIG.
4B, made of an organic material is formed on the first pro-
tecting layer 70 to form a protecting layer with a double-
layered structure.

[0084] The first protecting layer 70 may omitted, in which
case only the passivation layer 81 is formed on the thin film
transistor as a passivation layer.

[0085] The first protecting layer 70 has a plurality of con-
tactholes 72,76, and 78 exposing the storage electrode 67, the
drain electrode 66, and the end portion 68 of the data line 62,
and the first protecting layer 70 and the gate insulating layer
30 include a contact hole 74 exposing the end portion 24 of the
gate line 22.

[0086] A pixel electrode 825 that is electrically connected
to the drain electrode 66 through the contact hole 72 and
having a shape corresponding to the pixel is formed on the
first protecting layer 70. The pixel electrode 825 that is sup-
plied with the data voltage and the common electrode of the
upper panel generate an electric field, which determines ori-
entations of liquid crystal molecules of the liquid crystal layer
between the pixel electrode and the common electrode.
[0087] Also, contact assistants 76 and 88 respectively con-
nected to the end 24 of the gate line 22 and the end 68 of the
data line 62 through the contact holes 74 and 78 are formed on
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the first protecting layer 70 and the insulating layer. Also, the
first protecting layer 70 and insulating layer include a plural-
ity of contact holes 71 and 72 exposing the storage electrode
line 28 and the storage electrode 67, and a connecting mem-
ber 83 for connecting the storage electrode line 28 and the
storage electrode 67 to each other through the contact holes
71 and 72 is formed the first protecting layer 70.

[0088] Here, the pixel electrode 824, the contact assistants
76 and 88, and the connecting member 83 are made of a
transparent conductor such as ITO or IZO or a reflective
conductor such as aluminum. The contact assistants 86 and 88
function to ensure connection between an external device and
the ends 24 and 68 of the gate line 22 and the data line 62. An
alignment layer (not shown) for aligning the liquid crystal
molecules of the liquid crystal layer may be formed on the
pixel electrode 82, the contact assistants 86 and 88, and the
first protecting layer 70.

[0089] FIG. 4B is a cross-sectional view of FIG. 4A taken
along with the line IA-IA'". The gate insulating layer 30 is
interposed between the gate electrode 26, and the source
electrode 65 and drain electrode 66, and the semiconductor
layers 40 and 41 are formed on the gate electrode 26. The
source electrode 65 and the drain electrode 66 are separated
from each other, the first protecting layer 70 is disposed on the
source electrode 65, the semiconductor layer 40, and the drain
electrode 66, and the storage electrode 67 is disposed under
the drain electrode 66.

[0090] The drain electrode 66, the storage electrode 67
under the drain electrode 66, and the insulating layer therebe-
tween form the storage capacitor. Also, the pixel electrode
82b and the drain electrode 66 are connected to each other
through the contact hole 72 disposed on the drain electrode 66
such that a signal applied to the data line 62 is transmitted to
the pixel electrode 82 through the drain electrode 66 to the
signal applied to the gate line 22. The drain electrode 66
simultaneously functions as an electrode for forming a stor-
age capacitance such that the aperture ratio is improved.

[0091] FIG. 4C is a cross-sectional view of pad portions of
the gate line 22 and the data line 62, respectively. The pad
portion of the gate line 22 is disposed under the first protect-
ing layer 70 and the insulating layer, and is electrically con-
nected to the contact assistant through the contact hole for
ohmic contact of the gate line 22. The pad portion of the data
line 62 is disposed under the first protecting layer 70, and is
electrically connected to the contact assistant through the
contact hole for ohmic contact of the data line 62.

[0092] FIG. 4D is a cross-sectional view of FIG. 4A taken
along with the line ID-ID'. The gate insulating layer 30 is
formed on the blocking electrode 21, and the data line 62a is
disposed on the gate insulating layer 30.

[0093] The first protecting layer 70 is formed on the gate
insulating layer 30. A passivation layer may be selectively
formed on the first protecting layer, and the pixel electrode is
formed thereon. The first data line 62a and the blocking
electrode 21 are separated from each other by the distance .3,
and an overlapping region does not exist. Accordingly, the
load between the data line and the blocking electrode 21 is
reduced and the parasitic capacitance is reduced to thereby
reduce the load of the data IC. To obtain this, it is preferable
that the distance [.3 between the data line 62 the blocking
electrode 21 is in the range of about 0.5 to 4 micrometers.
When the distance is increased, the aperture ratio is reduced.
Accordingly, it is necessary to maintain the optimized dis-
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tance to minimize the reduction of the aperture ratio and to
reduce the parasitic capacitance.

[0094] The first pixel electrode 82a overlaps at least a por-
tion of the first data line 62a, and it is advantageous to com-
pletely cover the first data line 62a. Here, it is preferable that
the distance L1 between the end edge of the first pixel elec-
trode 824 and the end edge of the first data line 624 is in the
range of about 0.5 to 6 micrometers. An organic insulator of
the passivation layer 81 that is disposed on the first protecting
layer 70 for reducing the parasitic capacitance generated
between the pixel electrode 82 and the data line 62 may be
additional formed. Here, the passivation layer 81 is made of a
low dielectric organic material, and the first protecting layer
70 may be omitted. When additional forming the passivation
layer 81, the passivation layer 81 must include a plurality of
contact holes exposing the gate line 22, the data line 62, and
the drain electrode 66. Here, the passivation layer 81, the first
protecting layer 70, and the insulating layer 30 are patterned
by using one mask process such that an additional mask is not
needed. Also, when forming the passivation 81 of an organic
material, the first protecting layer 70 and the gate insulating
layer 30 are etched by using the passivation layer 81 as an etch
mask to form the contact holes such that an additional pho-
tolithography process may be omitted. The second pixel elec-
trode 824 overlapping the blocking electrode 21 is disposed
on the blocking electrode 21, and it is preferable that the
overlapping width L4 thereof is in the range of about 0.5 to 6
micrometers.

[0095] FIG. 5is alayout view of a common electrode panel
for a liquid crystal display according to an exemplary
embodiment of the present invention. The common electrode
panel includes a color filter 98, a common electrode 90, and a
black matrix 94.

[0096] FIG. 6A is a layout view of a liquid crystal display
including the thin film transistor array panel of FIG. 4A and
the common electrode panel of FIG. 5. FIG. 6B is a cross-
sectional view of the liquid crystal display shown in FIG. 6A
taken along with the line Ila-Ila', and FIG. 6C is a cross-
sectional view of the liquid crystal display shown in FIG. 6A
taken along with the line IIB-IIB".

[0097] Referring to FIGS. 5 to 6C, the black matrix 94 for
preventing light leakage is formed on an insulating substrate
96 preferably made of a transparent insulating material such
as glass, color filters 98 of red, green, and blue are sequen-
tially arranged in pixels, and a common electrode 90 prefer-
ably made of a transparent conductive material such as ITO or
170 is formed on the color filters 98. An alignment layer (not
shown) for aligning the liquid crystal molecules may be
coated on the common electrode 90.

[0098] As shown in FIG. 6B, the thin film transistor array
panel 200 and common electrode panel 100 are aligned and
combined, a liquid crystal layer 150 is formed therebetween,
and liquid crystal molecules of the liquid crystal layer 150 are
vertically aligned to complete the base structure of the liquid
crystal display according to an exemplary embodiment of the
present invention.

[0099] The liquid crystal molecules of the liquid crystal
layer 150 are vertically aligned to be perpendicular to the thin
film transistor array panel 100 and the common electrode
panel 200 in a state where an electric field is not applied
between the pixel electrodes 82 and the common electrode
90, and have negative dielectric anisotropy. The thin film
transistor array panel 100 and the common electrode panel
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200 are aligned such that the pixel electrode 82 and the color
filter 98 face each other and are correctly overlapped.

[0100] The liquid crystal display may include elements
such as polarizers and a backlight in the base structure. Here,
the polarizers (not shown) may be respectively disposed on
opposite sides of the base structure, and one transmissive axis
thereof is parallel to the gate lines 22 and the other transmis-
sive axis thereof is perpendicular to the gate line 22.

[0101] Referring to FIGS. 6A and 6C, the blocking elec-
trode 21 is formed with one side of the data line 62 on the
insulating substrate 10. As above-described, the blocking
electrode 21 prevents light leakage that is generated on the
circumferences of the first data line 62 and the second pixel
electrode 825.

[0102] Generally, the liquid crystal molecules disposed on
the circumference of the data line 62 are not controlled by the
pixel electrode 82 and the common electrode 90 such that the
light leakage is generated, and the light leakage becomes
greater near the backlight (not shown), and passes to the space
between the data line 62 and the pixel electrode 82. Further-
more, the light from the backlight is incident at various angles
and passes such that the black matrix 94 having the wide area
is needed to prevent the light leakage.

[0103] However, the light leakage between the first data
line 62a and the first pixel electrode 82a is prevented by
disposing the first pixel electrode 82a on the first data 62a to
control the liquid crystal molecules in the liquid crystal dis-
play according to the present invention. Also, the light leak-
age between the first data line 62a¢ and the second pixel
electrode 8254 is prevented by using the blocking electrode 21
that reduces the parasitic capacitance generated between the
first data line 62a and the second pixel electrode 825 to block
the space between the first data line 62a and the second pixel
electrode 826. Accordingly, the area of the black matrix 94 on
the first data line 62a may be reduced, thereby improving the
aperture ratio of the liquid crystal display. This may also be
adapted to the black matrix 94 disposed on the second data
line 62b.

[0104] FIG. 7A is a layout view of a thin film transistor
array panel according to an exemplary embodiment of the
present invention. The same constituent elements in exem-
plary embodiments of the present invention indicate the same
reference numerals, and different characteristics from the
previous embodiment will be additional explained in detail.

[0105] As shown in FIG. 7B, color filters 99 are formed on
the first protecting layer 70. The color filters 99 represent one
of three primary of red, green, and blue, and are partially
overlapped with each other between the pixels.

[0106] A second protecting layer 80 is formed on the color
filters 99. The second protecting layer 80 prevents impurities
of'the color filters 99 from flowing into the liquid crystal layer.
[0107] Also, a black matrix 95 is formed according to the
data line 62 on the substrate including thin film transistors.
Further, the black matrix is formed to prevent the current
characteristic of the thin film transistors from deteriorating
due to the light incident to the thin film transistors through the
thin film transistor array panel 100 or the common electrode
panel 200. Accordingly, only a common electrode 90 is
formed on the common electrode panel 200. The black matrix
95 may be disposed on or under the second protecting layer
80.

[0108] FIG. 7B is a cross-sectional view of FIG. 7A taken
along the line IIIA-IIIA'. The first protecting layer 70 is
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disposed on the thin film transistors, and the black matrix 95
is disposed on the first protecting layer 70.

[0109] To planarize the structure, it is preferable that the
boundaries of the color filters 99 meet the boundaries of the
black matrix 95. Of course, the color filters 99 may be formed
on the black matrix 95.

[0110] FIG. 7C is a cross-sectional view FIG. 7A taken
along the line IIIb-IIIb'. The blocking electrode 21 is apart
from the first data line 62a by the distance L3, the fist pro-
tecting layer 70 is disposed on the first data line 62a, and the
black matrix 95 is formed on the first protecting layer 70. The
boundaries of the color filters 99 meet the boundaries of the
black matrix 95, and the color filters 99 correspond to the
pixel electrodes. The first pixel electrode 82a and the second
pixel electrode 8256 are formed on the color filters 99. The
blocking electrode 21 reduces the parasitic capacitance gen-
erated between the second pixel electrode 825 and the first
data line 62a, thereby reducing the load of the data wire.
Particularly, because the color filters 99 are interposed
between the first data wire 62a and the first pixel electrode
82a, the parasitic capacitance may be further reduced.
[0111] FIG. 8 is alayout view of a thin film transistor array
panel 100 according to another exemplary embodiment of the
present invention. A blocking electrode 21 is electrically
floated, and is simultaneously formed with a gate line 22. The
rest of the elements are the same as the above-described
elements.

[0112] FIG. 9A is a layout view of a thin film transistor
array panel 100 according to another exemplary embodiment
of the present invention.

[0113] A blocking electrode 21 is connected to a storage
electrode line 28 through a fourth contact hole 79, and is
simultaneously formed with the data line 62. Here, a new
mask may be used to form the third contact hole 76. The rest
of the elements are the same as the above-described elements.
[0114] FIG. 9B is a cross-sectional view of FIG. 9A taken
along the line IV-IV'.

[0115] The blocking electrode 21 is connected to the stor-
age electrode line through the fourth contact hole 79, and the
rest of the elements are the same as in the previously
described embodiment.

[0116] FIG.10isalayout view ofa thin film transistor array
panel 100 according to another exemplary embodiment of the
present invention.

[0117] Theblocking electrode 21 is electrically floated, and
is at the same layer as the data line 62. The rest of the elements
are the same as the above-described elements.

[0118] As above-described, according to the liquid crystal
display of the present invention, the storage electrode line 28
is used for forming the storage capacitor such that the load of
the gate line 22 may be reduced. Furthermore, the area of the
storage electrode connected to the storage electrode line 28 is
reduced such that the aperture ratio may be improved under
the formation of the same storage capacitance. Also, the light
leakage at the edges of the data line is suppressed such that the
area of the black matrix disposed on the data line may be
decreased, thereby improving the aperture ratio.

[0119] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.
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What is claimed is:

1. A display device comprising:

a gate line formed on a substrate;

a storage electrode line formed on the substrate and spaced
apart from the gate line;

a first data line and a second data line that are insulated
from the gate line and the storage electrode line, the first
data line and the second data line neighboring each other
and intersecting the gate line;

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

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

a first pixel electrode disposed on the first data line and
connected to the first thin film transistor;

a second pixel electrode disposed on the second data line
and connected to the second thin film transistor; and

a blocking electrode neighboring and extending along the
first data line and spaced apart from the first data line in
a planar view,

wherein at least a portion of the first data line overlaps the
first pixel electrode, and at least a portion of the blocking
electrode overlaps the second pixel electrode, and

the storage electrode line overlaps the first pixel electrode via
an insulating layer to form a capacitor.

2. The display device of claim 1, wherein

the first data line is positioned such that in an area where the
first pixel overlaps the first data line a full width of the
data line is covered by the first pixel electrode.

3. The display device of claim 1, wherein

the blocking electrode is disposed at a different layer from
the first and the second data lines.

4. The display device of claim 3, wherein

the blocking electrode is electrically connected to the stor-
age electrode line.

5. The display device of claim 1, wherein

the blocking electrode is disposed at the same layer as the
gate line.

6. The display device of claim 2, wherein

in the overlap area an edge of the pixel electrode extends
beyond an edge of the first data line by a distance of from
about 0.5 to about 6 micrometers.

7. The display device of claim 1, wherein

a distance between an edge of the first data line and an
adjacent edge of the blocking electrode is in the range of
from about 0.5 to about 6 micrometers.

8. The display device of claim 1, further comprising

an insulating layer disposed between the first and the sec-
ond data lines and the blocking electrode.

9. The display device of claim 8, further comprising

a first protecting layer disposed between the first pixel
electrode and the first and the second data lines.

10. The display device of claim 9, wherein

the first protecting layer comprises at least one layer and
the at least one layer comprises SiO2, SiNx, or SiON.

11. The display device of claim 9, further comprising:

a passivation layer disposed between the first protecting
layer and the first pixel electrode.

12. The display device of claim 11, wherein

the passivation layer comprises an organic material.

13. The display device of claim 12, wherein

the passivation layer comprises a pigment.
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14. The display device of claim 13, wherein

the pigment of the passivation layer is one of red, green,
and blue.

15. The display device of claim 13, further comprising

a second protecting layer disposed on the passivation layer.

16. The display device of claim 13, further comprising

a light blocking member disposed on the first and second
thin film transistors.

17. The display device of claim 15, wherein

the second protecting layer comprises at least one layer and
the at least one layer comprises SiO2, SiNx, or SiON.

18. The display device of claim 2, wherein

the blocking electrode is disposed at the same layer as the
first and the second data lines.
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19. The display device of claim 18, wherein

the blocking electrode is made of the same material as the
first and the second data lines.

20. The display device of claim 2, wherein

the blocking electrode is electrically floated.

21. The display device of claim 1, wherein

the first pixel electrode and the second pixel electrode are
supplied with different electric signals.

22. The display device of claim 1, wherein

an edge of the blocking electrode is substantially parallel to
an edge of the first and the second data lines and the first
pixel electrode.

23. The display device of claim 1, further comprising

a liquid crystal disposed on the substrate.

s * * s ok



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI& B A

KRN

IPCH %S
CPCH(S
£ AR

H AT 3R
ShEREESE

BEG®)

RET - LRANRRE RS  EEFRSHNT ORNBIFELN R
BHE/ . BBETHREFEERELEER L H RIS BOMIREMF
R EMRER XA E - BIELMNE —HiEL |, AL NE -
BERENE-—GRBR , WIELANEMRENE—BFELREABES
F-BREMELHE_BRBR, WA, BEEE - GRBRNE=
BREMEWERBR , HRE-BRELNED —BIREEE R
RERTH  AHERNEL B REEF-_BEBRTAHEESSE

_yﬁgfﬁﬁo

BB~

US20120194414A1

US13/419228

LEE WOO#
KIM SHI YUL
YOUN JAEZ
LEE YOUNG/E

LEE WOO-#&
KIM SHI-YUL
YOUNE=Z
WM

=EDISPLAY CO., LTD.

LEE WOO GEUN
KIM SHI YUL

YOUN JAE HYOUNG
LEE YOUNG WOOK

LEE, WOO-GEUN
KIM, SHI-YUL

YOUN, JAE-HYOUNG
LEE, YOUNG-WOOK

G09G3/36

2012-08-02

patsnap

2012-03-13

G02F1/136209 G02F1/136286 G02F2201/40 G02F2001/136218 G02F2001/136222 G02F2001/13606

1020070076195 2007-07-30 KR

uS8730420

Espacenet

USPTO

/600

Signal
controller

Gate
Srier

| Grayvoliage

generator

I a0

Data drver

]

Dz -+ |Dn

05T

ﬁ()LC . L'—Vcom
ate

T

30



https://share-analytics.zhihuiya.com/view/36817c56-6ddc-460a-b0e6-24438f5195eb
https://worldwide.espacenet.com/patent/search/family/040337723/publication/US2012194414A1?q=US2012194414A1
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=%2220120194414%22.PGNR.&OS=DN/20120194414&RS=DN/20120194414

