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7) ABSTRACT

An LCD having a plurality of test pads applied with a
common voltage, covered with respective shielding conduc-
tor or located sufficiently far from pixels. A gate wire
including pluralities of gate lines and test pads disconnected
from the gate lines and located near one ends of the gate
lines, and a common e¢lectrode wire including a plurality of
common electrodes and a common electrode pad connected
to the common electrode electrodes are formed on a sub-
strate, and covered with a gate insulating film. A data wire
and a pixel electrode wire are formed thereon and covered
with a passivation film. The passivation film and the gate
insulating film have contact holes exposing the test pads and
the common electrode pad. A plurality of connecting mem-
bers which are connected to the test pads and the common
electrode pad through the contact holes are formed on the
passivation film. Alternatively, the passivation film and the
gate insulating layer have contact holes exposing only the
common electrode pad, and a plurality of shielding members
are provided on the passivation layer to be connected to the
common electrode pad and to cover the test pads. Alterna-
tively, the distance between the gate lines and the test pads
is equal to or larger than twice the width of the pixel.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display (written as LCD hereinafter), and more particularly,
to an LCD of coplanar electrode mode (referred to as CE
mode hereinafter) mode.

[0003] (b) Description of the Related Art

[0004] A CE mode LCD has a pair of panels, one of which
has pluralities of pixel electrodes and common electrodes
thereon. A plurality of liquid crystal molecules disposed
between the two panels are driven by horizontal electric field
generated by the pixel electrodes and the common elec-
trodes, thereby obtaining wide viewing angle.

[0005] A plurality of pixel areas, being defined by the area
enclosed by two adjacent gate lines and two adjacent data
lines, are arranged in a matrix in a display area of a lower
panel of a CE mode LCD. The pixel area has a switching
element electrically connected to the gate lines and the data
lines, a pixel electrode electrically connected to the switch-
ing element, and a common electrode cooperating with the
pixel electrode to generate horizontal electric field. In a
peripheral area, a plurality of gate pads connected to respec-
tive one ends of the gate lines, a plurality of data pads
connected to respective one ends of the data lines, and a
common electrode pad connecting the common electrodes of
the pixel regions.

[0006] Color filters of red (R), green (G) and blue (B), and
a black matrix between the color filters are formed on an
upper panel of the CE mode LCD opposite to the pixel areas
of the lower panel.

[0007] In the meantime, a panel test for inspecting cir-
cuital defects of the LCD is executed nearly before the
completion of the manufacturing process. As a preparation
for the panel test, during the manufacturing steps of the
LCD, one ends of the gate lines are connected together, and
a plurality of test pads are formed at the other ends of the
gate lines.

[0008] In the panel test, two gate lines are selected and a
test voltage is applied to the test pads of the selected gate
lines to inspect defects of the pixels connected to the two
gate lines. In this way, the panel test is executed on all the
gate lines.

[0009] After the panel test of the LCD, all the gate lines
are separated while the test pad are still remained.

[0010] The test pads connected to the gate lines are
applied with gate voltages during the operation of the LCD.
Since the gate off voltage (for example, -7 volts) is much
different from the common voltage (for example, 5 volts)
and the test pads have much larger width than the gate lines,
the electric field from the test pads distorts the fields in the
pixels adjacent to the test pads when the gate off voltage is
applied to the test pad. In addition, the electric field from the
test pads induces local polarization in the black matrix,
which is very different from that due to the electric fields in
the pixels, and thus significantly distorts the electric field in
the pixels, thereby causing light-leakage.

(2) Field of the Invention
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SUMMARY OF THE INVENTION

[0011] An object of the present invention is to realize more
stable image quality by minimizing light-leakage.

[0012] To achieve the above object, the present invention
disconnects test pads from gate lines and apply a common
voltage to the separated test pads, or covers test pads with
shielding members of the common voltage, or locates test
pads by a distance equal to or larger than twice the width of
the pixels.

[0013] According to the present invention, a liquid crystal
display includes a plurality of pixels, and each pixel has first
and second field generating electrodes for generating electric
fields to control liquid crystal materials. The LCD also
includes a first signal wire transmitting scanning signals to
the pixels and a second signal wire transmitting image
signals to the pixels. A plurality of test pads are provided for
inspecting defects of at least the first signal wire. The second
field generating electrodes is applied with a common volt-
age. According to the present invention, at least one of the
test pads is connected to the common voltage, or covered
with a shielding member applied with the common voltage,
or located away from the pixels adjacent to the test pad by
a distance equal to or larger than twice width of the pixels.

[0014] According to an aspect of the present invention, the
test pads are preferably disconnected from the gate lines, and
the first and the second field generating electrodes are
preferably located on the same side as the test pads.

[0015] The liquid crystal display according to the present
invention, each pixel may further include a switching ele-
ment connected to the first and the second signal wire and
the first field generating electrodes.

[0016] According to another aspects of the present inven-
tion, the distance between the test pad and the pixels
adjacent to the test pads is preferably equal to or larger than
200 microns.

[0017] A liquid crystal display panel according to an
aspect of the present invention includes a plurality of pixel
electrodes and a plurality of common electrodes on a sub-
strate. The pixel electrodes and the common electrodes
cooperate to generate electric fields for controlling liquid
crystal materials. Pluralities of gate lines and data line for
transmitting gate signals and data signals, respectively, are
provided on the substrate. A plurality of switching elements
are also provided and each switching elements is connected
to one of the gate lines, one of the data lines and one of the
pixel electrodes. A plurality of test pads are also formed on
the substrate near one ends of the gate lines. According to the
present invention, at least one of the test pads is applied with
the common voltage or covered with a shielding member of
the common voltage.

[0018] The test pads are preferably formed of the same
layer as the gate lines, and the test pads are disconnected to
the gate lines after the test pads are once connected thereto
for test of the panel. The LCD may further include a
common electrode pad connected to the common electrodes,
and it is preferable that the test pad is electrically connected
to the common electrode pad to be applied with the common
voltage. The LCD may further include a connecting member
connecting the test pad to the common electrode pad, and an
insulating layer covering the test pad and the common
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electrode pad. The insulating layer preferably has first and
second contact holes exposing the test pad and the common
electrode pad, respectively, and the connecting member is
connected to the test pad and the common electrode pad
through the first and the second contact holes, respectively.

[0019] The shielding member is preferably applied with
the common voltage. The LCD according to the present
invention may further include a common electrode pad
connected to the common electrodes, and the shielding
member is electrically connected to the common electrode
pad. Furthermore, the LCD may further include an insulat-
ing layer covering the test pad and the common electrode
pad and having a contact hole exposing the common elec-
trode pad, and the shielding member is preferably connected
to the common electrode pad through the contact hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and, together with the
description, serve to explain the principles of the invention.

[0021] FIG. 1 is a layout view showing a liquid crystal
display according to a first preferred embodiment of the
present invention,

[0022] FIG. 2 is a cross-sectional view of an LCD taken
along the line II-II' in FIG. 1,

[0023] FIG. 3 is a layout view showing a liquid crystal
display according to a second preferred embodiment of the
present invention; and

[0024] FIG. 4 is a cross-sectional view of an LCD taken
along the line IV-IV' in FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0025] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. In the drawings, the thickness
of layers and regions are exaggerated for clarity. Like
numerals refer to like elements throughout. It will be under-
stood that when an element such as a layer, 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. In contrast, when an element is referred to
as being “directly on” another element, there are no inter-
vening elements present.

[0026] FIG. 1is alayout view of a lower panel of a liquid
crystal display (written as LCD hereinafter) according to a
first preferred embodiment of the present invention, and
FIG. 2 is a cross-sectional view of the liquid crystal display
taken along the line II-IT' in FIG. 1.

[0027] The structure of an LCD according to a first
preferred embodiment of the present invention will be
hereinafter described in detail with reference to FIGS. 1 and
2.

[0028] As shown in FIG. 2, the LCD according to this
embodiment includes upper and lower panels 1 and 2 facing
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cach other, and, as shown in FIG. 1, is divided into two
regions, a display region and a peripheral region. For
convenience of description, FIGS. 1 and 2 show only the
portion near the boundary between the display region and
the peripheral region, and FIG. 1 shows only a lower panel
2.

[0029] First, the structure of the lower panel 2 is described
with reference to FIGS. 1 and 2.

[0030] In the display region of the lower panel 2, a gate
wire 22, 24 and 26 and a common electrode wire 27, 28 and
29, both having a dual-layered structure, are formed on a
lower substrate 100, and the dual layer includes a lower
metal layer 201 of chrome or molybdenum and an upper
metal layer 202 of aluminum.

[0031] The gate wire 22, 24 and 26 includes a plurality of
gate lines 22 extending in the transverse direction, a plurality
of gate pads (not shown) formed at one ends of the gate lines
22 for receiving gate signals from external driving circuits,
a plurality of gate electrodes 24 which are branches of the
gate lines 22, and a plurality of test pads 26 adjacent to but
separated from the other ends of the gate lines 22.

[0032] The gate lines 22 and the test pads 26 are formed
to be connected in the manufacturing process, but, as shown
in FIG. 1, are separated from each other after a defect test
of the LCD.

[0033] The common electrode wire 27, 28 and 29 includes
a plurality of common electrode lines 27 parallel to the gate
lines 22 and disposed between the gate lines 22, a plurality
of common electrode branches 28 diverging from the com-
mon electrode lines 27, and a common electrode pad 29
connecting the common electrode lines 27.

[0034] The gate wire 22, 24 and 26 and the common
electrode wire 27, 28 and 29 are covered with a gate
insulating film 30 of insulating material such as silicon
nitride.

[0035] A semiconductor pattern 42 of such as amorphous
silicon is formed on the gate insulating film 30, and an ohmic
contact layer 55 and 56 of semiconductor doped with
impurities, such as amorphous silicon doped with n type
impurities, is formed on the semiconductor pattern 42.

[0036] Adatawire 62,65 and 66 and a pixel electrode wire
67 and 68 made of conducting material are formed on the
gate insulating layer 30 and the ohmic contact layer 55 and
56.

[0037] The data wire 62, 65 and 66 includes a plurality of
data lines 62, a plurality of data pads (not shown), and
pluralities of source electrodes 65 and drain electrodes 66
separated from each other.

[0038] The data lines 62 extend in the longitudinal direc-
tion to intersect the gate lines 22, and the data pads for
receiving data signals from external driving circuits is
located at one ends of the data lines 62. The source elec-
trodes 65 are branches of the data lines 62, and the source
and the drain electrodes 65 and 66 are opposite with respect
to the gate electrodes 24 and contact two separated portions
55 and 56 of the ohmic contact layer, respectively.

[0039] The pixel electrode wire 67 and 68 includes a
plurality of pixel electrode lines 67 and a plurality of pixel
electrode branches 68 diverging from the pixel electrode
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lines 67. The pixel electrode lines 67 are parallel to the
common electrode lines 27 and connected to the drain
electrodes 66, while the pixel electrode branches 68 are
parallel to the common electrode branches 28.

[0040] The data wire 62, 65 and 66 and the pixel electrode
wire 67 and 68 are covered with a passivation film 70 of
insulating material such as silicon nitride.

[0041] A plurality of separating holes C for electrically
separating the gate lines 22 from the test pads 26 are
provided by the passivation film 70, the gate insulating film
30 and the gate lines 22. Moreover, pluralities of first contact
holes 72 and second contact holes 74 exposing the test pads
26 and the common pad 29, respectively, are provided by the
passivation film 70, the gate insulating film 30 and the upper
metal layers 202 of the test pads 26 and the common
electrode pad 29, respectively.

[0042] A plurality of connecting members 82 formed on
the passivation film 70 electrically connects the test pads 26
and the common electrode pad 29 through the first and
second contact holes 72 and 74.

[0043] A gate electrode 24, a source electrode 65 and a
drain electrode 66 form the three terminals of a TFT (thin
film transistor) with a channel formed by the semiconductor
layer.

[0044] The manufacturing process including the test of the
panel is now described with reference to FIGS. 1 and 2.

[0045] After the gate and the common electrode wires 22,
24, 26, 27, 28 and 29, the gate insulating film 30, the
semiconductor pattern 42, the ohmic contact layer 55 and
56, the data and the pixel electrode wire 62, 65, 66, 67 and
68 are formed, the passivation film 70 is deposited. A
photolithography process for defining the separating hole C,
and the first and the second contact holes 72 and 74 is
performed. Thereafter, the portions of the passivation film
70 and the gate insulating film 30 corresponding to the holes
C, 72 and 74 are removed to expose portions the upper layers
202 of the test pads 26 and the common electrode pad 29 as
well as the upper layer 202 at the separating hole C. At this
time, the gate lines 22 and the test pads 26 are still connected
to each other.

[0046] Thereafter, the test for detecting the defects of the
wires in the LCD panel is performed.

[0047] After the test, the exposed portions of upper layers
202 are then removed by using such as aluminum etchant to
expose the underlying lower layers 201. A conductive mate-
rial layer is deposited and patterned to form the connecting
members 82, and, at the same time, the exposed portion of
the lower layer 201 is removed to form the separating hole
C, thereby disconnecting the test pads 26 from the gate lines
22.

[0048] However, it is understood that the separation of the
gate lines 22 and the test pads 26 are performed by various
methods and procedures. Furthermore, the test may be taken
before forming contact holes 72 and 74 after the passivation
film 70 is deposited.

[0049] Next, the structure of the upper panel 1 is described
with reference to FIGS. 1 and 2.

[0050] On an upper substrate 200, a black matrix 210 of
opaque organic material and a plurality of color filters 220
are formed.
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[0051] The color filters 220 are opposite the pixel area of
the lower panel 2, and the black matrix 210 is disposed
between the color filters 220 and overlaps the color filters
220 in part.

[0052] A liquid crystal layer 3 is interposed between the
upper panel 1 and the lower panel 2.

[0053] To summarize, one of the feature of this embodi-
ment is that the test pads 26 are disconnected to the gate lines
22 and another is that the test pads 26 are connected to the
common electrode pad 29. The disconnection from the gate
lines 22 prevents the polarization of the black matrix 210 to
reduce the interference by the polarization. The connection
to the common electrode pad 29 causes the test pad 26 to be
applied with the common voltage, which is also applied to
the common electrode lines 27 and their branch electrodes
28, and thus the local polarization in the black matrix 210
due to the test pad 26 is similar to that due to common
electrode wire 27 and 28 in the pixels. Accordingly, there is
no distortion in the electric fields in the pixel near the test
pads 26, thereby reducing light-leakage.

[0054] FIG. 3 is a layout view of a lower panel of an LCD
according to a second preferred embodiment of the present
invention, and FIG. 4 is a cross-sectional view of the LCD
taken along the line IV-IV' in FIG. 3.

[0055] The structure of the LCD according to the second
preferred embodiment of the present invention is almost the
same as that according to the first embodiment, but differs
therefrom in that each test pad 26 is still connected to a
respective gate line 22 and fully covered with a respective
shielding conductor 84. Although the shielding conductors
84 are connected to a common electrode pad 29 via respec-
tive contact holes 74 as in the first embodiment, they are not
connected to the test pad 26, which is different from the first
embodiment, In this embodiment, since the contact holes 74
expose an upper layer 202 of the common electrode pad 29,
the shielding conductors 84 contact the upper layer 202.
However, the contact structure may be the same as that of
the first embodiment. In addition, the test pads 26 may be
disconnected to the gate lines 22 as in the first embodiment.

[0056] Accordingly, the electric field from the test pads
26, although applied with the gate voltages including the
gate off voltage, is blocked by the shielding conductors 84
and thus does not affect the field in the pixels adjacent to the
test pads 26.

[0057] Another alternative approach for reducing the
interference by the electric field from test pads is that, the
test pads, even though connected to gate lines, are located
sufficiently far from adjacent pixels.

[0058] More specifically, the distance between the test
pads and the pixels adjacent to the test pads are preferably
equal to or more than twice of the width of the pixel, for
example, 200 microns.

[0059] According to the present invention as described
above, light-leakage phenomena caused by distortion of
electric field is prevented and stable image quality is
obtained by disconnecting the test pads from the gate lines
and connecting them to the common voltage, by covering
the test pads with conductors of the common voltage, or
locating the test pads far from the adjacent pixels. Further-
more, the present invention can be also applied to the
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conventional LCD where two field generating electrode are
provided on the upper and the lower panels, respectively. In
this case, there is no polarization on the upper panel since the
upper panel is almost entirely covered with a single large
common electrode, and thus the advantage is less than the
CE mode LCD.

What is claimed is:
1. A liquid crystal display comprising:

a plurality of pixels, each pixel including first and second
field generating electrodes for generating electric fields
to control liquid crystal materials, the second field
generating electrodes applied with a common voltage;

a first signal wire transmitting scanning signals to the
pixels;

a second signal wire transmitting image signals to the
pixels; and

a plurality of test pads for inspecting defects of at least the
first signal wire, wherein at least one of the test pads is
connected to the common voltage, or covered with a
shielding member applied with the common voltage, or
located away from the pixels adjacent to the test pad by
a distance equal to or larger than twice width of the
pixels.

2. The liquid crystal display of claim 1, wherein the test

pads are disconnected from the gate lines.

3. The liquid crystal display of claim 1, wherein the first
and the second field generating electrodes are located on the
same side as the test pads.

4. The liquid crystal display of claim 1, wherein each
pixel further includes a switching element connected to the
first and the second signal wire and the first field generating
electrodes.

5. The liquid crystal display of claim 1, wherein the
distance between the test pad and the pixels adjacent to the
test pads is equal to or larger than 200 microns.

6. A liquid crystal display comprising:

a plurality of pixels, each pixel including first and second
field generating electrodes for generating electric fields
to control liquid crystal materials, the second field
generating electrodes applied with a common voltage;

a first signal wire transmitting scanning signals to the
pixels;

a second signal wire transmitting image signals to the
pixels; and

a plurality of test pads for inspecting defects of at least the
first signal wire, the test pads disconnected from the
first signal wire.

7. The liquid crystal display of claim 6, wherein the first

and the second field generating electrodes are located on the
same side as the test pads.
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8. A liquid crystal display panel comprising:
a substrate;
a plurality of pixel electrodes on the substrate;

a plurality of common electrodes of a common voltage on
the substrate, the common electrodes cooperating with
the pixel electrodes to generate electric fields for con-
trolling liquid crystal materials;

a plurality of gate lines on the substrate for transmitting
gate signals;

a plurality of date lines on the substrate for transmitting
data signals;

a plurality of switching elements, each connected to one
of the gate lines, one of the data lines and one of the
pixel electrodes; and

a plurality of test pads on the substrate near one ends of
the gate lines, wherein at least one of the test pads is
applied with the common voltage or covered with a
shielding member of the common voltage.

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

test pads are formed of the same layer as the gate lines.

10. The liquid crystal display of claim 9, wherein the test
pads are disconnected to the gate lines after the test pads are
once connected thereto for test of the panel.

11. The liquid crystal display of claim 10, further com-
prising a common electrode pad connected to the common
electrodes, and wherein the test pad is electrically connected
to the common electrode pad to be applied with the common
voltage.

12. The liquid crystal display of claim 11, further com-
prising a connecting member connecting the test pad to the
common electrode pad.

13. The liquid crystal display of claim 12, further com-
prising an insulating layer covering the test pad and the
common electrode pad and having first and second contact
holes exposing the test pad and the common electrode pad,
respectively, and wherein the connecting member is con-
nected to the test pad and the common electrode pad through
the first and the second contact holes, respectively.

14. The liquid crystal display of claim 9, wherein the
shielding member is applied with the common voltage.

15. The liquid crystal display of claim 14, further com-
prising a common electrode pad connected to the common
electrodes, and wherein the shielding member is electrically
connected to the common electrode pad.

16. The liquid crystal display of claim 15, further com-
prising an insulating layer covering the test pad and the
common electrode pad and having a contact hole exposing
the common electrode pad, and wherein the shielding mem-
ber is connected to the common electrode pad through the
contact hole.
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