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(57)  An array substrate for a fringe field switching
mode liquid crystal display, and the display are disclosed.
The array substrate (101) includes a display area (AA)
including pixel areas (P) defined by gate lines and data
lines crossing the gate lines, each pixel area (P) including
a switching thin film transistor (STr) and a plate-shaped
pixel electrode (125) connected to the switching thin film
transistor (STr), the display area of the display further
including a common electrode (170) having a plurality of
bar-shaped openings (op) in correspondence with the

Array substrate for fringe field switching mode liquid crystal display device

pixel electrodes (125), the common electrode (170) being
formed over the pixel electrodes (125) throughout an en-
tire area of the display area (AA); and first through fourth
non-display areas (NA1-NA4) surrounding the display ar-
ea and including test pixel areas (IPA) surrounding the
display area, wherein each test pixel area (IPA) includes
a test thin film transistor (ITr) and a test electrode (175)
formed of the same layer as the common electrode (170)
and connected to the corresponding test thin film tran-
sistor (ITr).
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Description

[0001] The present application claims the priority ben-
efit of Korean Patent Application No. 10-2012-0022501
filed in Republic of Korea on March 5, 2012, which is
hereby incorporated by reference in its entirety.

BACKGROUND
FIELD OF THE DISCLOSURE

[0002] The presentdisclosure relates to a Liquid Crys-
tal 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.

DISCUSSION OF THE RELATED ART

[0003] Ingeneral, aliquid 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 lig-
uid crystal molecules has directivity. Thus, when an elec-
tric field is applied to the liquid crystals, the molecular
arrangement direction of the liquid crystals is changed.
[0004] Accordingly, by arbitrarily adjusting the molec-
ular arrangement direction of the liquid crystals, the mo-
lecular arrangement of the liquid crystals is changed, and
light is refracted in the molecular arrangement direction
ofthe liquid crystals to thereby display image information.
[0005] An active matrix LCD (AM-LCD, hereinafter
simply 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 atten-
tion due to its high resolution and excellent quality of fast
moving images.

[0006] The LCD generally includes a color filter sub-
strate 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 crystals by an electric field applied
in an up-down direction therebetween. The LCD has an
excellent light transmission rate and aperture ratio.
[0007] However, inthe general LCD, liquid crystal driv-
ing by an electric field applied in the up-down direction
becomes a factor for deteriorating a viewing angle prop-
erty. In order to overcome this disadvantage, an in-plane
switching mode LCD having an excellent viewing angle
has been proposed.

[0008] Hereinafter, a general in-plane switching mode
LCD will be described in detail with reference to FIG. 1.
[0009] FIG. 1 is a cross-sectional view of the general
in-plane switching mode LCD.

[0010] AsshowninFIG. 1, an upper substrate 9 which
is a color substrate is spaced apartfrom alower substrate
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10 which is an array substrate, and faces the lower sub-
strate 10. A liquid crystal layer 11 is inserted between
the upper and lower substrates 9 and 10.

[0011] Onthe lower substrate 10, a common electrode
17 and a pixel electrode 30 are formed on the same sur-
face, and the liquid crystal layer 11 is driven by a hori-
zontal electric field L formed by the common electrode
17 and the pixel electrode 30.

[0012] FIGS. 2A and 2B are views for explaining op-
erations when the in-plane switching mode LCD of FIG.
1 is turned on and off, respectively.

[0013] First, referring to FIG. 2A showing an arrange-
ment 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 cor-
responding to or directly above the common electrode
17 and the pixel electrode 30 does not change, whereas
liquid crystal molecules 11b positioned between the com-
mon 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.

[0014] Therefore, images can be viewed even at an-
gles of about 80° to 89° with respect to the front of the
in-plane switching mode LCD, without causing image in-
versions.

[0015] Then, referring to FIG. 2B showing an arrange-
ment of liquid crystal molecules when no voltage is ap-
plied to the in-plane switching mode LCD so that the in-
plane switching mode LCD is turned off, since no hori-
zontal electric field is formed between the common elec-
trode 17 and the pixel electrode 30, the arrangement of
the liquid crystal molecules 11 does not change.

[0016] The in-plane switching mode LCD, however,
has a low transmission rate and aperture ratio although
it can provide animproved viewing angle. In order to over-
come 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 pro-
posed.

[0017] FIG. 3is across-sectional view of an array sub-
strate 41 for a fringe field switching mode LCD according
to arelated art, cutalong aline crossing the center portion
of a pixel area of the LCD.

[0018] 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
agateinsulating 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 electrode 51 of the thin film
transistor Tr. The pixel electrode 55 is formed on the
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same layer as the data line 47, that is, on the gate insu-
lating film 45, and is spaced a predetermined distance
from the data line 47 in order to prevent a short with the
data line 47.

[0019] 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.
[0020] Thearray substrate 41 forthe fringe field switch-
ing 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 display area, it is not possible to
check the properties of the thin film transistor Tr included
in the pixel areas configuring the display area of the LCD.
Further, it is not possible to check whether or not a cor-
responding gate or data line connected to a plurality of
the thin film transistors Tr's is properly functioning or
formed.

[0021] More specifically, in order to check the proper-
ties 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 thinfilm transistor Tr, and also a signal voltage
or current changing according to a data signal voltage
supplied through the drain electrode 51 needs to be out-
put.

[0022] 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 con-
nected 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.

[0023] 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

[0024] Accordingly, the presentinvention is directed to
a display device that substantially obviates one or more
of the problems due to limitations and disadvantages of
the related art.

10

15

20

25

30

35

40

45

50

55

[0025] An object of the present disclosure is to provide
an array substrate for a 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.

[0026] Additional features and advantages of the in-
vention 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.

[0027] To achieve these and other advantages in ac-
cordance 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 plu-
rality 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 a plate-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 electrode is
formed over the pixel electrode throughoutthe 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 in-
cludes a 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.
[0028] According to an embodiment, the present in-
vention provides 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 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
filmtransistor, 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 through-
out 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
aplurality of test pixel areas surrounding the display area,
wherein each test pixel areaincludes a test thin film tran-
sistor and a test electrode connected to the correspond-
ing test thin film transistor, and wherein each test elec-
trode is formed on a same layer as the common elec-
trode, is made of a same material as the common elec-
trode, and is spaced apart from the common electrode.
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[0029] According to an embodiment, the present in-
vention provides 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 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 col-
umn of test pixel areas, each of the test pixel areas in-
cluding a test thin film transistor and a test electrode con-
nected 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.

[0030] According to an embodiment, the present in-
vention provides a fringe field switching mode liquid crys-
tal 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 in-
cludes: 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 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, and wherein a testing of the
test pixel areas is used to detect a defect in the switch
thin film transistors.

[0031] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

[0033] FIG. 1is a cross-sectional view of a general in-
plane switching mode liquid crystal display (LCD);
[0034] FIGS. 2A and 2B are views for explaining op-
erations when the in-plane switching mode LCD of FIG.
1 is turned on and off, respectively;

[0035] FIG. 3 is a cross-sectional view of an array sub-
strate for a fringe field switching mode LCD according to
arelated art, cut along a line crossing the center portion
of a pixel area of the LCD.

[0036] FIG. 4 is a plane view of an array substrate for
a fringe field switching mode LCD according to an em-
bodiment of the present invention;

[0037] FIG. 5is an enlarged view of an area A of FIG.
4 according to an embodiment of the present invention;
[0038] FIG. 6 is an enlarged view of an area B of FIG.
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4 according to an embodiment of the present invention;
[0039] FIG. 7 is a cross-sectional view of a pixel area
in a display area in the array substrate for the fringe field
switching mode LCD shown in FIG. 4, cut along a line
VI-VI of FIG 5;

[0040] FIG. 8 is a cross-sectional view of a pixel area
foratestinthe array substrate for the fringe field switching
mode LCD shown in FIG. 4, cut along a line VIII-VIII of
FIG 6;

[0041] FIG. 9 is a cross-sectional view of the fringe
field switching mode LCD according to the embodiment
of the present invention; and

[0042] FIG. 10 is a schematic view of the array sub-
strate of the fringe field switching mode LCD including
dummy pixel areas according to the embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0043] 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.
[0044] FIG. 4is a plane view of an array substrate 101
for a fringe field switching mode LCD according to an
embodiment of the present invention. In FIG. 4, a display
area AA for displaying images and non-display areas
NA1-NA4 surrounding the display area AA are shown
together. FIGS. 5 and 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 ar-
eas 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.

[0045] As shown in the drawings, the display area AA
of the 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 par-
allel 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 afirst direction
and are made of a low-resistance metal material, for ex-
ample, at least one material selected among aluminum
(Al), an aluminum alloy such as aluminum-neodymium
(AINd), copper (Cu), a copper alloy, molybdenum (Mo),
and molybdenum titanium (MoTi). The data lines 130 are
made of a low-resistance material, extend in a second
direction generally or substantially perpendicular to the
first direction, and cross the gate lines 105 to define a
plurality of pixel areas P. For instance, the gate and data
lines 105 and 130 cross each other perpendicularly to
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each other to form a matrix configuration in which the
pixel areas P are provided.

[0046] Thegatelines 105 and the datalines 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 connected 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).

[0047] 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 sec-
ond test data lines IDL1 and IDL2 are formed parallel to
the data lines 130. Also, the second and fourth non-dis-
play areas NA2 and NA4 include gate lines for a test, that
is, first and second test gate lines IGLI and IGL2, respec-
tively. Likewise, the first and second test gate lines IGLI
and IGL2 are formed parallel to the gate lines 105.
[0048] The first and second test gate lines IGL1 and
IGL2 are connected to first and second test pad elec-
trodes IP1 and IP2, respectively, and the first and second
test data lines IDL1 and IDL2 are connected to third and
fourth test pad electrodes IP3 and IP4, respectively.
[0049] Meanwhile, each pixelareaP inthedisplay area
AA includes semiconductor layers and a switching thin
film transistor STr, wherein the semiconductor layers are
connected to a corresponding gate line 105 and a corre-
sponding data line 130. The switching thin film transistor
STrincludes 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 in-
cludes source and drain electrodes 133 and 136a spaced
apart from each other. Thatis, at each intersection of the
gate and data lines 105 and 130, the switching 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.

[0050] Also, each pixel area P includes a plate-shaped
pixel electrode 125 contacting the drain electrode 136 of
the switching thin film transistor STr.

[0051] 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 1Tr1, 1Tr2,
ITr3, and ITr4 formed at intersections of the first and sec-
ond test gate lines IGL1 and IGL2 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 in-
cluded in each pixel area P.

[0052] Particularly, a plurality of (or a column of) the
test thin film transistor ITr1, ITr1, ITr1,... are provided at
the intersections of the first test data line IDL1 and each
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of the gate lines 105. Similarly, a plurality of (or a column
of) the test thin film transistors ITr3, ITr3, ITr3,... are pro-
vided at the intersections of the second test data line
IDL2 and each of the gate lines 105. Further, a plurality
of (or a row of) the test thin film transistors ITr2, 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 ITr4,
ITr4, ITr4,... are provided at the intersections of the sec-
ond test gate line IGL2 and each of the data lines 130.
As a result, the gate electrodes of the first and third test
thin film transistors ITr1 and ITr3 included in the first and
third non-display areas NA1 and NA3 are respectively
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 ITr2 and ITr4 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.

[0053] 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 gate line 105 and a data line 130 are
formed in such a manner to surround the display area AA.
[0054] That is, groups of the test thin film transistors
ITr are 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.

[0055] All the test thin film transistors included in the
first non-display area NA1 (hereinafter referred to as first
test thin film transistors ITr1)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 tran-
sistors ITr2) are connected to the first test gate line IGL1
and the first test pad electrode IP1 connected to the first
test gate line IGL1. All the test thin film transistors includ-
ed in the third non-display area NA3 (hereinafter referred
to as third test thin film transistors ITr3) are connected
to the second test data line IDL2 and the fourth test pad
electrode IP4 connected to the second testdataline IDL2.
All the test thin film transistors included in the fourth non-
display area NA4 (hereinafter referred to as fourth test
thin film transistors ITr4) are connected to the second
test gate line IGL2 and the second test pad electrode 1P2
connected to the second test gate line IGL2.

[0056] 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
correspondence with the pixel electrode 125, faces the
pixel electrode 125 with a protection layer interposed be-
tween the pixel electrode 125 and the common electrode
170. The protection layer can be made of an insulating
material.

[0057] The common electrode 170 is formed in corre-



9 EP 2 637 060 A1 10

spondence 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 tran-
sistors ITr1 through ITr4.

[0058] In the non-display areas NA1 through NA4 as
shown in FIG. 6, test electrodes 175 are formed on the
protection layer in correspondence with the test thin film
transistors ITr1 through ITr4, and respectively connected
to the drain electrodes 136b of the test thin film transistors
ITr1 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.

[0059] Referring to FIG. 6, each test pixel area IPA
having a test 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 IPA can be the same as the
distance between two immediately neighboring pixel ar-
eas 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 (dis-
posed in a column shape) may be the same as the dis-
tance 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, a width of a space between one test
pixel area and an adjacent pixel area in a specific direc-
tion 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 be-
tween two adjacent pixel areas in the same another di-
rection.

[0060] Meanwhile, the protective layer 160 is formed
between the drain electrodes 136b of the test thin film
transistors ITr1 through ITr4 and the test electrodes 175,
and the drain electrode 136b of each of the test thin film
transistors ITr1 through 1Tr4 contacts the corresponding
test electrode 175 through its drain contact hole 165 ex-
posing the corresponding drain electrode 136b.

[0061] Accordingly, due to the above-described con-
figuration of the array substrate 101 for the fringe field
switching mode LCD, all of the first test thin film transis-
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tors ITr1 included in the first non-display area NA1 are
turned on by a data signal voltage supplied through the
third test pad electrode IP3 and a gate signal voltage
supplied through each ofthe 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 ITr1 and thus its test pixel area
can be output and checked. Checking one test electrode
175 of the first test thin film transistor ITr1 as discussed
above indicates whether or not the corresponding gate
line is properly formed/functioning.

[0062] 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 electrode IP1 and a data signal voltage sup-
plied through each of the data lines 130. By contacting
aprobe pinto a test electrode 175 connected to a second
test thin film transistor 1Tr2, the properties of the second
test thin film transistor ITr2 and thus its test pixel area
can be output and checked. Checking one test electrode
175 of the second test thin film transistor ITr2 as dis-
cussed above indicates whether or not the corresponding
data line is properly formed/functioning.

[0063] Likewise, all of the third and fourth test thin film
transistors ITr3 and ITr4 included in the third and fourth
non-display areas NA3 and NA4, respectively, are turned
on by signal voltages supplied through the fourth test pad
electrode IP4 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 ITr3 or ITr4, the properties of the third
or fourth test thin film transistor ITr3 or ITr4 and thus its
test pixel area can be output and checked. Checking one
test electrode 175 of the third or fourth test thin film tran-
sistor ITr3 or ITr4 as discussed above indicates whether
or not the corresponding gate line or data line is properly
formed/functioning.

[0064] Therefore, in the array substrate 101 for the
fringe field switching mode LCD, it is possible to deter-
mine 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 transis-
tors STrs when the common electrode 170 has been
completely formed.

[0065] 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 prop-
erties 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 distribu-
tion 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 man-
ufacturing process of other LCDs, which contributes to
the quality improvement of the array substrate 101.
[0066] According to a modified embodiment of the
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present invention, referring to FIG. 10, a plurality of dum-
my 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 cer-
tain 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 com-
mon electrode 170.

[0067] One reason 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. Thatis, by including dummy pixel areas
DPA having a width greater than a predetermined fabri-
cation tolerance range of a dummy pixel area DPA (if
provided), itis possible to prevent the test electrodes 175
from contacting the common electrode 170, thereby
avoiding an electric short between the test electrodes
175 and the common electrode 170 and avoiding a fab-
rication error. For instance, the dummy pixel area DPA
can have a width of one pixel area of the display area.
[0068] Hereinafter, a cross-sectional structure of the
array substrate 101 for the fringe field switching mode
LCD according to an embodiment will be described.
[0069] FIG. 7 is a cross-sectional view of a pixel area
in the display area AA in the array substrate 101 for the
fringe field switching mode LCD shown in FIG. 4, cut
along aline 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 switching 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 tran-
sistors STrand the test thin film transistors I Tr are formed
in the pixel areas P and the test pixel areas IPA, respec-
tively, are referred to as switching areas TrA. Since each
test thin film transistor ITr included in the switching 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 136a, and the drain electrode of the test thin
film transistor ITr is denoted by 136b.

[0070] As shown in the drawings, the gate electrode
107 is formed in each switching area TrA on the trans-
parent insulating 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 display 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
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the second and fourth non-display areas (NA2 and NA4
of FIG. 4)

[0071] In an example, the gate lines (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 resist-
ance, for example, a metal material selected from among
aluminum (Al), an aluminum alloy such as aluminum-
neodymium (AINd), copper (Cu), a copper alloy, molyb-
denum (Mo), and molybdenum titanium (MoTi), or have
a multi-layer structure made of two or more materials
selected from among the above-mentioned materials. In
the drawings, an example of a single layer structure is
shown for the sake of brevity.

[0072] Then, the gate insulating film 110 made of a
nonorganic insulating material, e.g., silicon oxide (SiO,)
or silicon nitride (SiN,) is formed on the gate lines (105
of FIG. 4), the first and second test gate lines (IGL1 and
IGL2 of FIG. 4), and the gate electrodes 107 throughout
the entire area of the substrate 101.

[0073] Also, the plate-shaped pixel electrodes 125 are
formed in correspondence with the pixel areas P (in cor-
respondence with the pixel areas P and the dummy pixel
areas (DPA of FIG. 10) in the case of the modified em-
bodiment) 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.

[0074] Then, in each switching area TrA on the gate
insulating film 110, semiconductor layers 120 composed
of an active layer 120a made of pure amorphous silicon
and ohmic contact layers 120b made of impure amor-
phous silicon are formed in correspondence with each
gate electrode 107. The ohmic contact layers 120b are
formed on the active layer 120a and spaced apart from
each other to expose the center part of the active layer
120a.

[0075] Also, in the switching area TrA, a source elec-
trode 133 and either a drain electrode 136a or 136b are
formed on the semiconductor layers 120, specifically, on
the ohmic contact layers 120b 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 ex-
tends to contact the pixel electrodes 125 included in the
pixel area P and the dummy pixel area.

[0076] 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
136b are provided in the test pixel areas IPA, the drain
electrodes 136b of the test pixel areas IPA contact no
pixel electrode 125. In the case of the drain electrode
136b included in each test pixel area IPA, a drain contact
hole 165 is formed in or through the protection layer 160
covering the drain electrode 136, and the drain electrode
136b has a larger area than the drain electrode 136a
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included in each pixel electrode P so that the drain elec-
trode 136b 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
136b 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 136b, and exposes a
portion of the drain electrode 136b. The test electrode
175 formed directly on the protective layer 160 is in con-
tact with the drain electrode 136b through the drain con-
tact hole 165.

[0077] Also, inthe 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 IDL1
and IDL2 connected to the source electrodes 133 includ-
ed in the first and second test pixel areas IPA are formed.
[0078] Meanwhile,in each switching area TrA, the gate
electrode 107, the gate insulating film 110, the semicon-
ductor 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.
[0079] 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 silicon nitride (SiN,), or an organic insu-
lating material, for example, benzocyclobutene (BCB) or
photo acryl. The protection layer 160 may be formed as
a double layer structure made of a nonorganic insulating
material and an organic insulating material.

[0080] In the drawings, an example in which the pro-
tection 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.

[0081] As part of the advantageous configuration of
the array substrate 101 for the fringe field switching mode
LCD according to the presentinvention, the drain contact
hole 165 is formed in the protection layer 160, in corre-
spondence with each test pixel area IPA, to expose the
drain electrode 136b of the test thin film transistor ITr.
[0082] Then, the transparent common electrode 170
is formed in a plate form on the protection layer 160, in
correspondence with the entire area of the display area
AA. The common electrode 170 can be made of a trans-
parent conductive material, for example, indium-tin-oxide
(ITO) or indium-zinc-oxide (IZO). The common electrode
170 has a plurality of bar-shaped openings op in corre-
spondence with each pixel area P included in the display
area AA, and more specifically, in correspondence with
each pixel electrode 125.
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[0083] 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 electrode 170, and are spaced apart from
the common electrode 170. Each test electrode 175 con-
tacts the drain electrode 136b of the corresponding test
thin film transistor ITr through the drain contact hole 165
formed above the drain electrode 136b. The test elec-
trode 175 of each test pixel area IPA is electrically iso-
lated from the test electrodes 175 of other test pixel areas
IPA.

[0084] As described above, by forming the test elec-
trodes 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 ITr through the test electrodes
175, signals including the properties of the thin film tran-
sistors ITr can be output and checked, thereby testing
the thin film transistors ITr. The testing of all the test elec-
trodes 175 can be performed simultaneously, selectively,
independently, sequentially, in groups, or in any other
manner.

[0085] Also, by forming the plurality of test pixel areas
IPA 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 manufactur-
ing process, which then contributes to the quality im-
provement of the array substrate 101 according to the
present invention.

[0086] The array substrate as above is attached to an
opposing substrate, for example, a color filter substrate
with a liquid crystal layer therebetween, so that the fringe
field switching mode LCD can be manufactured. Refer-
ring 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 planariza-
tion layer 230 may be formed on the black matrix layer
210 and the color filter layer 220.

[0087] 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 ofthe invention. Thus, itisintended
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.

Claims

1. An array substrate for a fringe field switching mode
liquid crystal display, the array substrate comprising:
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adisplay 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
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 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 surround-
ing 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 cor-
responding 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.

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.

The array substrate of claim 2, wherein the first and
third non-display areas are positioned at opposite
sides of the display 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 tran-
sistors included in the first and third non-display ar-
eas, respectively,

wherein preferably 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.

The array substrate of claim 2 or 3, wherein the sec-
ond 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 tran-
sistors included in the second and fourth non-display
areas, respectively,

wherein preferably source electrodes of the plurality
of test thin film transistors included in the second and
fourth non-display areas are respectively connected
to the plurality of data lines included in the display
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5.

10.

1.

12.

area.

The array substrate of any one of claims 1 to 4, 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.

The array substrate of any one of claims 1 to 5,
wherein each test pixel area further includes a pro-
tection 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
exposing said drain electrode of the test thin film tran-
sistor.

The array substrate of claim 6, wherein the test elec-
trode in each test pixel area contacts the drain elec-
trode of the test thin film transistor included in each
test pixel area through the corresponding drain con-
tact hole.

The array substrate of any one of claims 1 to 7,
wherein each of the switching thin film transistors
and the test thin film transistors includes a gate elec-
trode, a gate insulating film, semiconductor layers,
and a source electrode and a drain electrode spaced
apart from each other.

The array substrate of claim 8, wherein the pixel elec-
trode included in the pixel area is formed on the gate
insulating film, and the drain electrode of the switch-
ing thin film transistor extends to an upper surface
of one end of the pixel electrode.

The array substrate of any one of claims 1 to 9,
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 be-
tween two adjacent pixel areas in the same specific
direction.

The array substrate of any one of claims 1 to 10,
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.

The array substrate of any one of claims 1 to 11,
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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 first driving integrated circuit (IC) contacting
the gate pad electrodes; and

asecond driving IC contacting the data pad elec-
trodes.

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

adisplay area including a plurality of pixel areas
for displaying images, the pixel areas including
a plurality of switch thin film transistors; and
atleastone non-display area surrounding in part
the display area,

the atleast 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 transis-
tors.

The array substrate of claim 13, wherein the test pixel
areas exclude pixel electrodes.

The array substrate of claim 13 or 14, wherein each
test pixel area further includes a protective layer cov-
ering the corresponding test thin film transistor and
extended to cover the corresponding pixel electrode,
the protective layerincluding a testdrain contact hole
formed therein, and

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

The array substrate of any one of claims 13 to 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.

The array substrate of claim 16, 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.

A fringe field switching mode liquid crystal display,
comprising:
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an array substrate according to any one of
claims 1 to 17;

a color filter substrate including a color filter layer
and a black matrix layer; and

aliquid crystal layer between the array substrate
and the color filter substrate.



EP 2 637 060 A1

FIG. 1
Related Art

:)—

FIG. 2A
Related Art

17

30

FIG 2B
Related Art

OFF

17

30

12



EP 2 637 060 A1

FIG 3
Related Art

<N
|

N
|

13



EP 2 637 060 A1

O_lﬁm dd y
E_t\ ,_ f el
VN
<19l
01 M
V \ 2l
L ) e | 1
| R R 1 1
2d| | K
| | | |
bl o]
| | ° ° | |
—] Lo . . 0o
o-a—~ Bl . : m L_\\lrn_m__
| |
— i ! vV
d9 L = | m._n_T\\”\. | OBb~_ [ |t
| |
i , sor ]
| ] ° ©
F:J/% LA el : : \ ek L1
TTEH R TR yd)
o | ] i 5+ ‘
YD - ok, N poN
191
EVN v

¥ DId

14



EP 2 637 060 A1

FIG. 5
3 AA
j ”
N
125——|
13(}\\\_/4
| op op .
| op
o
T T -~
Vi
/j/// ; 1 7107 N
N
' - N
_‘ 143120813, ST 105
L 7Z R . . _ ) ) _

15



EP 2 637 060 A1

FIG. 6
101
’ NA1 X
| = -
\\f\ .
% ) |
N [GL1
/ P

—ﬂ

/\ \
\
\
\
i

S__

L

\ N\\ \

—-

133 1208 136b Ty

16



EP 2 637 060 A1

FIG. 7

I|.|!|.|. I-:---:--:------ -
o % =)
>—{ ]|
/-
=
— N
w)/v.
N
w/ i
>
ml | rl.\\l/nrm_v
— /-
o
g 1
/ M_ﬂn
[ (\)m o
= | A
AR
/
m\l/t\_w L] /
= |l 2218
& \_ T Se
[ap) | 1
S I I
| [ —
| |
S N8
Nl
| ;\_{/_H
\
AN 72 S— v v
..... S I R S—

FIG. 8

175

-

120a 120b
120

107

TrA

[PA

NA1

17



EP 2 637 060 A1

FIG. 9

| 210

RN
op op b 250
133 136a160 o 170 130 |
| ) ) AN
. | AN 1 —
I P ‘\_I’ 7t [ |
T 3 ) '
iSTr) 10712%"%)2Ob 110 129 101
‘ TrA
» P >
- Yy »
FIG. 10
IPA 101
IPA DPA '3/ 5PA DPA IPA
—"- -
IZI\P
o o o AA o o

DPA——] -
IPA ——[O -

18



EP 2 637 060 A1

D)

Offi
des

Europiisches
Patentamt
European
Patent Office

ce européen
brevets

[y

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 12 19 9324

Citation of document with indication, where appropriate,

Relevant

CLASSIFICATION OF THE

Category of relevant passages to claim APPLICATION (IPC)
X JP 2009 216963 A (EPSON IMAGING DEVICES 1-10,12,[ INV.
CORP) 24 September 2009 (2009-09-24) 13,15-18 GO2F1/1368
* paragraph [0025] - paragraph [0043];
figures 1-6 * ADD.
----- GO2F1/1343
A JP H10 339887 A (HITACHI LTD; HITACHI 1,13

DEVICE ENG) 22 December 1998 (1998-12-22)
* the whole document *

TECHNICAL FIELDS

SEARCHED (IPC)
GO2F
GO9G
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Munich 24 May 2013

Frank, Wolfgang

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

19




EPO FORM P0459

EP 2 637 060 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 12 19 9324

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

24-05-2013
Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 2009216963 A 24-09-2009  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

20



EP 2 637 060 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

KR 1020120022501 [0001]

21



patsnap

FRBHORF) AT G5 nEE S S R~ EENRESIER
DN (E)S EP2637060A1 N (E)H 2013-09-11
HiES EP2012199324 HiEH 2012-12-24

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG DISPLAY CO., LTD.
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA WON DAE HYUN
SHIN CHANG YEOP
SHIN AE KYUNG
LEE RU DA

KA WON, DAE-HYUN
SHIN, CHANG-YEOP
SHIN, AE-KYUNG

LEE, RU-DA
IPCH %S GO02F1/1368 GO2F1/1343

CPCH k5 G02F1/1309 G02F1/1368 G02F2001/134372 G02F2001/136254 H01L22/00

REHNE(F) KRHES , JENTSCHURA & PARTNER

HER(F) FRANK , WOLFGANG

£ £ 1020120022501 2012-03-05 KR

H 2N FF 2k EP2637060B1

SEReELE Espacenet

DT T —F BTG RER R R E RS ERF IS RES. Y C . .

BiR (101) RESREE (AL ) | HEEEHRAH SHRE LTI o /" m oo
BREBRENGEXE (P) , 8MRERXSE (P ) @A XZEAKE ) } l/ / / / / a
(STr) MR - FPRBESIR (125 ) EEAFXEESEE (STr) | & A N

RENERXKIGESEALBE (170) , NHBR (170) EFE5ESE
B (125) HRMZBAIREFO (op) . ) , EERXE (AA) HE
MXE L, EEREBR (125 ) EERLHEBE (170 ) ;F—EHEMES
AKX ( NA1-NA4 ) BSEE R X H a1 S R X3 B B 50 = 638 X i
(IPA) , HFESMEBEXE (IPA) SENXEERKEE (1Tr) M
MIREBAR (175 ) AELHBF (170 ) HENEF R HEE DA A AR (7R

WEEREEE (ITr) . . : >

KA

i N me
i . ,\‘_,-.\/ ( \)
!



https://share-analytics.zhihuiya.com/view/9809ab9b-032b-42cb-99a8-f7b306bba11b
https://worldwide.espacenet.com/patent/search/family/047721898/publication/EP2637060A1?q=EP2637060A1

