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7) ABSTRACT

An array substrate for a fringe field switching mode liquid
crystal display, and the display are discussed. According to an
embodiment, the array substrate includes a display area
including pixel areas defined gate lines and data lines crossing
the gate lines, each pixel area including a switching thin film
transistor and a plate-shaped pixel electrode connected to the
switching thin film transistor, the display area of the display
further including a common electrode having openings in
correspondence with the pixel electrodes, the common elec-
trode being formed over the pixel electrodes throughout an
entire area of the display area; and first through fourth non-
display areas surrounding the display area and including pixel
areas surrounding the display area, wherein each test pixel
area includes a test thin film transistor and a test electrode
connected to the corresponding test thin film transistor.
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FIG. 3
Related Art
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ARRAY SUBSTRATE FOR FRINGE FIELD
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE

[0001] Thepresentapplication claims the priority benefit of
Korean Patent Application No. 10-2012-0022501 filed in
Republic of Korea on Mar. 5, 2012, which is hereby incorpo-
rated by reference in its entirety.

BACKGROUND
[0002] 2. Field of the Disclosure
[0003] The present disclosure relates to a Liquid Crystal

Display (LCD) device, and more particularly, to an array
substrate for a fringe field switching mode liquid crystal
display device, which enables measurement of the properties
of thin film transistors included in a display area of the display
device.

[0004] 2. Discussion of the Related Art

[0005] In general, a liquid crystal display (LCD) device is
driven using optical anisotropy and polarization of liquid
crystal molecules. Since liquid crystal molecules have a thin,
long molecular structure, an arrangement of the liquid crystal
molecules has directivity. Thus, when an electric field is
applied to the liquid crystals, the molecular arrangement
direction of the liquid crystals is changed.

[0006] Accordingly, by arbitrarily adjusting the molecular
arrangement direction of the liquid crystals, the molecular
arrangement of the liquid crystals is changed, and light is
refracted in the molecular arrangement direction of the liquid
crystals to thereby display image information.

[0007] An active matrix LCD (AM-LCD, hereinafter sim-
ply referred to as an LCD) in which thin film transistors and
pixel electrodes connected to the thin film transistors are
arranged in a matrix form has been attracting attention due to
its high resolution and excellent quality of fast moving
images.

[0008] The LCD generally includes a color filter substrate
in which a common electrode is formed, an array substrate in
which pixel electrodes are formed, and liquid crystals filled
between the color filter substrate and the array substrate. The
common electrodes and the pixel electrodes drive liquid crys-
tals by an electric field applied in an up-down direction ther-
ebetween. The LCD has an excellent light transmission rate
and aperture ratio.

[0009] However, in the general LCD, liquid crystal driving
by an electric field applied in the up-down direction becomes
a factor for deteriorating a viewing angle property. In order to
overcome this disadvantage, an in-plane switching mode
LCD having an excellent viewing angle has been proposed.
[0010] Hereinafter, a general in-plane switching mode
LCD will be described in detail with reference to FIG. 1.
[0011] FIG. 1 is a cross-sectional view of the general in-
plane switching mode LCD.

[0012] As shown in FIG. 1, an upper substrate 9 which is a
color substrate is spaced apart from a lower substrate 10
which is an array substrate, and faces the lower substrate 10.
A liquid crystal layer 11 is inserted between the upper and
lower substrates 9 and 10.

[0013] On the lower substrate 10, a common electrode 17
and a pixel electrode 30 are formed on the same surface, and
the liquid crystal layer 11 is driven by a horizontal electric
field L formed by the common electrode 17 and the pixel
electrode 30.
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[0014] FIGS. 2A and 2B are views for explaining opera-
tions when the in-plane switching mode LCD of FIG. 1 is
turned on and off, respectively.

[0015] First, referring to FIG. 2A showing an arrangement
of liquid crystal molecules when a voltage is applied to the
in-plane switching mode LCD, the arrangement of liquid
crystal molecules 11a positioned at locations corresponding
to or directly above the common electrode 17 and the pixel
electrode 30 does not change, whereas liquid crystal mol-
ecules 115 positioned between the common electrode 17 and
the pixel electrode 30 are arranged by a horizontal electric
field L formed by the common electrode 17 and the pixel
electrode 30 in the direction of the horizontal electric field L.
In other words, the in-plane switching mode LCD can achieve
a wide viewing angle since the liquid crystals are moved by
the horizontal electric field.

[0016] Therefore, images can be viewed even at angles of
about 80° to 89° with respect to the front of the in-plane
switching mode LCD, without causing image inversions.
[0017] Then, referring to FIG. 2B showing an arrangement
of liquid erystal molecules when no voltage is applied to the
in-plane switching mode LCD so that the in-plane switching
mode LCD is turned off, since no horizontal electric field is
formed between the common electrode 17 and the pixel elec-
trode 30, the arrangement of the liquid crystal molecules 11
does not change.

[0018] The in-plane switching mode LCD, however, has a
low transmission rate and aperture ratio although it can pro-
vide an improved viewing angle. In order to overcome these
disadvantages of the in-plane switching mode LCD, a fringe
field switching mode LCD in which liquid crystals are driven
by a fringe field has been proposed.

[0019] FIG. 3 is a cross-sectional view of an array substrate
41 for a fringe field switching mode LCD according to a
related art, cut along a line crossing the center portion of a
pixel area of the LCD.

[0020] As shown in FIG. 3, the array substrate 41 for the
fringe field switching mode LCD includes a plurality of pixel
areas P, a gate line (not shown), and a data line 47, wherein the
plurality of pixel areas P are defined by intersections of the
upper parts and the lower parts with a gate insulating film 45
therebetween. In each pixel area, a thin film transistor Tr
connected to the gate line and the data line 47 is formed. Also,
in each pixel area on the gate insulating film 45, a plate-
shaped pixel electrode 55 is formed to contact the drain elec-
trode 51 of the thin film transistor Tr. The pixel electrode 55
is formed on the same layer as the data line 47, that is, on the
gate insulating film 45, and is spaced a predetermined dis-
tance from the data line 47 in order to prevent a short with the
data line 47.

[0021] Also, a protection layer 60 is formed on the data line
47 and the pixel electrode 55 throughout the entire display
area, and a common electrode 65 is formed on the entire
surface of the protection layer 60. The common electrode 65
has a plurality of bar-shaped openings oa, which are spaced a
predetermined distance from each other in correspondence
with the individual pixel areas.

[0022] The array substrate 41 for the fringe field switching
mode LCD, as described above, should be tested to determine
if each thin film transistor Tr has any defect and to check the
properties of the thin film transistor Tr. However, since the
common electrodes 65 are formed throughout the entire dis-
play area, it is not possible to check the properties of the thin
film transistor Tr included in the pixel areas configuring the
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display area of the LCD. Further, it is not possible to check
whether or not a corresponding gate or data line connected to
a plurality of the thin film transistors Tr’s is properly func-
tioning or formed.

[0023] More specifically, in order to check the properties of
the thin film transistor Tr included in each pixel area of the
array substrate 41, a gate signal voltage and a data signal
voltage need to be supplied to the gate electrode 43 and the
source electrode 49, respectively, to drive the thin film tran-
sistor Tr, and also a signal voltage or current changing accord-
ing to a data signal voltage supplied through the drain elec-
trode 51 needs to be output.

[0024] However, inthe array substrate 41 for the fringe field
switching mode LCD according to the related art, as
described above, since the drain electrode 51 of the thin film
transistor Tr is connected to the pixel electrode 55 and the
pixel electrode 55 is covered by the protection layer 60 and
the common electrode 65, it is not possible to make a contact
with the drain electrode 51 or with the pixel electrode 55
contacting the drain electrode 51 even when the data signal
and the gate signal are respectively applied through the data
line 47 and the gate line connected to the thin film transistor
Tr. As a result, it is not possible to measure outputs from the
thin film transistor TR formed in each pixel area P included in
the display area of the LCD.

[0025] Accordingly, in the case of the array substrate 41 for
the fringe field switching mode LCD according to the related
art, a test for checking the properties of the thin film transistor
Tr is not possible due to the structural configuration of the
LCD.

SUMMARY OF THE INVENTION

[0026] Accordingly, the present invention is directed to a
display device that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

[0027] An object of the present disclosure is to provide an
array substrate fora fringe field switching mode liquid crystal
display (LCD), which enables measurement of the properties
of each thin film transistor included in a display area of the
LCD.

[0028] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0029] To achieve these and other advantages in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, provided is an array substrate
for a fringe field switching mode liquid crystal display, in
which a display area including a plurality of pixel areas
defined by a plurality of gate lines and a plurality of data lines
crossing the plurality of gate lines, and first through fourth
non-display areas surrounding the display area are defined,
each pixel area including a switching thin film transistor and
aplate-shaped pixel electrode connected to the switching thin
film transistor, and a common electrode having a plurality of
bar-shaped openings in correspondence with the pixel elec-
trode is formed over the pixel electrode throughout the entire
area of the display area, wherein the first through fourth
non-display areas include a plurality of test pixel areas sur-
rounding the display area, and each test pixel area includes a
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test thin film transistor and a test electrode, wherein the test
electrode is connected to the test thin film transistor, formed
on the same layer as the common electrode, made of the same
material as the common electrode, and spaced apart from the
common electrode.

[0030] According to an embodiment, the present invention
provides an array substrate for a fringe field switching mode
liquid crystal display, the array substrate comprising: a dis-
play area including a plurality of pixel areas defined by a
plurality of gate lines and a plurality of data lines crossing the
plurality of gate lines, each pixel area including a switching
thin film transistor and a plate-shaped pixel electrode con-
nected to the switching thin film transistor, the display area of
the fringe field switching mode liquid crystal display further
including a common electrode having a plurality of bar-
shaped openings in correspondence with the pixel electrodes,
the common electrode being formed over the pixel electrodes
throughout an entire area of the display area; and first through
fourth non-display areas surrounding the display area,
wherein the first through fourth non-display areas include a
plurality of test pixel areas surrounding the display area,
wherein each test pixel area includes a test thin film transistor
and a test electrode connected to the corresponding test thin
film transistor, and wherein each test electrode is formed on a
same layer as the common electrode, is made of a same
material as the common electrode, and is spaced apart from
the common electrode.

[0031] According to an embodiment, the present invention
provides an array substrate for a fringe field switching mode
liquid crystal display, the array substrate comprising: a dis-
play area including a plurality of pixel areas for displaying
images, the pixel areas including a plurality of switch thin
film transistors; and at least one non-display area surrounding
in part the display area, the at least one non-display area
including a row or column of test pixel areas, each of the test
pixel areas including a test thin film transistor and a test
electrode connected to the test thin film transistor, wherein a
testing of the test pixel areas is used to detect a defect in the
switch thin film transistors.

[0032] According to an embodiment, the present invention
provides a fringe field switching mode liquid crystal display,
comprising: an array substrate including a display area for
displaying images; a color filter substrate including a color
filter layer and a black matrix layer; and a liquid crystal layer
between the array substrate and the color filter substrate,
wherein the array substrate includes: the display area includ-
ing a plurality of pixel areas for displaying the images, the
pixel areas including a plurality of switch thin film transistors;
and at least one non-display area surrounding in part the
display area, the at least one non-display area including a row
or column of test pixel areas, each of the test pixel areas
including a test thin film transistor and a test electrode con-
nected to the test thin film transistor, and wherein a testing of
the test pixel areas is used to detect a defect in the switch thin
film transistors.

[0033] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
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illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0035] FIG.1isacross-sectional view ofa general in-plane
switching mode liquid crystal display (LCD);

[0036] FIGS. 2A and 2B are views for explaining opera-
tions when the in-plane switching mode LCD of FIG. 1 is
turned on and off, respectively;

[0037] FIG. 3is a cross-sectional view of an array substrate
for a fringe field switching mode LCD according to a related
art, cut along a line crossing the center portion of a pixel area
of the LCD.

[0038] FIG. 4 is a plane view of an array substrate for a
fringe field switching mode LCD according to an embodi-
ment of the present invention;

[0039] FIG. 5 is an enlarged view of an area A of FIG. 4
according to an embodiment of the present invention;
[0040] FIG. 6 is an enlarged view of an area B of FIG. 4
according to an embodiment of the present invention;
[0041] FIG. 7 is a cross-sectional view of a pixel area in a
display area in the array substrate for the fringe field switch-
ing mode LCD shown in FIG. 4, cutalong a line VI-VI of FIG.
5

[0042] FIG. 8 is a cross-sectional view of a pixel area for a
test in the array substrate for the fringe field switching mode
LCD shown in FIG. 4, cut along a line VIII-VIII of FIG. 6;
[0043] FIG. 9 is a cross-sectional view of the fringe field
switching mode LCD according to the embodiment of the
present invention; and

[0044] FIG.10is a schematic view of the array substrate of
the fringe field switching mode LCD including dummy pixel
areas according to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0046] FIG. 4 isa plane view of an array substrate 101 for
a fringe field switching mode LCD according to an embodi-
ment of the present invention. In FIG. 4, a display area AA for
displaying images and non-display arcas NA1-NA4 sur-
rounding the display area AA are shown together. FIGS. Sand
6 are enlarged views of an area A and an area B of FIG. 4,
respectively. For convenience of description, an area in which
a thin film transistor Tr, which is a switching device in each
pixel area P, is formed is defined as a switching area TrA, and
the non-display areas are defined as first through fourth non-
display areas NA1 through NA4, wherein the first and third
non-display areas NA1 and NA3 are adjacent to the left and
right edges of the display area AA and the second and fourth
non-display areas NA2 and NA4 are adjacent to the top and
bottom edges of the display area AA of the LCD.

[0047] Asshownin the drawings, the display area AA ofthe
array substrate 101 for the fringe field switching mode LCD
includes a plurality of gate lines 105 and a plurality of data
lines 130. The gate lines 105 are spaced apart from each other
at certain intervals and extend parallel to each other. The data
lines 130 are spaced apart from each other at certain intervals
and extend parallel to each other. The gate lines 105 extend in
a first direction and are made of a low-resistance metal mate-
rial, for example, at least one material selected among alumi-
num (Al), an aluminum alloy such as aluminum-neodymium
(AINd), copper (Cu), a copper alloy, molybdenum (Mo), and
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molybdenum titanium (MoTi). The data lines 130 are made of
a low-resistance material, extend in a second direction gen-
erally or substantially perpendicular to the first direction, and
cross the gate lines 105 to define a plurality of pixel areas P.
instance, the gate and data lines 105 and 130 cross each other
perpendicularly to each other to form a matrix configuration
in which the pixel areas P are provided.

[0048] The gate lines 105 and the data lines 130 extend to
the non-display areas NA1 through NA4. One ends of the gate
lines 105 are connected to a plurality of gate pad electrodes
GP. respectively, and one ends of the data lines 130 are con-
nected to a plurality of data pad electrodes DP, respectively.
The gate pad electrodes GP and the data pad electrodes DP are
connected to driving circuit ICs (D-ICs).

[0049] As part of an advantageous configuration of the
array substrate 101 for the fringe field switching mode LCD,
the first and third non-display areas NA1 and NA3 include
data lines for a test, that is, first and second test data lines
IDL1 and IDL2, respectively. The first and second test data
lines IDL1 and IDL.2 are formed parallel to the data lines 130.
Also, the second and fourth non-display areas NA2 and NA4
include gate lines for a test, that is, first and second test gate
lines IGL1 and IGL2, respectively. Likewise, the first and
second test gate lines IGL1 and IGL.2 are formed parallel to
the gate lines 105.

[0050] The first and second test gate lines IGL.1 and IGL.2
are connected to first and second test pad electrodes IP1 and
P2, respectively, and the first and second test data lines IDL1
and IDL2 are connected to third and fourth test pad electrodes
1P3 and P4, respectively.

[0051] Meanwhile, each pixel area P in the display area AA
includes semiconductor layers and a switching thin film tran-
sistor STr, wherein the semiconductor layers are connected to
a corresponding gate line 105 and a corresponding data line
130. The switching thin film transistor STr includes a gate
electrode 107, a gate insulating film, an active layer 120a
made of pure amorphous silicon, and an ohmic contact layer
made of impure amorphous silicon. The switching thin film
transistor STr further includes source and drain electrodes
133 and 136a spaced apart from each other. That is, at each
intersection of the gate and data lines 105 and 130, the switch-
ing thin film transistor STr is provided such that a plurality of
the switching thin film transistors STr are provided in parallel
rows and columns in the display area AA.

[0052] Also, each pixel area P includes a plate-shaped pixel
electrode 125 contacting the drain electrode 136 of the
switching thin film transistor STr.

[0053] As part of the advantageous configuration of the
array substrate 101 for the fringe field switching mode LCD,
the non-display areas NA1, NA2, NA3, and NA4 include a
plurality of test thin film transistors ITr1, ITr2, ITr3, and 1Tr4
formed at intersections of the first and second test gate lines
IGL1 and IGI.2 and the data lines 130 and at intersections of
the first and second test data lines IDL1 and IDL2 and the gate
lines 105. The test thin film transistors ITr1, ITr2, ITr3, and
ITr4 each have the same configuration as the switching thin
film transistor STr included in each pixel area P.

[0054] Particularly, a plurality of (or a column of) the test
thin film transistor ITrl, ITr1, ITr1, . . . are provided at the
intersections of the first test data line IDL1 and each of the
gate lines 105. Similarly, a plurality of (or a column of) the
test thin film transistors ITr3, ITr3, ITr3, . . . are provided at
the intersections of the second test data line IDL.2 and each of
the gate lines 105. Further, a plurality of (or a row of) the test
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thin film transistors 1Tr2, ITr2, ITr2, . . . are provided at the
intersections of the first test gate line IGL1 and each of the
data lines 130. Similarly, a plurality of (or a row of) the test
thin film transistors [Tr4, 1Tr4, ITr4, . . . are provided at the
intersections of the second test gate line IGL.2 and each of the
data lines 130. As a result, the gate electrodes of the first and
third test thin film transistors ITrl and ITt3 included in the
first and third non-display areas NA1 and NA3 are respec-
tively connected to the plurality of gate lines 105 included in
the display area. The source electrodes of the second and
fourth test thin film transistors [Tr2 and [Trd included in the
second and fourth non-display areas NA2 and NA4 are
respectively connected to the plurality of data lines 130
included in the display area.

[0055] Accordingly, in the array substrate 101 for the fringe
field switching mode LCD according to the present invention,
the plurality of test thin film transistors ITr each connected to
a gateline 105 and a data line 130 are formed in such a manner
to surround the display area AA.

[0056] That is, groups of the test thin film transistors ITrare
formed at the left side of the leftmost pixel area P of each gate
line 105, at the right side of the rightmost pixel area P of each
gate line 105, above the top pixel area P of each data line 130,
and below the bottom pixel area P of each data line 130,
respectively.

[0057] All the test thin film transistors included in the first
non-display area NA1 (hereinafter referred to as first test thin
film transistors 1Tr1) are connected to the first test data line
IDL1 and the third test pad electrode IP3 connected to the first
test data line IDL1. All the test thin film transistors included
in the second non-display area NA2 (hereinafter referred to as
second test thin film transistors I'Tr2) are connected to the first
test gate line IGL1 and the first test pad electrode IP1 con-
nected to the first test gate line IGL1. All the test thin film
transistors included in the third non-display area NA3 (here-
inafter referred to as third test thin film transistors ITt3) are
connected to the second test data line IDL2 and the fourth test
pad electrode TP4 connected to the second test data line IDL2.
All the test thin film transistors included in the fourth non-
display area NA4 (hereinafter referred to as fourth test thin
film transistors 1Tr4) are connected to the second test gate line
IGL2 and the second test pad electrode IP2 connected to the
second test gate line IGL2.

[0058] Meanwhile, in each pixel area P of the display area
AA, a plate-shaped transparent common electrode 170,
which has a plurality of bar-shaped openings op in correspon-
dence with the pixel electrode 125, faces the pixel electrode
125 with a protection layer interposed between the pixel
electrode 125 and the common electrode 170. The protection
layer can be made of an insulating material.

[0059] The common electrode 170 is formed in correspon-
dence with the pixel areas P of the display area AA, and no
common electrode is formed in the non-display areas NA1
through NA4 including the test thin film transistors 1Trl
through ITrd4.

[0060] In the non-display areas NA1 through NA4 as
shown in FIG. 6, test electrodes 175 are formed on the pro-
tection layer in correspondence with the test thin film transis-
tors ITrl through ITr4, and respectively connected to the
drain electrodes 1365 of the test thin film transistors ITrl
through ITr4. The test electrodes 175 are made of the same
material as the transparent common electrode 170 and each
test electrode 175 preferably has the same shape as the pixel
electrode 125 included in each pixel area P.
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[0061] Referring to FIG. 6, each test pixel area IPA having
atest electrode 175 may have the same size and dimensions as
each pixel area P included in the display area AA, and the
distance between two immediately neighboring test pixel
areas [PA can be the same as the distance between two imme-
diately neighboring pixel areas p in the display area AA. Also,
in the first and third non-display areas NA1 and NA3, the
distance between two immediately neighboring test pixel
areas IPA (disposed in a column shape) may be the same as
the distance between two immediately neighboring gate lines
105. Similarly, in the second and fourth display areas NA2
and NA4, the distance between two immediately neighboring
test pixel areas IPA (disposed in a row shape) may be the same
as the distance between two immediately neighboring data
lines 130. As a variation, a width in a gate line direction of
each test pixel area included in the first and third non-display
areas can be equal to or narrower than a width in the same gate
line direction of each pixel area included in the display area.
Further, a width in a data line direction of the test pixel area
included in the second and fourth non-display areas can be
equal to or narrower than the width in the same data line
direction of the pixel area included in the display area. In an
example, awidth of a space between one test pixel area and an
adjacent pixel area in a specific direction can be equal to or
narrower than a width of a space between two adjacent pixel
areas in the same specific direction. On the other hand, a
width of a space between one test pixel area and an adjacent
pixel area in another direction which is perpendicular to that
specific direction can be equal to or narrower than a width of
a space between two adjacent pixel areas in the same another
direction.

[0062] Meanwhile, the protective layer 160 is formed
between the drain electrodes 1365 of the test thin film tran-
sistors ITr1 through I'Tr4 and the test electrodes 175, and the
drain electrode 1365 of each of the test thin film transistors
ITr1 through 1Tr4 contacts the corresponding test electrode
175 through its drain contact hole 165 exposing the corre-
sponding drain electrode 1362.

[0063] Accordingly, due to the above-described configura-
tion of the array substrate 101 for the fringe field switching
mode LCD, all of the first test thin film transistors ITrl
included in the first non-display area NA1 are turned on by a
data signal voltage supplied through the third test pad elec-
trode TP3 and a gate signal voltage supplied through each of
the gate lines 105. By contacting a probe pin to the test
electrode 175 connected to the first test thin film transistor
ITr1, the properties of the first test thin film transistor I'Tr1 and
thus its test pixel area can be output and checked. Checking
one test electrode 175 of the first test thin film transistor 1Trl
as discussed above indicates whether or not the correspond-
ing gate line is properly formed/functioning.

[0064] Also, all of the second test thin film transistors ITr2
included in the second non-display area NA2 are turned on by
a gate signal voltage supplied through the first test pad elec-
trode IP1 and a data signal voltage supplied through each of
the data lines 130. By contacting a probe pin to atest electrode
175 connected to a second test thin film transistor 1Tr2, the
properties of the second test thin film transistor [Tr2 and thus
its test pixel area can be output and checked. Checking one
testelectrode 175 of the second test thin film transistor ITr2 as
discussed above indicates whether or not the corresponding
data line is properly formed/functioning.

[0065] Likewise, all of the third and fourth test thin film
transistors 1Tr3 and ITr4 included in the third and fourth
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non-display areas NA3 and NA4, respectively, are turned on
by signal voltages supplied through the fourth test pad elec-
trode TP4 and each of the gate lines 105, and through the
second test pad electrode IP2 and each of the data lines 130,
respectively. By contacting a probe pin to the test electrode
175 connected to the third or fourth test thin film transistor
1Tr3 or ITr4, the properties of the third or fourth test thin film
transistor [Tr3 or [Tr4 and thus its test pixel area can be output
and checked. Checking one test electrode 175 of the third or
fourth test thin film transistor ITt3 or ITr4 as discussed above
indicates whether or not the corresponding gate line or data
line is properly formed/functioning.

[0066] Therefore, in the array substrate 101 for the fringe
field switching mode LCD, it is possible to determine if a row
or column of switching thin film transistors STrs included in
the display area AA has any defect and measure the properties
of the switching thin film transistors STrs when the common
electrode 170 has been completely formed.

[0067] Furthermore, in the array substrate 101 for the fringe
field switching mode LCD, since a plurality of test pixel areas
that are used to measure and output the properties of the thin
film transistors are formed adjacent to the beginning and end
pixels of horizontal and vertical pixel lines connected to the
gate lines 105 and the data lines 130, it is possible to check
differences and distribution in pixels” output properties of the
upper, lower, left, and right portions of the display area AA.
Also, the results of this checking can be reflected and applied
to the manufacturing process of other LCDs, which contrib-
utes to the quality improvement of the array substrate 101.
[0068] According to amodified embodiment of the present
invention, referring to FIG. 10, a plurality of dummy pixel
areas DPA having the same components as the pixel areas P
may be formed between the test pixel areas IPA and the
display area AA to surround the display area AA. For
instance, a dummy pixel area DPA having a certain width may
be provided between each of the test pixel areas IPA and the
display area AA. Such dummy pixel areas DPA may include
no common electrode, or only a part of the dummy pixel areas
DPA may include the common electrode 170.

[0069] Onereason for forming the dummy pixel areas DPA
between the test pixel areas IPA and the pixel areas P is to
prevent a short between the common electrode 170 and the
test electrodes 175 both formed on the same layer (e.g., the
protective layer 160), through the dummy pixel areas DPA.
That is, by including dummy pixel areas DPA having a width
greater than a predetermined fabrication tolerance range of a
dummy pixel area DPA (if provided), it is possible to prevent
the test electrodes 175 from contacting the common electrode
170, thereby avoiding an electric short between the test elec-
trodes 175 and the common electrode 170 and avoiding a
fabrication error. For instance, the dummy pixel area DPA can
have a width of one pixel area of the display area.

[0070] Hereinafter, a cross-sectional structure of the array
substrate 101 for the fringe field switching mode LCD
according to an embodiment will be described.

[0071] FIG. 7 s across-sectional view of a pixel areain the
display area AA in the array substrate 101 for the fringe field
switching mode LCD shown in FIG. 4, cut along a line VI-VI
of FIG. 5, and FIG. 8 is a cross-sectional view of a pixel area
for a test in the array substrate 101 for the fringe field switch-
ing mode LCD shown in FIG. 4, cut along a line VIII-VIII of
FIG. 6. For convenience of description, areas in which the
switching thin film transistors STr and the test thin film tran-
sistors ITr are formed in the pixel areas P and the test pixel
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areas IPA, respectively, are referred to as switching areas TrA.
Since each test thin film transistor ITr included in the switch-
ing areas TrA of the test pixel areas IPA has substantially the
same components as each switching thin film transistor STr
included in the switching areas TrA of the pixel areas P, the
components of the switching thin film transistor STr and the
test thin film transistor ITr are allocated the same reference
numbers except for their drain electrodes. The drain electrode
of the switching thin film transistor STr is denoted by 1364,
and the drain electrode of the test thin film transistor ITr is
denoted by 1365.

[0072] As shown in the drawings, the gate electrode 107 is
formed in each switching area TrA on the transparent insu-
lating substrate 101. The gate lines (105 of FIG. 4) in the pixel
areas P and the gate electrodes 107 included in the first and
third test pixel areas IPA are formed respectively in the dis-
play area AA and the first and third non-display areas (NA1
and NA3 of FIG. 4). The first and second test gate lines (IGL1
and IGL2 of FIG. 4) connected to the gate electrodes 107
included in the second and fourth test pixel areas IPA are
formed in the second and fourth non-display areas (NA2 and
NA4 of FIG. 4)

[0073] Inanexample, the gatelines (105 of FIG. 4), the first
and second test gate lines (IGL1 test IGL2 of FIG. 4), and the
gate electrodes 107 have a single layer structure made of a
metal material having a low resistance, for example, a metal
material selected from among aluminum (Al), an aluminum
alloy such as aluminum-neodymium (AINd), copper (Cu), a
copper alloy, molybdenum (Mo), and molybdenum titanium
(MoTi), or have a multi-layer structure made of two or more
materials selected from among the above-mentioned materi-
als. In the drawings, an example of a single layer structure is
shown for the sake of brevity.

[0074] Then, the gate insulating film 110 made of a nonor-
ganic insulating material, e.g., silicon oxide (Si10,) or silicon
nitride (SiN, ) is formed on the gate lines (105 of FIG. 4), the
firstand second test gate lines (IGL1 and IGL2 of FIG. 4), and
the gate electrodes 107 throughout the entire area of the
substrate 101.

[0075] Also, the plate-shaped pixel electrodes 125 are
formed in correspondence with the pixel areas P (in corre-
spondence with the pixel areas P and the dummy pixel areas
(DPA of FIG. 10) in the case of the modified embodiment)
included in the display area AA, on the gate insulating film
110. The test pixel areas IPA include no pixel electrode 125
since they include the test electrodes 175.

[0076] Then, in each switching area TrA on the gate insu-
lating film 110, semiconductor layers 120 composed of an
active layer 120a made of pure amorphous silicon and ohmic
contact layers 1205 made of impure amorphous silicon are
formed in correspondence with each gate electrode 107. The
ohmic contact layers 1205 are formed onthe active layer 120a
and spaced apart from each other to expose the center part of
the active layer 120¢.

[0077] Also, in the switching area TrA, a source electrode
133 and either a drain electrode 136a or 1366 are formed on
the semiconductor layers 120, specifically, on the ohmic con-
tact layers 1205 spaced apart from each other, in a manner to
expose the center part of the active layer 120a. In each pixel
area P included in the display area AA and in each dummy
pixel area of the modified example discussed above, the drain
electrode 136a is formed in the corresponding switching area
TrA and extends to contact the pixel electrodes 125 included
in the pixel area P and the dummy pixel area.
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[0078] Since no pixel electrode 125 is formed in any of the
test pixel areas IPA included in the non-display areas NA1
through NA4 and since the drain electrodes 1365 are provided
in the test pixel areas IPA, the drain electrodes 1364 of the test
pixel areas TPA contact no pixel electrode 125. In the case of
the drain electrode 1365 included in each test pixel area IPA,
adrain contact hole 165 is formed in or through the protection
layer 160 covering the drain electrode 136, and the drain
electrode 1365 has a larger area than the drain electrode 136a
included in each pixel electrode P so that the drain electrode
1364 extends near the center part of the test pixel area IPA.
That is, since the test pixel area IPA does not need to form
images, the wide area of the drain electrode 1365 does not
influence an aperture ratio, etc. As shown in FIG. 8, the drain
contact hole 165 for each of the test thin film transistors is
formed through the protective layer 160 covering the drain
electrode 1364, and exposes a portion of the drain electrode
1365. The test electrode 175 formed directly on the protective
layer 160 is in contact with the drain electrode 1365 through
the drain contact hole 165.

[0079] Also, in the display area AA and the second and
fourth non-display areas (NA2 and NA4 of FIG. 4) on the gate
insulating film 110, the data lines 130 connected to the source
electrodes 133 included in the pixel areas P and the second
and fourth test pixel areas IPA are formed. In the first and third
non-display areas (NA1 and NA3 of FIG. 4), the first and
second test data lines IDL.1 and IDL2 connected to the source
electrodes 133 included in the first and second test pixel areas
IPA are formed.

[0080] Meanwhile, in each switching area TrA, the gate
electrode 107, the gate insulating film 110, the semiconductor
layers 120, the source electrode 133, and the drain electrode
136a or 136b spaced apart from the source electrode 133,
which have been sequentially or otherwise applied, form the
thin film transistors STr and ITr.

[0081] Then, the protection layer 160 is formed on the thin
film transistors STr and ITr and the pixel electrodes 125, in
correspondence with the entire display area AA and the test
pixel areas IPA of the non-display areas (NA1 through NA4 of
FIG. 4). The protection layer 160 is made of a nonorganic
insulating material, for example, silicon oxide (SiO,) or sili-
con nitride (SiN,), or an organic insulating material, for
example, benzocyclobutene (BCB) or photo acryl. The pro-
tection layer 160 may be formed as a double layer structure
made of a nonorganic insulating material and an organic
insulating material.

[0082] Inthe drawings, an example in which the protection
layer 160 has a single layer structure made of an organic
insulating material to form a flat surface is shown for the sake
of brevity.

[0083] As part of the advantageous configuration of the
array substrate 101 for the fringe field switching mode LCD
according to the present invention, the drain contact hole 165
is formed in the protection layer 160, in correspondence with
each test pixel area IPA, to expose the drain electrode 1365 of
the test thin film transistor ITr.

[0084] Then, the transparent common electrode 170 is
formed in a plate form on the protection layer 160, in corre-
spondence with the entire area of the display area AA. The
common electrode 170 can be made of a transparent conduc-
tive material, for example, indium-tin-oxide (ITO) or indium-
zinc-oxide (IZ0). The common electrode 170 has a plurality
of bar-shaped openings op in correspondence with each pixel
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area Pincluded in the display area AA, and more specifically,
in correspondence with each pixel electrode 125.

[0085] Also, in the non-display areas (NA1 through NA4 of
FIG. 4) surrounding the display area AA, the test electrode
175 is formed on the protection layer 160 in correspondence
with each test pixel area IPA. The test electrodes 175 are
preferably made of the same material as the common elec-
trode 170, and are spaced apart from the common electrode
170. Each test electrode 175 contacts the drain electrode 1365
of the corresponding test thin film transistor ITr through the
drain contact hole 165 formed above the drain electrode 1365.
The test electrode 175 of each test pixel area IPA is electri-
cally isolated from the test electrodes 175 of other test pixel
areas [PA.

[0086] As described above, by forming the test electrodes
175 connected to the test thin film transistors ITr at the edge
parts of the array substrate 101 for the fringe field switching
mode LCD and applying signal voltages to the thin film
transistors [Tr through the test electrodes 175, signals includ-
ing the properties of the thin film transistors ITr can be output
and checked, thereby testing the thin film transistors ITr. The
testing of all the test electrodes 175 can be performed simul-
taneously, selectively, independently, sequentially, in groups,
or in any other manner.

[0087] Also, by forming the plurality of test pixel areas TPA
that surround the display area AA, adjacent to the beginning
and end parts of each of the horizontal and vertical pixel lines,
it is possible to check the property distribution of the display
area AA. The results of these checkings can be reflected back
to the LCD manufacturing process, which then contributes to
the quality improvement of the array substrate 101 according
to the present invention.

[0088] Thearray substrate as above is attached to an oppos-
ing substrate, for example, a color filter substrate with a liquid
crystal layer therebetween, so that the fringe field switching
mode LCD can be manufactured. Referring to FIG. 9, a color
filter substrate 201 is located over the array substrate 101 with
a liquid crystal layer 250 therebetween. A black matrix layer
210 is formed on an inner surface of the color filter substrate
201 and along a peripheral portion of a pixel region P. A color
filter layer is formed corresponding to the pixel area P. A
planarization layer 230 may be formed on the black matrix
layer 210 and the color filter layer 220.

[0089] It will be apparent to those skilled in the art that
various modifications and variations can be made in a display
device of the present disclosure without departing from the
sprit or scope of the invention. Thus, it is intended that the
present invention covers the modifications and variations of
this invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An array substrate for a fringe field switching mode
liquid crystal display, the array substrate comprising:

adisplay areaincluding a plurality of pixel areas defined by
a plurality of gate lines and a plurality of data lines
crossing the plurality of gate lines, each pixel area
including a switching thin film transistor and a plate-
shaped pixel electrode connected to the switching thin
film transistor,

the display area of the fringe field switching mode liquid
crystal display further including a common electrode
having a plurality of bar-shaped openings in correspon-
dence with the pixel electrodes, the common electrode
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being formed over the pixel electrodes throughout an
entire area of the display area; and

first through fourth non-display areas surrounding the dis-
play area,

wherein the first through fourth non-display areas include a
plurality of test pixel areas surrounding the display area,
wherein each test pixel area includes a test thin film tran-
sistor and a test electrode connected to the correspond-
ing test thin film transistor, and

wherein each test electrode is formed on a same layer as the
common electrode, is made of a same material as the
common electrode, and is spaced apart from the com-
mon electrode.

2. The array substrate of claim 1, wherein the first through
fourth non-display areas further include at least one of first
and second test gate lines formed parallel to the gate lines, and
first and second test data lines formed parallel to the data
lines.

3. The array substrate of claim 2, wherein the first and third
non-display areas are positioned at opposite sides of the dis-
play area and include the first and second test data lines, and

the first and second test data lines are connected to source
electrodes of the plurality of test thin film transistors
included in the first and third non-display areas, respec-
tively.

4. The array substrate of claim 3, wherein gate electrodes of
the plurality of test thin film transistors included in the first
and third non-display areas are respectively connected to the
plurality of gate lines included in the display area.

5. The array substrate of claim 2, wherein the second and
fourth non-display areas are positioned at opposite sides of
the display area, and include the first and second test gate
lines, and

the first and second test gate lines are connected to gate
electrodes of the plurality of test thin film transistors
included in the second and fourth non-display areas,
respectively.

6. The array substrate of claim 5, wherein source electrodes
of the plurality of test thin film transistors included in the
second and fourth non-display areas are respectively con-
nected to the plurality of data lines included in the display
area.

7. The array substrate of claim 1, further comprising:

a plurality of test gate pad electrodes formed in one of the
first through fourth non-display areas and connected
respectively to one ends of the first and second test gate
lines; and

a plurality of test data pad electrodes formed in another of
the first through fourth non-display areas and connected
respectively to one ends of the first and second test data
lines.

8. The array substrate of claim 1, wherein each test pixel
area further includes a protection layer formed on a drain
electrode of the test thin film transistor included in each test
pixel area,

the protection layer having a drain contact hole for expos-
ing said drain electrode of the test thin film transistor.

9. The array substrate of claim 8, wherein the test electrode
in each test pixel area contacts the drain electrode of the test
thin film transistor included in each test pixel area through the
corresponding drain contact hole.

10. The array substrate of claim 1, wherein each of the
switching thin film transistors and the test thin film transistors
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includes a gate electrode, a gate insulating film, semiconduc-
tor layers, and a source electrode and a drain electrode spaced
apart from each other.

11. The array substrate of claim 10, wherein the pixel
electrode included in the pixel area is formed on the gate
insulating film, and the drain electrode of the switching thin
film transistor extends to an upper surface of one end of the
pixel electrode.

12. The array substrate of claim 1, wherein a width of a
space between one test pixel area and an adjacent pixel area in
a specific direction is equal to or narrower than a width of a
space between two adjacent pixel areas in the same specific
direction.

13. The array substrate of claim 1, further comprising:

a dummy pixel area formed between each test pixel area
and a pixel area located at an edge portion of the display
area, the dummy pixel area including the switching thin
film transistor and the pixel electrode.

14. The array substrate of claim 1, further comprising:

a gate pad electrode and a data pad electrode formed at one
ends of each gate line and each data line, respectively;

a firstdriving integrated circuit (IC) contacting the gate pad
electrodes; and

a second driving IC contacting the data pad electrodes.

15. An array substrate for a fringe field switching mode
liquid crystal display, the array substrate comprising:

a display area including a plurality of pixel areas for dis-
playing images, the pixel areas including a plurality of
switch thin film transistors; and

at least one non-display area surrounding in part the dis-
play area,

the at least one non-display area including a row or column
of test pixel areas, each of the test pixel areas including
atest thin film transistor and a test electrode connected to
the test thin film transistor,

wherein a testing of the test pixel areas is used to detect a
defect in the switch thin film transistors.

16. The array substrate of claim 15, wherein the test pixel

areas exclude pixel electrodes.

17. The array substrate of claim 15, wherein each test pixel
area further includes a protective layer covering the corre-
sponding test thin film transistor and extended to cover the
corresponding pixel electrode, the protective layer including
a test drain contact hole formed therein, and

the test electrode in each test pixel area is formed over the
protective layer and contacts a drain electrode of the
corresponding test thin film transistor through the test
drain contact hole.

18. The array substrate ofclaim 15, wherein the at least one
non-display area includes first, second, third and fourth non-
display areas formed respectively at first, second, third and
fourth sides of the display area, and surround the display area,
and

each of the first, second, third and fourth non-display areas
includes the row or column of test pixel areas.

19. The array substrate of claim 18, wherein the number of
the test pixel areas in the row or column of test pixel areas
corresponds to the number of data lines or gate lines provided
in the display area.

20. A fringe field switching mode liquid crystal display,
comprising:

an array substrate including a display area for displaying
images;
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a color filter substrate including a color filter layer and a
black matrix layer; and

a liquid crystal layer between the array substrate and the
color filter substrate,

wherein the array substrate includes:

the display area including a plurality of pixel areas for
displaying the images, the pixel areas including a plu-
rality of switch thin film transistors; and

at least one non-display area surrounding in part the dis-
play area,

the at least one non-display area including a row or column
of test pixel areas, each of the test pixel areas including
atest thin film transistor and a test electrode connected to
the test thin film transistor, and

wherein a testing of the test pixel areas is used to detect a
defect in the switch thin film transistors.
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