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(7) ABSTRACT

A liquid crystal display (“LCD”) panel and fabricating
method thereof capable of minimizing erosion of a common
pad of the LCD panel are disclosed. The LCD panel includes
a common electrode formed on an upper substrate and a
common pad formed on a lower substrate facing the upper
substrate, the common pad supplying a common voltage to
the common electrode through a short point, wherein the
common pad includes a lower electrode formed on the lower
substrate, a first common contact hole penetrating a gate
dielectric layer formed to cover the lower electrode, an
intermediate electrode connected to the lower electrode
through the first common contact hole, a plurality of second
common contact holes penetrating an organic protection
layer formed to cover the intermediate electrode, and an
upper electrode connected to the intermediate electrode
through the second common contact holes.
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LIQUID CRYSTAL DISPLAY PANEL AND
FABRICATING METHOD THEREOF

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 2006-72278, filed Jul. 31,
2006, and all the benefits accruing therefrom under 35
U.S.C. §119, the contents of which in its entirety are herein
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates generally to a liquid
crystal display (LCD) panel and fabricating method thereof.
More particularly, the present invention relates to an LCD
panel and fabricating method thereof, which are capable of
minimizing erosion of a common pad.

[0004] (b) Description of the Related Art

[0005] An LCD is a thin flat display device which presents
an image by adjusting the light transmissivity of a dielectric
anisotropic liquid crystal. The LCD device includes a plu-
rality of gate lines and a plurality of data lines crossing the
gate lines, so as to define a plurality of cells. Each cell is
provided with subpixels independently driven by a thin film
transistor (TFT). The subpixels charge a difference voltage
between a data signal supplied to a pixel electrode through
the TFT and a common voltage supplied to a common
electrode of a color filter substrate and drive liquid crystal
molecules according to the charged voltage such that the
light transmissivity is adjusted to implement a gradation
depending on the data signal.

[0006] In order to apply the common voltage to the
common electrode, a short point is needed to connect the
common electrode formed on an upper substrate to a com-
mon pad formed on a lower substrate. Typically, the short
point is formed on a non-display area rather than a display
area provided by an adhesive and exposed to the exterior.
[0007] Such a short point is formed by coating a conduc-
tive paste on the common pad and applying hot press
thereon. However, conductive particles within the conduc-
tive paste may be broken during the hot press process and
thus cracks occur on an upper electrode of the common pad
arranged below the conductive paste. Then, moisture or
foreign substances permeate into the common pad through
the cracks, and lower and intermediate electrodes of the
common pad connected to the upper electrode of the com-
mon pad are eroded. The erosion of the electrodes distorts
the common voltage supplied to the common electrode and
further may propagate to a driving circuit formed on a
printed circuit board for driving the display area and the
signal lines of the display area, resulting in breakage of the
signal line.

BRIEF SUMMARY OF THE INVENTION

[0008] Aspects of the present invention provide an LCD
panel and fabricating method thereof, which are capable of
minimizing erosion of a common pad.

[0009] In an exemplary embodiment of the present inven-
tion, an LCD panel includes a common electrode formed on
an upper substrate and a common pad formed on a lower
substrate facing the upper substrate, the common pad sup-
plying a common voltage to the common electrode through
a short point, wherein the common pad includes a lower
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electrode formed on the lower substrate, a first common
contact hole formed through a gate dielectric layer covering
the lower electrode, an intermediate electrode connected to
the lower electrode through the first common contact hole,
a plurality of second common contact holes formed through
an organic protection layer covering the intermediate elec-
trode, and an upper electrode connected to the intermediate
electrode through the second common contact holes.
[0010] In one aspect, the second common contact holes
are formed such that the diameter of at least one of the
common second contact holes is smaller than that of the
short point.

[0011] In another aspect, the organic protection layer is
patterned to connect the intermediate electrode and the
upper electrode through the plurality of the second common
contact holes.

[0012] In another aspect, the LCD panel further comprises
an inorganic protection layer formed below the organic
protection layer, the inorganic layer having the same pattern
as the organic protection layer.

[0013] In another aspect, the first common contact hole is
formed as a plurality of openings.

[0014] In another exemplary embodiment of the present
invention, a method of fabricating an LCD comprises form-
ing a color filter substrate including a common electrode on
an upper substrate, forming a TFT substrate including a
common pad on a lower substrate facing the upper substrate,
the common pad having a lower electrode, a first common
contact hole formed through a gate dielectric layer covering
the lower electrode, an intermediate electrode connected to
the lower electrode through a the first common contact hole,
a plurality of second common contact holes formed through
an organic protection layer covering the intermediate elec-
trode, and an upper electrode connected to the intermediate
electrode through the second common contact hole, and
bonding the color filter substrate to the TFT substrate such
that the common electrode is electrically connected to the
common pad through a short point.

[0015] In one aspect, the second common contact holes
are formed such that the diameter of at least one of the
second common contact holes is smaller than that of the
short point.

[0016] In another aspect, the method for fabricating the
liquid crystal display panel further comprises forming an
inorganic protection layer below the organic protection
layer, the inorganic layer having the same pattern as the
organic protection layer.

[0017] In another aspect, the first common contact hole is
formed as a plurality of openings.

[0018] In another aspect, the organic protection layer is
patterned to connect the intermediate electrode and the
upper electrode through the plurality of the second common
contact holes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other aspects, features and advan-
tages of the present invention will become readily apparent
by reference to the following detailed description in con-
junction with the accompanying drawings, wherein:

[0020] FIG. 1 is a plan view illustrating an LCD panel
according to an exemplary embodiment of the present
invention;

[0021] FIG. 2 is a cross sectional view illustrating a first
exemplary embodiment of the LCD panel of FIG. 1;
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[0022] FIG. 3 is a cross sectional view illustrating a
second exemplary embodiment of the LCD panel of FIG. 1;
and

[0023] FIGS. 4A to 4G are cross sectional views illustrat-
ing an exemplary method of fabricating the LCD panel of
FIG. 3, in accordance with an alternative embodiment of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the
drawings, the size and relative sizes of layers and regions
may be exaggerated for clarity.

[0025] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0026] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “lower” other elements or features would then be
oriented “above” or “upper” relative to the other elements or
features. Thus, the exemplary term “below” can encompass
both an orientation of above and below. The device may be
otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein
interpreted accordingly.

[0027] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0028] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
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understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0029] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0030] FIG. 1 is a plan view illustrating an LCD panel
according to an exemplary embodiment of the present
invention, and FIG. 2 is a cross sectional view illustrating a
first exemplary embodiment of the LCD panel of FIG. 1,
particularly illustrating a subpixel and a short point.
[0031] Referring to FIGS. 1 and 2, the LCD panel includes
a thin film transistor (TFT) substrate 160 and a color filter
substrate 150 which face each other with a liquid crystal
material (not shown) disposed therebetween and are bonded
to each other by means of an adhesive 180.

[0032] The color filter substrate 150 is formed by depos-
iting a black matrix (not shown), a color filter (not shown),
and a common electrode 152 on an upper substrate 111. The
black matrix is implemented in the form of a matrix on the
upper substrate 111. The black matrix divides an area of the
upper substrate 111 into a plurality of cell regions in which
color filters are formed and prevents optical interferences
between adjacent cells and exterior light reflection. The
color filter is formed with a red filter region (R), a green filter
region (G), and a blue filter region (B) passing red, green,
and blue lights, respectively, in the cell regions divided by
the black matrix. The common electrode 152 is formed by
coating a transparent conductive material over the color
filter. A common voltage (Vcom) is supplied to the common
electrode 152 through a short point 170 while the LCD panel
is driven.

[0033] The TFT substrate 160 includes a plurality of cell
regions defined by a plurality gate lines and data lines
crossing the gate lines. Each cell region includes a TFT 130
coupled with a gate line 102 and a data line 104, a pixel
electrode 122 connected to the TFT 130, and a common pad
140 connected to the common electrode 152 through the
short point 170.

[0034] The TFT 130 selectively supplies a data signal to
the pixel electrode 122 through the data line 104 in response
to a gate signal supplied through the gate line 102. The TFT
130 includes a gate electrode 106 connected to the gate line
102, a source electrode 108 connected to the data line 104,
and a drain electrode 110 connected to the pixel electrode
122. The TFT 130 further includes an active layer defining
a channel between the source electrode 108 and the drain
electrode 110 while overlapping the gate electrode 106 with
a gate dielectric layer 112 disposed therebetween and
includes an ohmic contact layer 116 for providing ohmic
contact between the active layer 114 and the source and
drain electrodes 108 and 110.

[0035] After the gate electrode 106 is formed on a lower
substrate 101 together with the data line 102, the active layer
114 and the ohmic contact layer 116 are deposited on the
gate dielectric layer 112 in a sequential order and then the
source and drain electrodes 110 are formed on the ohmic
contact layer 116 together with the data line 104. The TFT
130 is connected to the pixel electrode 122 via a pixel
contact hole 120 formed through an inorganic protection
layer 124 and an organic protection layer 118.

[0036] The pixel electrode 122 is connected to the drain
electrode 110 of the TFT 130 which is exposed through the
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contact hole 120 in each subpixel area. If a video signal is
supplied through the TET 130, the pixel electrode 122 forms
a vertical electric field with the common electrode 152
charged by the common voltage such that liquid crystal
molecules vertically aligned with respect to the TFT sub-
strate 160 and the color filter substrate 150 are twisted by the
dielectric anisotropy of the liquid crystal. Depending on the
twisted angles of liquid crystals, the light transmissivity
transmitting each pixel area varies, correspondingly illumi-
nating the pixel.

[0037] The common pad 140 is connected to the common
electrode 152 through the short point 170, which is posi-
tioned in a non-display region rather than a display region
defined by the adhesive 180. Accordingly, the common pad
140 supplies the common voltage from a power source (not
shown) to the common electrode 152.

[0038] The common pad 140 includes a lower electrode
142 formed on the lower substrate 101, an intermediate
electrode 144 connected to the lower electrode 142 through
a first common contact hole 132, and an upper electrode 146
connected to the intermediate electrode 144 through a sec-
ond common contact hole 134.

[0039] The lower electrode 142 is formed from the same
metal as the gate electrode 106 on the lower substrate 101.
[0040] The intermediate electrode 144 of the common pad
140 is connected to the lower electrode 142 through the first
common contact hole 132, which exposes the lower elec-
trode 142 by penetrating the gate dielectric layer 112. The
intermediate electrode 144 is formed from the same metal as
the data line 104 on the same horizontal plane as the data line
104, i.e., on the gate dielectric layer 112.

[0041] FIG. 3 is a cross sectional view illustrating a
second exemplary embodiment of the LCD panel of FIG. 1.
[0042] As shown in FIG. 3, the structure of the LCD panel
according to the second embodiment is identical to that of
the LCD panel according to the first embodiment of FIG. 2,
except that the first common contact hole 132 is imple-
mented with a plurality of openings as opposed to a single
opening structure in the first embodiment.

[0043] By forming the first common contact hole 132 with
a plurality of openings, the exposure amount of the side
walls of the gate dielectric layer 112 is increased. Accord-
ingly, the intermediate electrode 144 formed on the side-
walls of the gate dielectric layer 112, as well as on upper
sides of the gate dielectric layer 112 and the lower electrode
142, has an increased area, wherein the contact resistance
between the lower electrode 142 and the intermediate elec-
trode 144 decreases.

[0044] 1In this case, the gate dielectric layer 112 includes a
plurality of openings therein to define the first common
contact hole 132 on the lower electrode 142. The reduced
exposure surface of the lower electrode 142 also decreases
the chances of contact with moisture, as well as with the
contact surface chemical solution (for example, etchant and
strip solution), resulting in improvement of chemical resis-
tance of the lower electrode 142.

[0045] The upper electrode 146 is connected to the inter-
mediate electrode 144 through the second common contact
hole 134 defined by a plurality of openings exposing the
intermediate electrode 144 by penetrating the inorganic
protection layer 124 and the organic protection layer 118. At
least one of the openings of the second common contact hole
134 is formed such that the diameter of the opening is less
than that of the short point 170. The upper electrode 146 is
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formed from the same metal as the pixel electrode 122 on the
same horizontal plane as the pixel electrode 122, i.e., on the
organic protection layer 118. The inorganic protection layer
124 and the organic protection layer 118 are deposited on the
intermediate electrode 144 through the second common
contact hole 134 in a sequential fashion.

[0046] The organic protection layer 118 and the inorganic
protection layer 124 are formed in an identical pattern on the
intermediate electrode 144. Both the organic protection
layer 118 and the inorganic protection layer 124 protect the
upper electrode 146 from being cracked by absorbing pres-
sure generated during a hot press process of a conductive
paste forming the short point 170. The organic protection
layer 118 is formed so as to enable the intermediate electrode
144 to contact the upper electrode 146 through a plurality of
holes. The inorganic protection layer 124 creates long a
channel through which moisture may permeate when cracks
occur under the organic protection layer 118. The plurality
of openings defining the second common contact hole 134
reduces the size of the exposed surface of the intermediate
electrode 144, thereby decreasing the chance that the inter-
mediate electrode 144 is exposed to moisture. Accordingly,
the rate of propagation of erosion is reduced and an erosion
margin is improved.

[0047] The upper electrode 146 is formed on side walls of
the organic protection layer 118 and the inorganic protection
layer 124 exposed by the plural openings of the second
common contact hole 134, as well as on the upper surfaces
of the organic protection layer 118, the inorganic protection
layer 124, and the intermediate electrode 144 of the common
pad 140. Accordingly, since the size of exposed surface of
the upper electrode 146 increases, the contact resistance
between the intermediate electrode 144 and the upper elec-
trode 146 decreases.

[0048] FIGS. 4A to 4G are cross sectional views illustrat-
ing an exemplary method for fabricating the LCD panel of
FIG. 3, in accordance with an alternative embodiment of the
invention.

[0049] Referring to FIG. 4A, a gate pattern is formed with
a gate electrode 106, a gate line (not shown in FIG. 4A)
connected to the gate electrode 106, and a lower electrode
142 on a lower substrate 101.

[0050] The gate pattern is formed by depositing a gate
metal layer on the lower substrate 101 and patterning the
gate metal layer using a photolithography process and an
etching process. The gate metal layer can be made from at
least one or more of an alloy of aluminum (Al), molybde-
num (Mo), copper (Cu), chromium (Cr), titanium (Ti), and
combinations thereof. The gate metal layer also can be
formed as a single layer or multiple layers.

[0051] In FIG. 4B, a gate dielectric layer 112 is deposited
over the gate pattern on the lower substrate 101 and a first
common contact hole 132 defined by a plurality of openings
is formed through the gate dielectric layer 112 such that the
lower electrode 142 is exposed through the first common
contact hole 132.

[0052] The gate dielectric layer 112 is formed by depos-
iting an inorganic dielectric material such as SiN, and SiO,
on the lower substrate 101. The first common contact hole
132 is formed by patterning the gate dielectric layer 112
through photolithography etching processes such that the
lower electrode 142 is exposed through the first common
contact hole 132.
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[0053] As shown in FIG. 4C, after the first common
contact hole 132 is formed, an active layer 114 and an ohmic
contact layer 116 are formed on the gate dielectric layer 112
directly above the gate electrode 106 as a semiconductor
pattern. The semiconductor pattern is formed by sequen-
tially depositing an amorphous silicon layer and an N+ ion
doped amorphous silicon layer on the gate dielectric layer
112 and then patterning the deposited amorphous silicon
layer and the N+ ion doped amorphous silicon layer through
photolithography and etching processes.

[0054] As shown in FIG. 4D, a source/drain pattern
including a data line 104 crossing the gate line, a source
electrode 108 connected to the data line 104, a drain
electrode 110 facing the source electrode 108, and an
intermediate electrode 144 connected to the lower electrode
142 is formed on the gate dielectric layer 112 on which the
semiconductor pattern is formed.

[0055] The source/drain pattern is formed by depositing a
source/drain metal layer and then by patterning the source/
drain metal layer through the photolithography and etching
processes. The source/drain metal layer may be made of at
least one or more of an alloy of aluminum (Al). molybde-
num (Mo), copper (Cu), chromium (Cr), titanium (Ti), and
combinations thereof. The gate metal layer also can be
formed as a single layer or multiple layers. After forming the
source/drain pattern, the active layer 114 is exposed by
removing the ohmic contact layer 116 exposed between the
source and drain electrodes 108 and 110.

[0056] As shown in FIG. 4E, after exposing the active
layer 114, an inorganic protection layer 124 and an organic
protection layer 118 for covering the source/drain pattern are
sequentially deposited over the lower substrate 101. Layers
124 and 118 are then patterned through photolithography
and etching processes such that a pixel contact hole 120 for
partially exposing the drain electrode 110 and a second
common contact hole 134 for partially exposing the inter-
mediate electrode 144 are formed.

[0057] The inorganic protection layer 124 is formed by
depositing an inorganic dielectric material such as SiN, and
SiO, on the lower substrate 101 having the source/drain
pattern. The organic protection layer 118 is formed by
coating an organic dielectric material such as an acrylic resin
over the inorganic protection layer 124. The pixel contact
hole 120 and the second common contact hole 134 are
formed by patterning the inorganic and organic protection
layers 124 and 118 such that the drain electrode 110 and the
intermediate electrode 144 are exposed.

[0058] As shown in FIG. 4F, after the pixel contact hole
120 and the second common contact hole 134 are formed, a
transparent conductive pattern is formed on the organic
protection layer 118, the transparent conductive pattern
including a pixel electrode 122 connected to the drain
electrode 110 through the pixel contact hole 120 and an
upper electrode 146 connected to the intermediate electrode
144 through the second common contact hole 134.

[0059] The transparent conductive pattern is formed by
depositing a transparent conductive layer on the organic
protection layer 118 and then patterning the transparent
conductive layer through the photolithography and etching
processes. The conductive transparent layer is made, for
example, from one of ITO (Indium Tin Oxide), IZO (Indium
Zinc Oxide), and ITZO (Indium Tin Zinc Oxide).

[0060] As shown in FIG. 4G, the TFT substrate 160
having the gate pattern, the semiconductor pattern, the
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source/drain pattern, and the transparent conductive pattern
is bonded to the color filter substrate 150 so as to form an
LCD panel. The common pad 140 of the TFT substrate 160
is connected to the common electrode 152 of the color filter
substrate 150 through the short point 170.

[0061] The LCD panel of the present invention embodi-
ments may be adapted to a reflective or transflective LCD
device as well as the transmissive LCD device.

[0062] Although exemplary embodiments of the present
invention have been described in detail hereinabove, it
should be clearly understood that many variations and/or
modifications of the basic inventive concepts herein taught
which may appear to those skilled in the present art will still
fall within the spirit and scope of the present invention, as
defined in the appended claims.

[0063] As described above, the LCD panel and fabricating
method thereof according to the preset invention provides a
plurality of second common contact holes connecting an
intermediate electrode and an upper electrode of a common
pad, whereby it is possible to protect the common pad from
being cracked and protect the common pad from being
eroded by moisture permeating through cracks even when
the common pad being cracked.

What is claimed is:

1. A liquid crystal display panel, comprising:

a common electrode formed on an upper substrate; and

a common pad formed on a lower substrate facing the
upper substrate, the common pad supplying a common
voltage to the common electrode through a short point,
wherein the common pad further comprises:

a lower electrode formed on the lower substrate;

a first common contact hole formed through a gate
dielectric layer covering the lower electrode;

an intermediate electrode connected to the lower electrode
through the first common contact hole;

a plurality of second common contact holes formed
through an organic protection layer covering the inter-
mediate electrode; and

an upper electrode connected to the intermediate electrode
through the second common contact holes.

2. The liquid crystal display panel of claim 1, wherein the
second common contact holes are formed such that the
diameter of at least one of the common second contact holes
is smaller than that of the short point.

3. The liquid crystal display panel of claim 2, wherein the
organic protection layer is patterned to connect the interme-
diate electrode and the upper electrode through the plurality
of the second common contact holes.

4. The liquid crystal display panel of claim 3, further
comprising an inorganic protection layer formed below the
organic protection layer, the inorganic protection layer hav-
ing the same pattern as the organic protection layer.

5. The liquid crystal display panel of claim 1, wherein the
first common contact hole comprises a plurality of openings.

6. A method of fabricating a liquid crystal display panel,
the method comprising:

forming a color filter substrate including a common
electrode on an upper substrate;

forming a thin film transistor substrate including a com-
mon pad on a lower substrate facing the upper sub-
strate, the common pad having a lower electrode, a first
common contact hole formed through a gate dielectric
layer covering the lower electrode, an intermediate
electrode connected to the lower electrode through the
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first common contact hole, a plurality of second com-
mon contact holes penetrating an organic protection
layer covering the intermediate electrode, and an upper
electrode connected to the intermediate electrode
through the second common contact holes; and
bonding the color filter substrate to the thin film transistor
substrate such that the common electrode is electrically
connected to the common pad through a short point.
7. The method of claim 6, wherein the second common
contact holes are formed such that the diameter of at least
one of the second common contact holes is smaller than that
of the short point.

Jan. 31, 2008

8. The method of claim 7, further comprising forming an
inorganic protection layer below the organic protection
layer, the inorganic protection layer having the same pattern
as the organic protection layer.

9. The method of claim 6, wherein the first common
contact hole is formed as a plurality of openings.

10. The method of claim 6, wherein the organic protection
layer is patterned to connect the intermediate electrode and
the upper electrode through the plurality of the second
common contact holes.
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